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Abstract

Background: Patients with hyperglycemia during hospitalization, especially during ICU hospitalizations, often have worse
outcomes, even if they do not have a premorbid diagnosis of diabetes. High glucose levels can provide insight into the
underlying pathogenesis of a disease and can contribute to tissue injury. Some patients with COVID-19 have hyperglycemia
during hospitalizations. Methods: The Infectious Disease and Control office at University Medical Center in Lubbock,
Texas, provided a list of patients with a COVID-19 infection hospitalized between March | and May 15, 2020. The medical
records were reviewed to collect information on age, gender, history of diabetes, and glucose levels on admission and
through the first 7 days of hospitalization. Results: This study included 63 patients with a mean age of 62.1 = |4.] years.
Thirty-five patients (55.6%) were males. The in-hospital mortality rate was 30.2%. The mean admission glucose level was
129.4 = 57.1 mg/dL in patients who survived (N=47) and 189.6 = 112.2mg/dL in patients who died during hospitalization
(N=16, P=.007). An admission glucose greater than 180 mg/dL predicted mortality in a model adjusted for a diabetes, age,
and male gender. The mean differences between the maximum and minimum glucose levels calculated over the first 7 days
of hospitalization were 112.93 = [15.4 (N=47) in patients who survived and were 240.5 +=97.7 (N=15) in patients who
died during hospitalization (P=.0003). A difference between the maximum and minimum glucose level greater than 105 mg/
dL was associated with increased mortality. Conclusions: Patients who died during hospitalization for COVID-19 had
higher admission glucose levels than patients who survived. Larger differences between maximum and minimum glucose
levels during the first 7 days of hospitalization were associated with increased mortality. These results suggest that high
glucose levels identify patients at increased risk for mortality and warrant more study.
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failure.* The formation of advanced glycation end products
modifies the extracellular matrix and can cause pro-inflam-
matory responses after binding to receptors on cells, such
as macrophages.’ In infections with the possibility of sys-
temic involvement, hyperglycemia may result from direct

Introduction

Admission glucose levels have significant associations with
outcomes in hospitalized patients, and high glucose levels
predict increased lengths of stay and increased mortality.'?
In patients with sepsis, hyperglycemia predicts increased
mortality and the development of organ dysfunction.’?

These high glucose levels may identify prehospitalization
comorbidity, such as diabetes or adverse effects from drugs
such as corticosteroids, and/or can represent an acute stress
response associated with severe illness. Hyperglycemia has
direct metabolic consequences, including changes in elec-
trolytes and osmotic diuresis, and contributes to the patho-
genesis of diseases, such as sepsis and acute respiratory
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infection of the pancreas. Consequently, analysis of glucose
patterns and levels in patients with COVID-19 seems
important to determine whether or not the hyperglycemia is
a risk factor for poor outcomes and whether or not the fre-
quent development of hyperglycemia warrants more study
of pancreatic tissue for direct viral involvement. This study
analyzes the association between admission glucose levels
and glucose fluctuations during hospitalization and mortal-
ity in patients hospitalized with COVID-19.

Methods

Medical Record Review

A list of patients with COVID-19 infections established by
PCR tests was obtained from the Infection Control and
Prevention Office at University Medical Center in Lubbock,
Texas. The PCR tests used in our hospital include Xpert®
Xpress SARS-CoV-2 (Cepheid, Sunnyvale, CA), The BD
SARS-CoV-2 Reagents for BD MAX™ System (Becton,
Dickinson and Company, Sparks, Maryland), and The
DiaSorin Molecular Simplexa™ COVID-19 Direct
real-time RT-PCR (DiaSorin Molecular LLC, Cypress,
California). The timeframe for hospitalization for these
patients ranged from March 1, 2020, through a May 15,
2020, discharge date. Medical records were reviewed to
determine demographic characteristics, the initial site of
hospitalization (inpatient ward service versus intensive care
unit), and the mortality outcome. Multiple glucose levels
were recorded, including the admission glucose level and
the maximum and minimum glucose levels through day 7 of
hospitalization. The range in glucose values was calculated
by subtracting the minimum glucose value from the maxi-
mum glucose value for each patient for all patients who had
at least 2 glucose readings. One deceased patient had only 1
glucose reading recorded and was excluded from analysis
of glucose range. Hyperglycemia at admission was defined
as glucose =180mg/dL. Glucose range is dichotomized at
the median of 105 mg/dL.

