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The current worldwide pandemic of the
coronavirus disease 2019 (COVID-19)
caused by severe acute respiratory syn-
drome coronavirus 2 (SARS-CoV-2) con-
tinues to cause incredible morbidity and
mortality on a global level. Presently,
there is no effective pharmacologic ther-
apy nor a vaccine to offer. Given the
circumstances and mode of transmis-
sion, the coronavirus crisis is expected
to remain a significant part of our lives
for the foreseeable future, continuing to
cause economic hardships, straining our
health care system,andchanging theway
we work and live on a daily basis. From
this crisis, we have learned, and will
continue to learn, new information al-
mostdaily.Whatwedidknowprior to the
pandemic was that past viral pandemics
have clearly demonstrated the associa-
tion of chronic disease comorbidities
with increased risk for morbidity and
mortality (1–3). This observation is no
different with the current crisis, as a
number of chronic diseases appear to
be important comorbidities in thosewith
COVID-19 infection (3,4). As recently
reported, during 1–30 March 2020,
89.3% of hospitalized adults had one
or more underlying conditions. The
most commonly reported conditions
overall were hypertension (49.7%),
obesity (48.3%), chronic lung disease
(34.6%), diabetes (28.3%), cardiovascular

disease (27.8%), and kidney disease
(13.1%) (4), several of which fall within
National Institute of Diabetes and Di-
gestive and Kidney Diseases (NIDDK)
mission areas. It is important from a
medical perspective that we fully un-
derstand the clinical characteristics of
individuals affected, risk factors for mor-
tality and other outcomes, potential un-
derlying health disparities, and other
clinical variables in order to be in the
best position as a medical community to
inform on mitigation strategies and treat-
ment until a vaccine is found.

At present, clinicians managing pa-
tients with acute onset of multisystem
dysfunction must make urgent decisions
with little evidence to guide their prac-
tice. Even more difficult, despite the
disproportionate impact on patients
with preexisting conditions, there is little
information on how to manage one or
more established chronic diseases in
COVID-19 (5,6). It is clear, however,
that as with other severe infections,
glycemic control in individuals with di-
abetes will be impaired and, when hos-
pitalized, patients with type 2 diabetes
who use oral agents will mostly likely
require insulin (3). Thus, immediate ef-
forts are needed to gather data from
health care systems, hospitals, and ex-
isting clinical networks/trials to better
understand metabolic, phenotypic or

physiologic, and clinical factors that
are involved or predictive of COVID-19
susceptibility andclinical course tobetter
understand the heterogeneity of indi-
vidual response to COVID-19 infection.
In this regard, many of these important
topics are covered in other articles in this
special section of Diabetes Care.

While we have learned a great deal
about the mode of entry for COVID-19
and the resulting pathophysiology, we
need targeted research to further un-
derstand these underlying mechanisms.
Specifically, it is known that SARS-CoV-2,
like SARS-CoV-1, enters the cells via the
angiotensin-converting enzyme 2 (ACE2)
receptor (3,7). ACE2hasbeenwell known
to be expressed in the alveolar epithelial
cells in the lungs and upper respiratory
tract, but we also know that it is ex-
pressed in other tissues such as heart,
small and large intestines, and pancreas
(3,7).We also recognize that that ACE2 is
highly expressed in proximal tubular
cells, distal tubule and collecting duct
cells, and less prominently in glomerular
visceral and parietal epithelial cells (po-
docytes) of the kidney (8). The locations
of the receptor are not only of interest in
understanding the severe pulmonary
manifestations of COVID-19, but may
be very relevant to understanding how
COVID-19 plays a role in contributing to
worsening or development of disease in
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other tissues. It would be important to
knowwhy those who have both COVID-19
and diseases in the mission of NIDDK have
different outcomes based on underlying
disease factors or therapies being utilized
to treat their condition. Thus, we are very
interested in learning how COVID-19 is
related to the development or effects of
diabetes, obesity, kidney disease, and di-
gestive diseases. Below, we propose sev-
eral research opportunities to identify
novel pathogenic pathways and potential
translational targets of the kidney, diges-
tive, and endocrine/metabolism system.
Obesity and diabetes as underlying

