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Commentary

Introduction

Hyperglycemia in hospitalized Coronavirus Disease 2019 
(COVID-19) patients is common and leads to worse out-
comes. Despite this, hyperglycemia is infrequently measured 
as a factor affecting outcomes in clinical trials of COVID-19 
treatments. In this two-part commentary, in part one we dis-
cuss three topics related to the intersection of these two dis-
eases: (1) mechanisms of how the pathophysiology of both 
COVID-19 and diabetes overlap and lead to to worse out-
comes than for patients without diabetes, (2) the assessment 
of glycemia in current research on treatments for COVID-19, 
and (3) a proposal that diabetes and glycemia be considered 
significant risk factors worthy of being stratified for out-
comes of clinical trials of treatments for COVID-19. This 
proposed approach to antiviral treatments will be useful for 
managing diabetes patients with COVID-19 and potentially 
future pandemic viral infections as well.

Diabetes and Hyperglycemia are Risk 
Factors for Adverse Outcomes in 
COVID-19

Diabetes and hyperglycemia are common in hospitalized patients 
with COVID-19. The hospital mortality of COVID-19 with 

diabetes and stress-induced hyperglycemia is approximately 
30% and 40%, respectively.1,2 The prevalence of COVID-19 
patients with diabetes is not different from the prevalence of dia-
betes in the general population.3 However, when a person with 
diabetes develops COVID-19, their risk of severe morbidity is 
approximately three times higher than in the general population.4 
From a series of 1122 COVID-19 patients in 88 U.S. hospitals, 
we reported in 2020 that the mortality rate was 28.8% for diabe-
tes and/or uncontrolled hyperglycemia patients, compared with 
6.2% for patients without diabetes or hyperglycemia.5 We also 
reported that stress hyperglycemia (defined as being present 
when two or more BGs > 180 mg/dL occurred within any 
24-hour period with an A1C < 6.5% or no A1C testing during 
hospitalization), compared to known diabetes, has ~threefold 
higher mortality (41.7% compared to 14.8%).5 These findings 
for hospitalized COVID-19 patients represented a fourfold 
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increase in mortality with diabetes and a sevenfold increase with 
stress-induced hyperglycemia compared to those with neither.5 A 
pair of 2021 meta-analyses on the effects of hyperglycemia on 
complications of COVID-19 both concluded that, compared to 
normoglycemic patients, hyperglycemic patients had a higher 
risk of mortality and poor outcomes.6,7

Relationship Between Hyperglycemia 
and COVID-19 Morbidity and Mortality

What is the reason for the increased mortality of COVID-
19 in the presence of diabetes? Is the problem caused by 
hyperglycemia and attendant systems breakdown from glu-
cotoxicity, or are the elevated glucose levels a manifesta-
tion or epiphenomenon of being severely ill with COVID-19 
and an effect rather than a cause of the increased risk of 
mortality?

A recent multicenter, retrospective hospital-based analy-
sis of 1544 diabetes patients with COVID-19 from 91 hos-
pitals in 12 states in the United States examined this 
question. An association was sought between achieving 
inpatient glycemic control and clinical outcomes in hospi-
talized patients with COVID-19.8 This relationship was 
assessed in a context of whether achieved glycemia within 
a window where traditional glycemic goals can be met (2–
3 days for non-ICU patients or within 24 hours for those 
directly admitted to the ICU) would better predict outcomes 
than admission glycemia. The study found that: (1) the gly-
cemia value at 2–3 days predicted mortality better than 
baseline values for non-ICU admissions but not for direct 
ICU admissions, and (2) reaching a mean glucose level of 
140-180 mg/dl was associated with lower mortality than 
higher levels of glycemia (>250 mg/dl). This analysis did 
not account for the heterogeneity of treatment regimens, 
which may have been different between ICU settings and 
across various health systems. Although this study demon-
strated that treatment to achieve glycemic goals should be 
effective in improving morbidity and mortality, the analysis 
could not discern which specific COVID-19 antiviral treat-
ments were more or less likely to be effective in the pres-
ence of stress-induced hyperglycemia.

