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ABSTRACT

Diabetes is a risk factor for greater severity of
coronavirus disease 2019 (COVID-19). The
stress hyperglycemia ratio (SHR) is an indepen-
dent predictor of critical illness, and it is
reported to have a stronger association than
absolute hyperglycemia. The aim of this study
was to assess the relationship of absolute
hyperglycemia and SHR with the severity of
COVID-19, since there are no studies investi-
gating SHR in patients with COVID-19. We
conducted a retrospective observational study
on hospitalized patients with COVID-19 in the

first months of the pandemic, regarding abso-
lute hyperglycemia, SHR, and severity out-
comes. Of the 374 patients, 28.1% had a
previous diagnosis of type 2 diabetes. Absolute
hyperglycemia (64.8% versus 22.7%; p\ 0.01)
and SHR [1.1 (IQR 0.9–1.3) versus 1.0 (IQR
0.9–1.2); p\ 0.001] showed a statistically sig-
nificant association with previous diabetes.
Absolute hyperglycemia showed a significant
association with clinical severity of COVID-19
(79.0% versus 62.7%; p\0.001), need for oxy-
gen therapy (74.8% versus 54.4%; p\0.001),
invasive mechanical ventilation (28.6% versus
11.6%; p\0.001), and intensive care unit
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(30.3% versus 14.9%; p = 0.002), but not with
mortality; by contrast, there was no statistically
significant association between SHR and all
these parameters. Our results are in agreement
with the literature regarding the impact of
absolute hyperglycemia on COVID-19 severity
outcomes, while SHR was not a significant
marker. We therefore suggest that SHR should
not be evaluated in all patients admitted in the
hospital for COVID-19, and we encourage the
standard measures at admission of blood glu-
cose and HbA1c levels.

Keywords: Diabetes; COVID-19; Hyper-
glycemia; Stress hyperglycemia ratio; Prognosis

Key Summary Points

SHR is an independent predictor of critical
illness, and it is reported to have a
stronger association than absolute
hyperglycemia.

There are no studies investigating SHR in
patients with COVID-19.

The aim of this study was to assess the
relationship of absolute hyperglycemia
and SHR with the severity of COVID-19.

Absolute hyperglycemia showed a
significant association with clinical
severity of COVID-19, while SHR was not
a significant marker.

SHR should not be evaluated in all
patients admitted to the hospital for
COVID-19.

INTRODUCTION

The infection caused by severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2) was first
described in December 2019 in Wuhan, China,
as a series of pneumonia reports of unknown
cause, but a wide range of clinical, laboratory,

and radiologic presentations are possible [1].
Only 3 months later, in March 2020, the World
Health Organization declared coronavirus dis-
ease 2019 (COVID-19) a global pandemic.
Almost 1 year later, this disease was responsible
for more than 110,000,000 confirmed cases and
2,000,000 deaths [2].

Studies have not clearly shown that diabetes
increases the susceptibility to COVID-19, while
it seems to be associated with more clinically
severe forms of the disease [3]; indeed, the
presence of diabetes in patients hospitalized for
COVID-19 has been consistently shown to be
associated to worst outcomes, namely a higher
proportion of intensive care unit (ICU) admis-
sions and deaths [4]. In a retrospective study
performed in Wuhan, COVID-19 in-patients
with diabetes who did not survive had higher
levels of blood glucose during hospitalization
[5]. Indeed, like in other viral infections,
hyperglycemia can be related to more adverse
outcomes in patients with COVID-19, inde-
pendently of previous diabetes diagnosis [6].
Another Chinese retrospective observational
study showed that at-admission hyperglycemia
in patients without a history of diabetes had a
higher risk of a composite outcome (ICU
admission, mechanical ventilation, and death)
compared with normoglycemic patients with-
out known diabetes [7]. In the CORONADO
study, at-admission hyperglycemia, but not
glycated hemoglobin (HbA1c), was found to be
associated with the primary composite outcome
(death and tracheal intubation for mechanical
ventilation within the first 7 days after hospital
admission) [8].