conditions were present in 48.3% and
28.3% of adults aged $18 years with
COVID-19–associated hospitalizations
and were present in 41% and 31.3% of
those aged$65 years (4).Many potential
mechanisms have been postulated to
explain the susceptibility for COVID-19
in patients with diabetes including 1)
higher affinity cellular binding and effi-
cient virus entry, 2) decreased virus clear-
ance, 3) diminished T-cell function, 4)
increased susceptibility to hyperinflam-
mation and cytokine storm syndrome, and
5) presence of cardiovascular disease (9).
Chronic inflammation, increased coagu-
lation activity, immune response impair-
ment, and potential direct pancreatic
damage by SARS-CoV-2 are also postu-
lated as the underlying mechanisms of the
association between diabetes and COVID-
19 (5). Even if a patient does not have
diabetes, there is a need for heightened
awareness for pancreatic inflammation as
reported in some individuals with COVID-
19 and the contribution to either exac-
erbation or development of diabetes in
acutely ill patients given that ACE2 re-
ceptors are expressed in exocrine and
endocrine pancreas (7).
Basedon theobservations thatobesity

and diabetes are major risk factors for
COVID-19 morbidity and mortality, re-
search opportunities abound in this area.
What are the specific clinical factors and
operative mechanisms at the cellular
level in individuals with diabetes that
predispose to susceptibility to infection
and lead to a higher risk of hospitalization
and intensive care unit use and increased
mortality? What role does glycemic con-
trol play in susceptibilityoroutcomes, and
does current antidiabetes medication
play a role? Because of evidence that the
modeof entry of COVID-19 is throughACE2
and that treatment with ACE inhibitors or

angiotensin receptor blockersdfrequently
used by people with diabetesdhave the
potential to cause upregulation of ACE2
(3), research on these processes that
might contribute to viral infection or
clinical outcomes is greatly needed. An-
other area that needs to be addressed is
the role of COVID-19 in our most vulner-
able populations that have a huge burden
of diabetes and obesity. Preliminary data
show a disturbing pattern of dispropor-
tionate risk and worse outcomes of
COVID-19 among underrepresented mi-
norities (10). Research to address these
marked disparities warrants urgent
attention.

Kidney disease remains an important
comorbidity for COVID-19, both as a risk
factor (chronic kidney disease) for hos-
pitalization and as an important morbid
outcome (acute kidney injury [AKI]). This
is particularly true for older individuals,
as kidney diseasewas present in 25.4%of
individuals hospitalized with COVID-19
infection (4), and a more recent analysis
shows chronic kidney disease in hospi-
talized COVID-19 patients as the third
most common comorbidity, 12.7%, that
followedhypertension anddiabetes (11).
Development of AKI increases the mor-
tality rate by two- to sevenfold. The
incidence of AKI in hospitalized patients
with COVID-19 has been reported to be
as high as 34.5%, with up to 5.4% re-
quiring renal replacement therapy (12).
AKI appears to be heterogenous, pre-
cipitated by hypovolemia, heart failure
and cardiogenic shock, cytokine storm,
hypoxic respiratory failure, hypercoagu-
lable states, rhabdomyolysis, and direct
viral infection of the renal epithelium.
Kidney biopsy studies have found SARS-
CoV-2viralparticles in tubularepithelium
and podocytes, which suggests direct
cytotoxicity (13). In patients with severe
AKI, hemodialysis or continuous veno-
venous hemofiltration is required to sus-
tain volume and metabolic homeostasis.
Hemodialysis in critically ill, infected pa-
tients is associated with significant clot-
ting complications and mortality as well
as increased infection risk to staff.

Areas of research opportunity include
observational studies to define the in-
cidence and risk factors for the deve-
lopment of AKI in COVID-19–infected
patients and to collect biosamples that
will inform diagnostic and predictive
disease biomarkers. These studies will
help describe the natural history of

COVID-19–associated AKI and provide
investigational and clinical resources
for future studies. While difficult to per-
form, kidney biopsies from patients with
early AKI could help us understand the
underlying pathophysiologies at the cel-
lular and molecular level and begin to
target specific treatments to specific
subgroups of patients. Foundational ba-
sic science studies include identification
of novel kidney-specific COVID-19 recep-
tors (to explain why chronic kidney dis-
ease is a risk factor for COVID-19 and
perhaps a viral reservoir), cell biologic
studies in human kidney tissue (espe-
cially that acquired from patients), the
development of animal models to iden-
tify novel biomarkers and therapeutic
targets, and studies that define the
long-term sequelae of COVID-19 infec-
tionon renal function. The consequences
of renin-angiotensin system inhibition
are unknown and could be addressed
in large observational studies of patients
with COVID-19 as well as basic studies.
Ultimately, we will need clinical trials to
test interventions to prevent or treat
COVID-19–induced AKI. This is particu-
larly important, as low glomerular fil-
tration rate is currently an exclusion
criterion for many antiviral studies.