Statistical Analysis

Statistical analysis was performed using Stata 15.1. Results
were summarized using means and standard deviations,
medians and interquartile ranges, and numbers with per-
centages. Differences in glucose levels between patients
who died and patients who survived were compared using
t-tests. Logistic regression is used to predict the dichoto-
mous variable indicating mortality. Statistical significance
was set at o <.05.

Study Approval

This study was approved by the Institutional Review Board
(L20-172) at Texas Tech University Health Sciences Center
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Figure . lllustrates the admission glucose levels in patients
admitted to an inpatient hospital ward (A) and patients admitted
to the medical intensive care unit (B).

in Lubbock, Texas, and by administrative review at
University Medical Center in Lubbock, Texas.

Results

This study included 63 patients with a mean age of
62.1 = 14.1years. Thirty-five patients (55.6%) were males.
The in-hospital mortality rate was 30.2%. The mean length
of stay was 10.2 days.

The mean admission glucose level was 129.4 = 57.1 mg/
dL in patients who survived hospitalization (N=47) and
189.6 = 112.2mg/dL in patients who died during hospital-
ization (N=16, P=.007). Figure 1 illustrates the admission
glucose values in patients admitted to an inpatient hospital
service (A) and in patients admitted to the medical intensive
care unit (B). The admission glucose level as a continuous
variable did not predict mortality in a multivariable model
that included a history of diabetes, age, and male gender
(Table 1). An admission glucose of 180mg/dL or greater
was associated with 9-fold higher odds of mortality in a
model adjusted for the same variables (Table 1). The maxi-
mum glucose level during the first 7 days of hospitalization
was 204.2 = 112.5mg/dL in patients who survived hospital-
ization (N=47) and 297.2 = 108.6 mg/dL in patients who
died during hospitalization (N=16, r=—2.88, P=.000).

The mean glucose range was 112.93 = 115.4mg/dL
(N=47) in patients who survived hospitalization and was
240.5+97.7mg/dL (N=15) in patients who died during
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Table |I. Association Between Admission Glucose Values and Mortality.

OR 95% CI P value
Admit glucose value (continuous) 1.01 1.00, 1.02 .105
Diabetes 2.8l 0.67, 11.79 157
Age 1.05 0.99, I.11 .085
Male 3.90 0.85, 17.84 .079
Pseudo r-squared=0.20
Admit glucose = 180 mg/dL 9.45 1.71, 52.32 O0l*
Diabetes 1.74 0.36, 8.34 491
Age 1.07 1.00, 1.14 .04
Male 4.09 0.84, 19.79 .08

Pseudo r-squared=0.27

*Bold numbers are less than 0.05.

Table 2. Adjusted Logistic Regression Odds Ratios for Glucose
Range as a Predictor of Mortality in COVID-19 Patients.

OR 95% ClI P value
Range (max-min glucose) 1.0l 1.00, 1.01 .007%
Age 1.02 0.96, 1.07 .545
Male 5.6l 0.99, 31.60 .051
Pseudo r-squared=0.25
Range = 105 mg/dL 20.35 2.33,177.72 .006
Age 1.03 0.97, 1.09 337
Male 7.01 1.12,43.70 .037

Pseudo r-squared=0.32

N =62; *bold numbers represent P values less than .05.

hospitalization (P=.0003). A glucose range greater than or
equal to the median of 105mg/dL was associated with
higher odds of mortality in the model adjusted for age and
male gender (Table 2). Diabetes status was dropped from
the models due to multicollinearity with glucose range. The
odds ratio for glucose range =105 mg/dL is extremely large
but reflects the substantial variation in mortality between
individuals with ranges above and below that value. The
mortality rate in patients with glucose range <105 mg/dL
was 3.3% (N=30); the mortality rate in patients with a
glucose range =105mg/dL was 43.8% (N=32, t=—4.14,
P=.001). The mean variability in glucose levels over
the first 7 days of hospitalization are illustrated in Figure 2A
for patients admitted to an inpatient service and Figure 2B
for patients admitted to the medical intensive care unit.