Mechanisms of Morbidity Due to 
COVID-19

Multiple mechanisms have been hypothesized to be respon-
sible for the morbidity and mortality of COVID-19. Each is 
a potential target for treatments or vaccinations. In each case, 
hyperglycemia may exacerbate the mechanism to increase 
the risk of poor outcomes. Seven mechanisms that can influ-
ence the infectivity of the SARS-CoV-2 (severe acute respi-
ratory syndrome coronavirus 2) virus are listed in Table 1.

Multiple underlying mechanisms explain the poor out-
come of COVID-19 in patients with hyperglycemia and 

diabetes. SARS-CoV-2 uses ACE2 receptors to enter affected 
cells.11 Diabetes can increase the expression of ACE2, which 
could increase susceptibility to infection by this virus.12 The 
cell membrane-bound enzyme furin cleaves the COVID-19 
spike protein at a cleavage site between its S1 and S2 sub-
units, which is a process that is required for viral entry into 
cells.13 Following cleavage, fusion of the spike protein is acti-
vated by a second membrane-bound enzyme, TMPRSS2, that 
cleaves a site on the S2 subunit called the S2’ site.14 Plasma 
levels of shed furin in the circulation correlate with blood glu-
cose levels and predict type 2 diabetes development.15 Little 
is known about whether TMPRSS2 activity is affected by dia-
betes, but increased circulating plasma concentrations of the 
serine protease enzyme, granzyme B, have been found in type 
2 diabetes.16 Glycosylation of the ACE2 receptor and the 
SARS-CoV-2 spike protein increases the binding of the 
SARS-CoV-2 to that receptor.17 The hyperglycemia of diabe-
tes might increase the glycosylation of ACE2 receptors18 or of 
the SARS-CoV-2 spike protein, which utilizes a glycan shield 
to thwart the host immune response and contribute to 
increased binding of this virus19 and lead to worse outcomes.20 
SARS-CoV-2 can cause inflammation of vascular endothelial 
cells, which can, in turn, activate coagulation pathways, caus-
ing the formation of microthrombi in blood vessels. Type 2 
diabetes is also associated with endothelial dysfunction and 
platelet aggregation, which can also cause a hypercoagulable 
state.21 A high affinity between human dipeptidyl peptidase 4 
(DPP4), a cell-surface protease that cleaves dipeptides, and 
the spike protein of SARS-CoV-2 has been reported, which 
has led to this enzyme to be considered as a candidate binding 
target for the spike protein.22 There is limited evidence of 
increased circulating levels of soluble DPP4 receptors in dia-
betes,23 as well as little evidence, but no strong evidence to 
date, that this receptor is a significant target of the SARS-
CoV-2 virus.24,25 Innate immunity is an immediate first line 
non-specific reponse to pathogens by natural killer cells, 
macrophages, granulcytes and dendridic cells. Adaptive 
immunity is a delayed secondline specific reponse to patho-
gens characterized by clonal expansion of lymphocytes. In 
both COVID-1926 and type 2 diabetes27 innate and adaptive 
immunity are impaired and lymphocytes and monocytes are 

Table 1.  Eight Mechanisms for Which There is Evidence 
that They Specifically Increase the Risk of Poor Outcomes in 
COVID-19 Patients with Diabetes.4,9,10

1.  Increased angiotensin converting enzyme (ACE) 2 receptors
2.  Increased plasma concentrations of furin
3. � Increased activity of transmembrane protease, serine 2 