A transient phase of hyperglycemia may
develop in response to acute illness, which may
occur regardless of the previous diagnosis of
diabetes, associated with worst clinical outcome
in different clinical contexts [9]. This variation
in the glycemic level is called stress hyper-
glycemia and can be quantified by the stress
hyperglycemia ratio (SHR). SHR is calculated as
the quotient of at-admission blood glucose
divided by estimated average blood glucose,
which is derived from the HbA1c level. An
observational study involving 2290 patients
hospitalized for acute illness showed that SHR
above 1.14 was a better biomarker of critical

336 Diabetes Ther (2023) 14:335–346



illness (in-hospital death and admission to the
ICU) than absolute hyperglycemia [10]. Yet,
there are no studies investigating SHR in
patients with COVID-19.

Therefore, in the present study we aimed to
assess the impact of absolute at-admission
hyperglycemia on clinical severity of hospital-
ized patients with COVID-19 in the first months
of the pandemic before the availability of the
vaccines, which favorably impacted the clinical
outcome of such patients. We also examined
the association between SHR and the same
clinical outcomes of COVID-19 in all patients
for whom it was possible to calculate this
biomarker.

METHODS

Study Design and Participants

This is a retrospective observational study of
patients hospitalized with COVID-19, in a
medical ward of Curry Cabral Hospital (Centro
Hospitalar Universitário Lisboa Central—
CHULC), in the first 8 months of the COVID-19
pandemic in Portugal (from 1 March to 31
October 2020). In this study were included all
patients admitted to the hospital with SARS-
CoV-2 detection in a laboratory test by real-time
polymerase chain reaction, regardless the cause
of admission. This population was characterized
for demographic features, previous diagnosis of
diabetes, blood glucose level at admission,
HbA1c assessed during hospital stay, and clini-
cal outcomes for COVID-19 severity—need for
oxygen therapy, invasive mechanical ventila-
tion (IMV), admission to ICU, and mortality.
The medical care provided to each patient was
selected according to the clinical context, con-
sidering the clinical judgment and protocols
provided by the National General-Directorate of
Health [11].

Data Collection

Demographic and clinical data were collected
from the electronic clinical records. The demo-
graphic data collected were age, gender, and

ethnicity of the patient. The main clinical data
collected were the presence of a previous diag-
nosis of diabetes mellitus. The analytical data
collected were blood glucose level at admission
(obtained by collecting venous or arterial blood
in the emergency department or in the first 24 h
of admission to the ward) and HbA1c any time
during hospital stay. The clinical outcomes
evaluated were: clinical severity of COVID-19,
need for oxygen therapy, need for IMV, admis-
sion to ICU, and mortality. These data were
evaluated in a single moment and placed
directly into a digital file, protected by password
and only available to the medical team that was
responsible for the patients.

This study was performed in accordance with
the 1964 Declaration of Helsinki and its later
amendments. This study has a retrospective and
observational nature that had no impact on the
diagnosis or treatment of those involved. The
article was approved for publication by the
Health Ethics Committee of Centro Hospitalar
Universitário Lisboa Central (CES 1226/2022).
Patient consent was waived since the data were
pseudo-anonymized, collected from an elec-
tronic record consultation, with an observa-
tional and retrospective character, and
subsequently destroyed. The need for informed
consent was waived by the Health Ethics Com-
mittee of Centro Hospitalar Universitário Lisboa
Central (CES 1226/2022).

Definitions

Previous diagnosis of diabetes was considered
when mentioned in the patient’s personal
medical history or if the patient was under
antidiabetic medication prior to hospitaliza-
tion. The HbA1c level was not considered for a
previous diagnosis of diabetes, even when
higher than 6.5%; this cluster of patients was
considered to have new-onset diabetes. Abso-
lute hyperglycemia at hospital admission was
defined as any blood glucose level greater than
140 mg/dL in the emergency department or
within the first 24 h after hospital admission,
according to the American Diabetes Association
guidelines [12] and the joint recommendations
of the Portuguese Society of Diabetology and
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the Portuguese Society of Internal Medicine
[13]. The determination of the clinical severity
of COVID-19 for each patient was based on
national clinical guidelines [11] and clinical
judgment. A mild COVID-19 illness was con-
sidered to be one with mild symptoms (fever
lasting fewer than 3 days and with adequate
response to antipyretics, cough, sore throat,
headache, muscle pain, nausea, vomiting or
diarrhea without dehydration, loss of taste and
smell) without respiratory distress or radiologi-
cal evidence of pneumonia. A moderate
COVID-19 disease was considered to be one
with clinical or radiological evidence of pneu-
monia dependent on clinical judgment with
peripheral oxygen saturation C 90% on room
air and without hemodynamic instability; seri-
ous COVID-19 illness was defined as evidence of
pneumonia with at least one criterion of
tachypnea greater than 30 cycles per minute,
breathing difficulty, peripheral oxygen satura-
tion\ 90% on room air, and hemodynamic
instability (systolic pressure\ 90 mmHg or
heart rate[125 bpm); critical illness was
defined as acute respiratory distress syndrome
with PaO2/FiO2\100 or septic shock.

