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Diabetes emerged as major risk factor for severe acute respiratory syndrome (SARS) and
adverse outcome in patients with the coronavirus disease 2019 (COVID-19). Nevertheless,
the role of admission hyperglycemia in patients with COVID-19 has not been well-
explored, yet. With this retrospective analysis, we report for the first time that hyper-

glycemia on day-1 is the best predictor of radiographic imaging of SARS-CoV2, regardless

of the past medical history of diabetes. Admission hyperglycemia should not be over-

Keywords: looked, but adequately treated to improve the outcomes of COVID-19 patients with our
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) without diabetes.
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1. Introduction explored, yet. In this report we sought to evaluate the correla-

Diabetes emerged as major risk factor for severe acute respi-
ratory syndrome (SARS) and adverse outcome in patients
with the coronavirus disease 2019 (COVID-19) [1-5]. Diabetes
is characterized by chronic hyperglycemia affecting the
immune response to the coronavirus. However, acute or
stress hyperglycemia may lead to further complications in
COVID-19 patients, irrespectively of a past history of diabetes.
Stress-induced hyperglycemia is a well-described body’s
response and maladaptive mechanism. An early report from
Wuhan, China, described hyperglycemia in 51% of the
patients with COVID-19. Nevertheless, the role of admission
hyperglycemia in patients with COVID-19 has not been well-

tion of admission glucose levels with clinical and imaging res-
piratory parameters in COVID-19 patients with our or without
diabetes.

1.1. Population and data collection

We retrospectively collected data from 85 patients with
laboratory-confirmed COVID-19 infection who were admitted
at UHealth Tower (UHT), University of Miami Hospital
between March 4 and April 4, 2020. A confirmed case of
COVID-19 was defined by a positive result on a reverse-
transcriptase-polymerase-chain-reaction (RT-PCR) assay of a
specimen collected on a nasopharyngeal swab. Clinical
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specimens for COVID-19 were obtained in accordance with
Centers for Disease Control and Prevention (CDC) guidelines
[6]. We included only laboratory-confirmed cases.

Deidentified data from UHT electronic medical records
were collected. We obtained demographic data, information
on clinical symptoms or signs at presentation, and laboratory
and radiologic results during 5 days of hospital admission. All
laboratory tests and chest radiography of the chest, were per-
formed at as per hospital COVID-19 protocol.

CXRs and standard laboratory tests, including multiple
blood glucose levels, plasma interleukin-6 (IL-6), c reactive
protein (CRP), ferritin and D-dimer were collected from day-
1 to day-5 from each patient.

Acute respiratory distress syndrome (ARDS) was defined
as acute-onset hypoxemia with bilateral pulmonary opacities
on chest imaging that were not fully explained by congestive
heart failure or other forms of volume overload [2]. Chest
radiograms (CXR) changes were scored as followed: 0 = clear,
1 = focal opacity, 2 = multifocal opacity; 3 = bilateral pul-
monary opacities suggestive of ARDS.

CXRs were obtained in the antero-posterior orientation
using one of two portable chest x-ray machines, the Mobilett
Mira Max by Siemens Healthineers or the AccE GM85 by Sam-
sung Electronics. The detector plate was placed behind the
back of the patient while supine, with the beam penetrating
from anterior to posterior. Arms were kept at the sides of
the chest and the patient was asked to do a suspended inspi-
ration, whenever possible

1.2.  Statistical analysis

Continuous variables are presented as means with their stan-
dard deviations (SDs) or medians for skewed data. Relations
between study variables were calculated using bivariate
regression analysis with Pearson or Spearman (rho) coeffi-
cient for skewed data with two-tailed p < 0.05 indicating sta-
tistical significance. Statistical analysis was performed using
SPSS 26, Armonk, NY: IBM Corp.