(TMPRSS2)
4.  Glycosylation of ACE2 receptors
5.  A hypercoagulable state
6.  Binding to dipeptidyl peptidase (DPP4) receptors
7.  Impaired innate and adaptive immunity
8.  Inflammation and oxidative stress
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decreased in number and function.28-30 Patients with COVID-
19 infections have an exacerbated inflammatory response 
with increased serum levels of inflammatory markers, such as 
various cytokines, C-reactive protein, lactic dehydrogenase, 
ferritin, and D-dimer, all of which may result in cytokine 
storm.31,32 Hyperglycemia in patients with diabetes leads to 
an inflammatory state characterized by increased oxidative 
stress markers33 as well as increased macrophage production 
of pro-inflammatory cytokines,34 such as tumor necrosis  
factor-alpha (TNF α), interleukin (IL)-6 and IL-1β, and 
C-reactive protein.35 These inflammatory substances, in turn, 
lead to impaired insulin secretion as well as reduced insulin 
sensitivity.36 Furthermore, the increased inflammatory sub-
stances and reactive oxygen species can lead to capillary per-
turbation and cellular damage of lipids, membranes, proteins, 
and DNA.37

Treatments Directed at Mechanisms of 
Morbidity for COVID-19

Many treatments that modify or block molecular mecha-
nisms that promote SARS-CoV-2 infectivity (e.g., antivirals, 
anti-inflammatories, monoclonal antibodies, anticoagulants, 
and DPP4 Inhibitors) might be expected to affect people with 
diabetes differently than people without diabetes. This is 
because the major factors potentiating SARS-CoV-2 infec-
tivity are generally made worse by hyperglycemia and a 
diagnosis of diabetes. Likewise, many treatments for hyper-
glycemia and diabetes might be expected to favorably affect 
outcomes of COVID-19 infections because hyperglycemia 
potentiates many of the molecular factors that promote 
SARS-CoV-2 infectivity.

Treatment Bias

Trials of COVID-19 therapies have not accounted for sub-
groups of patients with and without diabetes or stress-hyper-
glycemia. It would be essential to know if there are differential 
treatment effects according to this important underlying 
patient characteristic. For example, including the largest clin-
ical trial to date, the RECOVERY trial, there have been no 
reports on outcomes according to glycemic control (although 
dexamethasone is known to worsen glycemia). A meta-analy-
sis of seven COVID-19 randomized controlled trials (RCTs) 
reported that corticosteroid use was associated with lower all-
cause mortality at 28 days after randomization.38 There was a 
subgroup analysis including important variables such as age, 
gender, and sex, but there is no mention of the effect of ste-
roids on glycemic control in this population, and the potential 
differential effect.

Given the possible impact of various treatments on: (a) 
glucose metabolism, (b) the immune response in a physio-
logical background affected by glucose or long-standing dia-
betes, or (c) the interaction with medications for diabetes that 
could modify the response to therapy or severity of illness, 

we recommend at least defining a-priori subgroup analyses 
that account for these important covariates in undergoing or 
future clinical trials.

Trials of COVID-19 therapies have not adjusted for gly-
cemia, which could have accounted for different outcomes in 
patients with/without diabetes and stress hyperglycemia. 
Diabetes and glycemic control are important confounders for 
outcomes in COVID-19, which have not been commonly 
accounted for in RCTs of therapies for COVID-19. Given the 
pervasiveness of hyperglycemia and diabetes and the lack of 
ability to control hyperglycemia well in the hospital, control-
ling for hyper and hypoglycemia would be an essential aspect 
of studies.

In the hospital trials, blood glucose data is stored in the 
electronic records on all patients. That data can be analyzed 
even now and correlated with outcomes. We believe that a 
worthy research project would be to obtain and combine data 
from a large set of trials of COVID-19 therapies and proceed 
with a secondary analysis of outcomes stratified according to 
the presence of diabetes and hyperglycemia. The study 
would assess whether patients with diabetes had better out-
comes or not and what was the impact of these interventions 
for COVID-19 on glycemic control.