Discussion

Our results indicate that high admission glucose levels, high
glucose levels during the first 7 days of hospitalization, and
wide glucose ranges during the first 7 days of hospitaliza-
tion are associated with increased mortality. These results
suggest that patients with poor glucose control may be at

risk for poor outcomes and warrant consideration in studies
on the disease course and the distribution of tissue infection
in COVID-19. An admission glucose level greater than
180 mg/dL provides a single number of clinicians can use to
identify high risk patients.® The median value for glucose
range (or variability) in our data, 105mg/dL, is somewhat
arbitrary, but it provided a clear dividing line for mortality
risk, with only 1 patient with glucose range below that value
dying during the study period.

Wang et al retrospectively reviewed the outcomes of
COVID-19 patients admitted to 2 hospitals in China.” This
study included 605 patients; 114 died in the hospital. Cox
regression analysis showed that age, male gender, CRB
65 scores (a clinical prediction rule for the severity of com-
munity-acquired pneumonia), and fasting blood glucose
levels greater than 7mmol/L (126 mg/dL) were indepen-
dent predictors of 28-day mortality. Fasting blood sugar
also predicted in-hospital complications, including acute
cardiac injury, acute kidney injury, acute liver injury, cere-
brovascular accident, coagulopathy, and secondary bacte-
rial infection. This study excluded patients with a premorbid
diagnosis of diabetes and included only patients who had a
glucose level measured within 24h of admission after at
least an 8-h fast. Our analysis used admission nonfasting
glucose levels.

Bode et al analyzed information collected by an insulin
software titration company that maintains a very large data-
base of clinical and glycemic data in hospitalized patients.®
Point-of-care glucose levels are transmitted and stored for
all patients on contracted hospital units. This study included
1122 patients with COVID-19, including 194 with diabetes
and 257 with uncontrolled glucose levels defined by a blood
glucose greater than 180mg/dL X 2 in a 24-h period. The
admission glucose level was 202mg/dL in this subset of
patients and was 114mg/dL in the other patients. Patients
with diabetes and uncontrolled hyperglycemia had a mor-
tality rate of 28.8% compared to a mortality rate of 6.2% in
other patients. They also had an increased length of stay.
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Figure 2. Plots the mean maximum and mean minimum
glucose level over the first 7 days of hospitalization in patients
admitted to an inpatient hospital ward (A) and patients admitted
to the medical intensive care unit (B).

These results suggest that acute hyperglycemia is possibly
an independent risk factor for death and suggest that man-
agement goals should aim for a glucose level of less than
180 mg/dL. Iacobellis et al analyzed the association between
daily glucose levels and semi-quantitative radiographic
scores ranging from 0 to 3 in patients with COVID-19.° In
simple regression analysis the average daily blood glucose
was positively correlated with the daily radiographic score.
These authors suggested that acute hyperglycemia might
contribute to abnormal inflammatory and immune responses
and consequently the development and progression of
ARDS in these patients. The editorial associated with this
article suggested that rapid blood glucose control should be
mandatory in these patients.!” Although our data suggest
substantially lower mortality rate in individuals with better
glucose control, these individuals may have had better over-
all health prior to admission to the hospital. Therefore, it is
unknown whether more aggressive management of hyper-
glycemia would directly impact survival in patients with
COVID-19.