2. Results

In summary, patients’ age ranged from 31 to 95 years old with
an average of 65 years old, with more men than women (49 vs
36). Twenty-seven out of 85 patients had past medical history
for diabetes (32%), 16 patients were on oral anti-diabetic
agents, including metformin, dipeptidyl peptidase 4 (DPP4)-
inhibitors and sulfonylureas; 7 on a combination of insulin
and orals and 3 were on only insulin therapy. Average blood
glucose levels on day-1 was 166 + 81 mg/dl with range
between 65 and 423 mg/dl. HemoglobinAlc was also collected
and found to range from 5.7 to 15.2% with a median of 7%.
Patients were started on subcutaneous fast acting (lispro)
and long acting (glargine) insulin, as per hospital protocol.
Daily average blood glucose levels improved accordingly,
Fig. 1. Total daily insulin units was small ranging from 5 to
15 units daily. Five patients died during the 5 days of
admission.

In a simple regression analysis daily average blood glucose
was positively correlated with daily CXR findings of ARSD
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Fig. 1 - Glucose changes during the admission in COVID-19
patients with or without diabetes.

(r = 0.46, p = 0.03 for day-1; r = 0.46, p = 0.05 for day 2 and
r = 0.75, p = 0.03 for day 4, respectively). BMI was significantly
correlated with day-1 CXR. The correlation between age and
chest radiography was not quite statistically significant
(r = 0.2, p = 0.09). None of the other parameters correlated
with chest radiography. Hence, blood glucose, BMI and age
were entered in a multiple regression model to identify the
best independent correlate of chest radiographic score, our
dependent variable. Day-1 average blood glucose was the
strongest independent variable predicting SARS-CoV2 radio-
graphic imaging. Glucose remained the best predictor, also
when body temperature was entered in the model (Table 1).
Interestingly, 4 out of 5 patients who were taking DPP4i prior
to the admission had normal CXR on admission day-1. Fig. 2
shows the striking CXR differences between a sample patient
with normal glucose and one with hyperglycemia on admis-
sion day-1. None of these patients had history of diabetes.

3. Discussion

This reports highlights for the first time that admission
hyperglycemia is the best predictor of radiographic imaging

Table 1 - Predictors of SARS-CoV2 chest radiography in

patients with or without diabetes.

Model 1 B Std. Error Beta t Sig.

Age —0.017 0.016 —0.255 -1.083 0.307
BMI —0.012 0.034 —0.083 -0.354 0.732
Glucose 0.015  0.004 0.800 3.754  0.005
Model 2 B Std. Error Beta t Sig.

Age —0.017 0.012 —0.253 -1.443 0.187
BMI —0.013 0.025 —0.091 -0.522 0.616
Glucose 0.017  0.003 0.912 5595 0.001
Temperature 0.425  0.147 0.457 2.884  0.020

Multiple regression analysis models with chest radiographic score
as dependent variable and age, body mass index (BMI), average
daily glucose levels at day 1 (Glucose) and body temperature at day
1 as independent variables; p < 0.05 was considered statistically
significant (Sig).
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Fig. 2 - (A) anterior-posterior chest x-ray imaging of a female COVID-19 patient with normal blood glucose levels on
admission day-1 and no radiographic pathologic findings. Patient was discharged home; (B) anterior-posterior chest x-ray
imaging of a male COVID-19 patient with hyperglycemia on admission day-1 who developed SARS. Patient died.

of SARS-CoV2, regardless of the past medical history of dia-
betes. Acute hyperglycemia may lead to an abnormal
inflammatory and immune response contributing to the
development and progression of the radiographic findings
of ARDS in patients with COVID-19. No conclusion on the
role of diabetes treatment, such as DPP-4 inhibitors or
ACE inhibitors recently suggested as possible targeting
treatment [7-8], could be drawn from this report. However,
the finding that most of the diabetic patients who were
on home regimen with DPP4 inhibitors had no radiological
findings of ARSD deserves further investigations.

Admission hyperglycemia should not be overlooked, but
adequately treated to improve the outcomes of COVID-19
patients with our without diabetes.
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