Relative hyperglycemia was defined on the
basis of SHR. SHR was calculated using blood
glucose at admission and HbA1c according to
this formula: at admission blood glucose �
28:7 � HbA1c � 46:7ð Þ [10, 14]. Stress hyper-

glycemia was defined as an SHR greater than
1.14. This cutoff value has already been used in
previous studies related to other clinical sce-
narios [15], since it has been shown to be asso-
ciated with a higher risk of critical illness [10].

Outcome Measures

Patients in whom blood glucose was measured
at admission were divided into two groups:
patients with absolute hyperglycemia (blood
glucose at admission[ 140 mg/dL) and at-ad-
mission normoglycemic patients (blood glucose
at admission B 140 mg/dL). Patients in whom it
was possible to calculate SHR (patients who had
both glucose levels at admission and HbA1c
measured) were divided into two groups:
patients with stress hyperglycemia during

hospitalization (SHR[1.14) and patients
without stress hyperglycemia (SHR B 1.14). For
each group, clinical outcomes of COVID-19
were assessed and compared between groups.

Statistical Analysis

Patients’ baseline characteristics were evaluated
using descriptive statistics. Variables with non-
normal distribution were analyzed nonpara-
metrically by median and Mann–Whitney tests.
Categorical variables were presented as numbers
and percentage proportions. Continuous vari-
ables were analyzed parametrically by means
and standard deviations. Differences in cate-
gorical variables were calculated with the v2

method. Statistically significance was consid-
ered when p value\ 0.05. Statistical analyses
were performed with SPSS Software, version 23
(IBM Corporation, Armonk, NY, USA).

RESULTS

From 1 March 2020 to 31 October 2020, 374
patients with COVID-19 were admitted to
Functional Unit of Internal Medicine 7.2 of
CHULC, in Lisbon, Portugal. Demographic and
clinical variables of the patients involved in this
study are presented in Table 1.

Most patients were male (n = 209 patients,
55.9%). The median age of hospitalized patients
was 71.5 years (interquartile range 53.0–-
84.0 years). The mean age of the patients was
68.0 years, with a standard deviation of
19.3 years. Hospitalized women were older
(median 79.0 years, IQR 60.5–88.0 years) than
men (median 67.0, IQR 49.0–80.0 years). Most
inpatients were Caucasian (n = 324 patients,
86.6%) and had no previous diagnosis of dia-
betes (n = 269 inpatients, 71.9%). A total of 105
patients (28.1%) had a prior diagnosis of dia-
betes. Of the 374 inpatients, blood glucose at
hospital admission was not available for 14
patients. Considering the blood glucose value at
admission, patients were categorized into two
groups: a group (119 patients) with at-admis-
sion blood glucose[140 mg/dL (at-admission
hyperglycemia group) and another (241
patients) with blood glucose B 140 mg/dL (at-
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admission normoglycemia group). Most
patients with a previous diagnosis of diabetes
had hyperglycemia at admission (n = 68
patients, 64.8%), while in patients without
diagnosis of diabetes that percentage was lower
(n = 61 patients, 22.7%). There was a significant
association between the presence of a previous
diagnosis of diabetes and the presence of abso-
lute hyperglycemia at the initial clinical evalu-
ation (p\0.001). In patients with blood
glucose measurement, the median blood glu-
cose at admission was 121 mg/dL (IQR
97–165.3 mg/dL). HbA1c was measured in only
116 patients (31.0% of total) during hospital-
ization. The median HbA1c was 6.4% (IQR
5.7–7.8%) for all patients, 7.2% (IQR 6.2–8.3%)
for those known for diabetes, and 5.9% (IQR
5.6–6.5%) for those without previous diagnosis.
Once for estimation of SHR, it was necessary to
have both at-admission blood glucose value as
well as HbA1c measured during hospitalization.
Data were available in 110 patients (29.4% of
all). In those patients, SHR was significantly
higher in the group with previous diabetes [1.1
(IQR 0.9–1.3) versus 1.0 (IQR 0.9–1.2);
p\0.001].