Chan and colleagues reported 6 patients who presented
with diabetic ketoacidosis and hyperosmolarity with
COVID-19."" The median age was 50, all patients were
male, 3 patients were Hispanic, and 3 patients were African-
American. The admitting glucose levels ranged from 604 to
1130mg/dL; the admitting bicarbonate levels ranged from

less than 5 to 11 meq/L. Four patients died. Coronavirus 2
could cause direct effects on the pancreas through infection,
or it could inhibit insulin secretion through down-regulation
of angiotensin converting enzyme 2 activity.

Liu and colleagues reviewed bulk RNA-seq data from
GTEx to determine whether or not angiotensin-converting
enzyme 2 is expressed in the pancreas.'? They found that
this enzyme was expressed more in the pancreas than in
the lung and that it was present in both exocrine glands
and islets. Consequently, it is reasonable to think that the
coronavirus 2 can infect the pancreatic cells and could
cause significant injury and reduce insulin production.
Yang identified ACE2 receptor staining in the lung, heart,
kidney, and islets of pancreas in patients who died during
the SARS epidemic.'3 Wang et al reported that 9 of patients
out of 52 patients with COVID-19 pneumonia had a pan-
creatic injury.'* These patients have a higher incidence of
anorexia and diarrhea. Lipase level range from 45 to
124 U/L; amylase level ranged from 84 to 149 U/L. Six of
the patients had abnormal glucose levels. These results
suggest that the virus can directly infect the pancreas.
Alternatively, they could reflect nonspecific inflammatory
responses in the pancreas associated with severe illness.

Glucose Effects

Acute hyperglycemia can have important metabolic effects.
High glucose levels lead to an osmotic diuresis with electro-
lyte loss and hypovolemia and can inhibit host defenses. '
Hyperglycemia stimulates the synthesis of advanced glyca-
tion end products which in turn bind to proteins, lipids, and
cellular membranes.'® Binding to cellular membranes could
lead to endothelial dysfunction. Fluctuations in glucose lev-
els in vivo using glucose clamp methods increase oxidative
stress and endothelial dysfunction.!” These effects could
explain the association between glucose levels and radio-
graphic infiltrates reported in the study by Iacobellis et al.’
Studies on the adverse outcomes associated with hypergly-
cemia have analyzed admission glucose levels, peak glucose
levels during hospitalization, glucose variability during
hospitalization, and the percent of glucose levels in a given
target range.'® Large databases with COVID-19 patients
have the potential to study many of these associations.

Limitations

This study involved a relatively small number of patients
admitted to 1 hospital. A prior diagnosis of diabetes was
identified through medical record review, and hemoglobin
Alc levels were not obtained. Patients on non-ICU hospital
services were managed by multiple physicians, and there
was no standard protocol for the management of hyper-
glycemia. Patients who died soon after hospitalization had
potentially fewer glucose readings to calculate their ranges,
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and this could bias comparison to glucose ranges in those
who survived. However, given that ranges were signifi-
cantly higher in patients who died, this possible bias did not
seem to have a substantial effect.

Conclusion

Glucose levels are readily available laboratory tests which
have important clinical implications in patients with COVID-
19. In our cohort of patients with COVID-19, high glucose
levels appear to represent a risk factor for mortality. High
glucose levels also indicate the need for more studies on the
pathogenesis of pancreatic dysfunction and on insulin levels
in patients with this viral infection. It is unknown whether
more stringent glucose control would contribute to better
survival in COVID-19 patients, but this study highlights
that individuals with hyperglycemia at admission and wide
glucose range during hospitalization may be at increased
risk for poor outcomes with COVID-19. Management pro-
tocols to keep glucose levels in a “safer” range, possibly 140
to 180mg/dL, might improve outcomes.®

Declaration of Conflicting Interests

The author(s) declared no potential conflicts of interest with
respect to the research, authorship, and/or publication of this
article.

Funding

The author(s) received no financial support for the research,
authorship, and/or publication of this article.

ORCID iDs

Sanjana Rao " https://orcid.org/0000-0002-1859-5749

Jeff Dennis https://orcid.org/0000-0003-0264-3635
Kenneth Nugent (/2 https://orcid.org/0000-0003-2781-4816

References

1. Mcgrade P, Yang S, Nugent K. The association between
admission glucose levels and outcomes in adults admitted
to a tertiary care hospital. J Community Hosp Intern Med
Perspect. 2019;9:195-202.