Reports of COVID-19 presenting initially
in some patients as an acute gastrointes-
tinal syndrome with nausea, vomiting,
diarrhea, and sometimes hematochezia
further support the idea that the range of
cells, tissues, and organs directly involved
in the viral infection extends to the exo-
crine pancreas, gastrointestinal tract, and
liver.Diarrheaas a symptomwas reported
in 26.7% and 28.8%, and nausea and
vomiting in 24.4% and 20.5%, for
individuals $18 and $65 years old, re-
spectively (4). There is great concern that
transplant patients and patients with im-
munologically mediated immune and in-
flammatorydisorders suchas inflammatory
bowel disease, cirrhosis of the liver, or
chronic exocrine pancreatic disease may
be affected adversely. Further, there is
little information to determine whether
specific therapeutic agents, particularly
anti-inflammatory, immunosuppressive,
and specific drugs and biologics targeted
at the immune system increase risk or
perhaps even are protective. Important
research questions include the following:
What are the risks in patients with viral
hepatitis taking antiviral drugs or who are
coinfected with HIV? Are there dietary or
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nutritional measures that are beneficial
or detrimental? In procedure-oriented
specialties such as gastroenterology,
invasive procedures such as endoscopy
may present high risks to health care
workers; when and how should urgent
procedures be performed? When elec-
tive procedures resume for impor-
tant unrelated health reasons, such as
screening colonoscopy, how will they
be conducted safely? As we consider
research opportunities in these areas,
it is important to note that research
questions regarding the endocrine sys-
tem in diabetes and metabolic diseases
and physiological and pathological re-
sponses of the digestive system are
tightly intertwined.
Given the observations reported

above, it is important that NIDDK re-
spond with research opportunities to
address COVID-19. In this regard, as
part of a coordinated National Institutes
of Health (NIH) effort, NIH is providing
funding to support many available re-
search opportunities related to address-
ing the COVID-19 crisis (14). As part of
this effort, NIDDK has published a fund-
ing opportunity, “Notice of Special In-
terest (NOSI): Availability of Urgent
Competitive Revision Supplements on
Coronavirus Disease 2019 (COVID-19)
within the Mission of NIDDK” (see
NOT-DK-20-018 in [14]). The purpose
of this NOSI is to highlight the urgent
need for research on COVID-19 for dis-
eases in the mission of NIDDK. NIDDK is
particularly interested in projects focus-
ing on the direct action of the virus on
kidney, gastrointestinal tract function,
and the endocrine/metabolic system
as well as the collection of biosamples
that will inform the understanding of
renal, gastrointestinal, and endocrine/
metabolic sequelae of viral infection.
Pilot clinical studies (observational and
interventional) that support the under-
standing or treatment of COVID-19–
related diseases within the mission of the
NIDDK are also of interest.
As outlined for the NOSI, the following

are areas of research interest for NIDDK:

c Collection of biosamples that could
inform the pathogenesis of COVID-
19–associated kidney, gastrointesti-
nal, or endocrine/metabolic diseases.

c Studies to gather data from health care
systems and ongoing clinical trials to

better understand whether patients
with COVID-19 and diseases in the mis-
sion of NIDDK have different outcomes
based on underlying disease factors or
therapies for their condition.

c Studies to identify risk factors that
could lead to modification of therapy
in high-risk individuals such as patients
with AKI, organ transplantation, dia-
betes, inflammatory bowel disease,
and other diseases within the mission
of NIDDK that are treated with im-
munomodulators or biologic pathway
inhibitors.

c Studies to identify novel pathogenic
pathways and potential translational
targets for the development of kid-
ney, gastrointestinal, and endocrine/
metabolic diseases associated with
COVID-19 infection using relevant
in vitro and in vivo studies of the
kidney, gastrointestinal, or endo-
crine/metabolism system.

c Pilot clinical studies designed to un-
derstand the natural history of
COVID-19–related AKI and gastroin-
testinal or endocrine/metabolic dis-
eases or to evaluate interventions to
prevent or treat COVID-19–induced
AKI and digestive or endocrine/met-
abolic disorders.

As the research community emerges
from the crisis situation, there should be
renewed efforts for multidisciplinary re-
search to conduct integratedbasic, trans-
lational, and clinical studies aimed at
greatly increasing the knowledge base
to understand how both the current
COVID-19 threat and future health
threats affect both healthy people and
people with chronic diseases and con-
ditions. We are hopeful that funding
research in the above targeted areas
will contribute greatly to addressing
the paucity of data that currently exists
for COVID-19 and to increase the un-
derstanding of mechanisms operable for
diseases in themissionofNIDDKthatmay
modulate viral pathogenesis. Evidence
generated at this time point will be critical
when informing on future preventive and
therapeutic measures.
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