Table 1 Demographic and clinical variables of inpatients
with COVID-19 in Functional Unit of Internal Medicine
7.2 of CHULC

Population variables

Total 374 (100%)

Sex

Female, n (%) 165 (44.1%)

Male, n (%) 209 (55.9%)

Age

Median (IQR), years 71.5

(53.0–84.0)

Mean (SD), years 68.0 (19.3)

Minimum, years 21

Maximum, years 100

Female median age (IQR), years 79.0

(60.5–88.0)

Male median age (IQR), years 67.0

(49.0–80.0)

Ethnicity

Caucasian, n (%) 324 (86.6%)

Non-Caucasian, n (%) 50 (13.4%)

Previous diagnosis of diabetes

Without previous diabetes diagnosis,

n (%)

269 (71.9%)

With previous diabetes diagnosis, n (%) 105 (28.1%)

HbA1c

Median (IQR), % 6.4 (5.7–7.8)

Without previous diabetes diagnosis,

median (IQR), %

5.9 (5.6–6.5)

With previous diabetes diagnosis,

median (IQR), %

7.2 (6.2–8.3)

At-admission glycemia

Median (IQR), mg/dL 121

(97–165.3)

Mean (SD), mg/dL 141.6 (68.56)

At-admission hyperglycemia, n (%) 119 (31.8%)

At-admission normoglycemia, n (%) 241 (64.4%)

Table 1 continued

Population variables

Not available, n (%) 14 (3.7%)

At-admission hyperglycemia, median

(IQR), mg/dL

191

(159–227.5)

At-admission normoglycemia, median

(IQR), mg/dL

105 (91–122)

Stress hyperglycemia ratio

Number, % 110 (29.4%)

Median (IQR) 1.05 (0.9–1.2)

SHR in previously diabetes 1.1 (0.9–1.3)

SHR in previously nondiabetes 1.0 (0.9, 1.2)

IQR interquartile range, n number, SD standard deviation,
SHR stress hyperglycemia ratio
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Most patients hospitalized for COVID-19
needed oxygen therapy at any time during
hospitalization (n = 225, 60.2%). Table 2 pre-
sents clinical outcomes of patients depending
on their glycemic status at admission.

Of patients with normoglycemia at admis-
sion, 54.4% (n = 131) needed oxygen supple-
mentation during hospitalization,
corresponding to 35.0% of patients admitted to
hospital. Considering the total number of
patients hospitalized for COVID-19, of those
with hyperglycemia at admission, 23.8%
(n = 89) needed supplemental oxygen during
hospitalization. In patients with high blood
glucose levels at admission, 74.8% needed sup-
portive oxygen therapy (versus 25.2% who

always remained without oxygen supply). This
study showed a statistically significant associa-
tion between absolute hyperglycemia at admis-
sion and need for oxygen therapy during
COVID-19 hospitalization (74.8% versus 54.4%;
p\0.001). Most patients (n = 310, 82.9%)
admitted to this ward did not undergo IMV. In
patients hospitalized with COVID-19 who were
ventilated, 53.1% had hyperglycemia at admis-
sion (n = 34, 9.1% of the total hospitalized).
Absolute hyperglycemia at admission presented
a statistically significant association with the
use of IMV (28.6% versus 11.6%; p\0.001).
Considering the entire sample, 19.8% (n = 74)
were admitted to the ICU. Most patients hos-
pitalized with COVID-19 were normoglycemic