2. Sotello D, Yang S, Nugent K. Glucose and lactate levels
at admission as predictors of in-hospital mortality. Cureus.
2019;11:¢6027

3. Nugent K, Edriss H, Selvan K. Hyperglycemia and outcomes
in patients with sepsis. J Thorac Dis. 2016;8:ES75-E577.

4. van Vught LA, Wiewel MA, Klein Klouwenberg PM, et al.
Admission hyperglycemia in critically ill sepsis patients:

10.

11.

12.

13.

15.

16.

17.

18.

association with outcome and host response. Crit Care Med.
2016;44:1338-1346.

. Li J, Huang M, Shen X. The association of oxidative stress

and pro-inflammatory cytokines in diabetic patients with
hyperglycemic crisis. J Diabetes Complications. 2014;28(5):
662-666.

. Umpierrez GE, Pasquel FJ. Management of inpatient hyper-

glycemia and diabetes in older adults. Diabetes Care. 2017;
40:509-517.

. Wang S, Ma P, Zhang S, et al. Fasting blood glucose at

admission is an independent predictor for 28-day mortality in
patients with COVID-19 without previous diagnosis of dia-
betes: a multi-centre retrospective study. Diabetologia. 2020.
doi: 10.1007/s00125-020-05209-1.

. Bode B, Garrett V, Messler J, et al. Glycemic characteris-

tics and clinical outcomes of COVID-19 patients hospital-
ized in the United States. J Diabetes Sci Technol. 2020;14:
813-821.

. lacobellis G, Penaherrera CA, Bermudez LE, et al. Admission

hyperglycemia and radiological findings of SARS-CoV2 in
patients with and without diabetes. Diabetes Res Clin Pract.
2020;164:108185.

Ceriello A. Hyperglycemia and the worse prognosis of
COVID-19. Why a fast blood glucose control should be man-
datory. Diabetes Res Clin Pract. 2020;163:108186.

Chan KH, Thimmareddygari D, Ramahi A, et al. Clinical char-
acteristics and outcome in patients with combined diabetic
ketoacidosis and hyperosmolar hyperglycemic state associated
with COVID-19: a retrospective, hospital-based observational
case series. Diabetes Res Clin Pract. 2020;166:108279.

Liu F, Long X, Zhang B, et al. ACE2 expression in pancreas
may cause pancreatic damage After SARS-CoV-2 Infection.
Clin Gastroenterol Hepatol. 2020;18:2128-2130.¢2.

Yang JK, Lin SS, Ji XJ, et al. Binding of SARS coronavirus
to its receptor damages islets and causes acute diabetes. Acta
Diabetol. 2010;47:193-199.

. Wang F, Wang H, Fan J, et al. Pancreatic injury patterns in

patients with coronavirus disease 19 pneumonia. Gastro-
enterology. 2020;159:367-370.

Jafar N, Edriss H, Nugent K. The effect of short-term hyper-
glycemia on the innate immune system. Am J Med Sci. 2016;
351:201-211.

Edriss H, Molehin AJ, Selvan K, et al. Advanced glycation
end products and glycosaminoglycans in patients with dia-
betic ketoacidosis. J Investig Med. 2020;68:738-742.
Ceriello A, Esposito K, Piconi L, et al. Oscillating glucose is
more deleterious to endothelial function and oxidative stress
than mean glucose in normal and type 2 diabetic patients.
Diabetes. 2008;57:1349-1354.

Aramendi I, Burghi G, Manzanares W. Dysglycemia in the
critically ill patient: current evidence and future perspectives.
Rev Bras Ter Intensiva. 2017;29:364-372.


https://orcid.org/0000-0002-1859-5749
https://orcid.org/0000-0003-0264-3635
https://orcid.org/0000-0003-2781-4816