Trials of Therapies for COVID-19

We present summaries of nine major clinical trials of antivi-
ral therapy for COVID-19 (see Table 2).39-46 In July 2020, 
The RECOVERY Trial reported benefits of a 10 day course 
of dexamethasone in patients requiring oxygen.39 Steroids 
have been shown to cause hyperglycemia in greater than 
50% of patients without diabetes and more than 80% of 
patients with diabetes.47 In patients with chronic obstructive 
pulmonary disease, one study showed that for every 18 mg/dl 
increase in glucose was an associated 15% increase in 
adverse events.48 In patients with sepsis, the 2008 CORTICUS 
trial concluded that the hyperglycemia related to steroids 
might have impacted mortality.49 Hypoglycemia is an impor-
tant variable as well, as patients with sepsis, hypoglycemia, 
and no diabetes have a higher mortality.50

Given the pervasiveness of hyperglycemia in the hospi-
tal,51,52 glycemic control should be ensured and reported. 
Additionally, is it possible that controlling for hyperglycemia 
and hypoglycemia could impact the results of COVID-19 
inpatient treatment studies? Perhaps even more favorably? 
These same comments can be made regarding any trial 
examining the impact of steroids, COVID-19 or not.

Hydroxychloroquine (HCQ) was studied extensively 
early in the pandemic, with RCTs showing no benefit for the 
use of HCQ in the hospital. Patients on HCQ had a higher in 
hospital mortality and were more likely to be ventilated.40 No 
record of hypoglycemia or hyperglycemia rates are men-
tioned in the study, though HCQ can impact glycemia by 
increasing the risk for hypoglycemia, and in longer-term 
studies, reducing the rate of diabetes incidence.53
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The ACCT-1 trial evaluated remdesivir in hospitalized 
patients with COVID-19, showing an improved recovery time 
but no mortality benefit.41 Diabetes at baseline was reported, and 

glucose levels were evaluated as an endpoint in the treatment 
protocol, as a safety measure, but hyperglycemia and hypoglyce-
mia rates were not accounted for as confounders. Elevated blood 

Table 2.  Major Antiviral Therapy Controlled Trials for COVID-19.

Study Comparison groups

Dexamethasone39 No oxygen Oxygen Ventilation

Diabetes on admission 22% 24% 25%
Hyperglycemia No mention No mention No mention
Hypoglycemia No mention No mention No mention

HCQ40

Diabetes on admission 27.4% 27.1%  
Hyperglycemia No mention No mention  
Hypoglycemia No mention No mention  

REMDESIVIR41 Treatment Placebo  

Diabetes on admission 31% T2D 30% T2D  
Hyperglycemia 6.4% 6.6%  
Hypoglycemia No mention No mention  
Blood glucose increased 7.3% 5.2%  

WHO SOLIDARITY (remdesivir, 
hydroxychloroquine, lopinavir, and 
interferon)42

All patients  

Diabetes 25% (2768/11 266)  
Hyperglycemia No mention  
Hypogycemia No mention  

Tocilizumab43 Treatment Placebo All 
patients

DM 28% 37% 31%
Glucocorticoids Not quantitated Not quantitated  
Hyperglycemia No mention No mention  
Hypoglycemia No mention No mention  

Convalescent plasma Li et al44 Treatment Placebo All 
patients

Diabetes on admission 17.3% 23.5%  
Glucocorticoids 45.7% 32.7%  
Hyperglycemia No mention No mention  
Hypoglycemia No mention No mention  

Convalescent plasma Simonovich et al45

Diabetes on admission 17.5% 20%  
Glucocorticoids 91.7% 96.2%  
Hyperglycemia 14.9% 17.1%  
Hypoglycemia 0.4% 0%  

ACTIV-3 monoclonal antibody46 Treatment Placebo  

Diabetes 33% 24%  
Glucocorticoids 49% 49%  
Hyperglycemia No mention No mention  
Hypoglycemia No mention No mention  
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glucose and hyperglycemia were separately noted, with no defi-
nitions reported, and a combined rate of 13.7% in the treatment 
arm and 11.8% in the placebo group. In this study, the data in the 
article’s Supplement Table 20 and the data in the article’s 
Supplement Table 1 show a significant number with diabetes 
(31% in treatment group) compared to a significantly lower 
number with hyperglycemia (13.7%).41 This incongruent finding 
leaves doubts in the assessment of diabetes and glycemia.

The SOLIDARITY Trial reported on 2750 patients receiv-
ing remdesivir, 954 patients receiving HCQ, 1411 lopinavir 
patients, and 2063 patients receiving interferon, with outcomes 
showing minimal to no impact on mortality, length of stay, or 
ventilator requirement.42 Baseline diabetes and corticosteroid 
use are reported, with no mention of glycemic outcomes.

Tocilizumab, an interleukin-6 (IL-6) receptor monoclonal 
antibody, was examined in an RCT of patients with severe 
SARS-CoV-2, in 243 patients, showing no impact on pre-
venting mechanical ventilation or death.43 In the Stone arti-
cle there was a greater percentage of diabetic patients in the 
placebo group (37% vs 28%) which could skew the data. 
Diabetes and glucocorticoid use was reported at baseline. 
However, no glycemic outcomes were reported, though 
inhibiting IL-6 can impact glycemia, by improving insulin 
sensitivity.54 In addition, patients with COVID-19, with 
hyperglycemia, have higher levels of IL-6, and a small anal-
ysis suggested that higher levels of IL-6 on admission mini-
mized the impact of IL-6 inhibitors.55

Convalescent studies have not shown clear benefits, though 
they continue to be used as treatments. An early trial of 103 
patients44 reported no clear benefit. In this trial, aside from dia-
betes status on admission, there is no mention of glycemic out-
comes. A more recent trial45 of severe COVID-19 pneumonia 
patients randomized to placebo or convalescent plasma also 
showed no clear benefit of plasma. They report hyperglycemia 
rates of less than 20%, though more than 90% were on steroids 
for treatment, and approximately 20% had diabetes.

An early 2021 randomized controlled trial of a neutralizing 
monoclonal antibody, with all patients receiving remdesivir 
and 49% receiving glucocorticoids, showed no benefit in hos-
pitalized patients with COVID-19.46 Diabetes was reported in 
33% of treatment patients and 24% of placebo patients, though 
no mention of hyperglycemia outcomes are reported.

Trials have evaluated the impact of full dose and thera-
peutic doses of anticoagulation. Many of them were halted 
because of worse outcomes with anticoagulants. Given the 
interaction of thrombosis and insulin resistance, and the 
more than twofold increased risk for venous thromboembo-
lism development in patients with diabetes,56 adjusting for 
diabetes and glycemia in these studies will be imperative as 
well.

Conclusions

Studies of treatments for COVID-19 have generally not con-
sidered glycemic control, diabetes status, or admission hyper-
glycemia when assessing the impact of the studied treatment. 

The high frequency of diabetes and its influence on outcome 
and mortality in hospitalized COVID-19 patients mandates a 
better understanding of the effectiveness of treatments specific 
for COVID-19 in patients with diabetes and newly diagnosed 
(stress) hyperglycemia.57 Therapeutic trials for COVID-19 
should evaluate the impact of novel interventions on glyce-
mic control and the potential interaction of these interven-
tions with diabetes/hyperglycemic status on treatment effect. 
Without accounting for glucose control in clinical studies of 
viral diseases, the effect of therapeutic antiviral agents will be 
questionable.

In conclusion, we believe that stratified data from large clin-
ical trials may help identify and individualize treatment options 
for the vulnerable diabetes population. This approach to seek-
ing antiviral treatments that provide optimal outcomes for dia-
betes patients will be useful for COVID-19 and will probably 
be useful in the event of any future pandemic infections.
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