Table 2 Clinical outcomes of patients depending on glycemic status at admission

At-admission
hyperglycemia

At-admission
normoglycemia

Total p

Oxygen therapy \ 0.001

Needed (%) 89 (23.8%) 131 (35.0%) 225 (60.2%)a

Not needed (%) 30 (8.0%) 110 (29.4%) 149 (39.8%)a

IMV \ 0.001

Needed (%) 34 (9.1%) 28 (7.5%) 64 (17.1%)a

Not needed (%l) 85 (22.7%) 213 (57.0%) 310 (82.9%)a

ICU admission 0.002

Admission (%) 36 (9.6%) 36 (9.6%) 74 (19.8%)a

No admission (%) 83 (22.2%) 205 (54.8%) 300 (80.2%)a

Mortality 0.460

Survivor (%) 95 (25.4%) 199 (53.2%) 307 (82.1%)a

Non-survivor (%) 24 (6.4%) 42 (11.2%) 67 (17.9%)a

COVID-19 severity \ 0.001

Asymptomatic, n (%) 10 (2.7%) 36 (9.6%) 52 (13.9%)a

Mild disease, n (%) 15 (4.0%) 54 (14.4%) 74 (19.8%)a

Moderate disease, n (%) 7 (1.9%) 27 (7.2%) 35 (9.4%)a

Severe disease, n (%) 52 (13.9%) 93 (24.9%) 147 (39.3%)a

Critical disease, n (%) 35 (9.4%) 31 (8.3%) 66 (17.6%)a

ICU intensive care unit, IQR interquartile range, IMV invasive mechanical ventilation, n number, SD standard deviation
aPatients whose at-admission blood glucose was not assessed were not included in the table
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at admission and did not need to be admitted to
the ICU (n = 205, 54.8%). There was a statisti-
cally significant association between hyper-
glycemia at admission and ICU admission
(30.3% versus 14.9%; p = 0.002). The mortality
of patients hospitalized with COVID-19 in the
considered period was 17.9%, with no signifi-
cant difference between patients with or with-
out absolute hyperglycemia: 20.2% (24 in 119)
versus 17.4% (42 in 241), respectively. Consid-
ering all the patients hospitalized with COVID-
19, 13.9% (n = 52) were asymptomatic, 19.8%
(n = 74) presented with mild disease, 9.4%
(n = 35) with moderate disease, 39.3% (n = 147)
with severe illness, and 17.6% (n = 66) with
critical illness. In this study, we found that the

presence of absolute hyperglycemia at admis-
sion was a statistically significant factor for the
severity of SARS-CoV-2 infection—moderate to
critical disease versus asymptomatic to mild
disease (79.0% versus 62.7%, respectively;
p\0.001). Compared with those with normo-
glycemia, the group with absolute hyper-
glycemia at admission presented lower
percentage of patients with the asymptomatic,
mild, and moderate forms of the disease and
higher percentage of patients with the severe
and critical forms.

Table 3 depicts the clinical outcomes
between patients with and without stress
hyperglycemia. Among the group of 110
patients where SHR was calculated, 37 patients

Table 3 Difference in clinical outcomes concerning presence/absence of stress hyperglycemia

With stress
hyperglycemia

Without stress
hyperglycemia

NC Total p

Oxygen therapy 0.946

Needed (%) 23 (6.1%) 43 (11.5%) 159 (42.5%) 225 (60.2%)

Not needed (%) 14 (3.7%) 30 (8.0%) 105 (28.1%) 149 (39.8%)

IMV 0.969

Needed (%) 6 (1.6%) 12 (3.2%) 46 (12.3%) 64 (17.1%)

Not needed (%) 31 (8.3%) 61 (16.3%) 218 (58.3%) 310 (82.9%)

ICU admission 0.977

Admission (%) 7 (1.9%) 15 (4.0%) 52 (13.9%) 74 (19.8%)

No admission (%) 30 (8.0%) 58 (15.5%) 212 (56.7%) 300 (80.2%)

Mortality 0.676

Survivor (%) 32 (8.6%) 61 (16.3%) 214 (57.2%) 307 (82.1%)

Non-survivor (%) 5 (1.3%) 12 (3.2%) 50 (13.4%) 67 (17.9%)

COVID-19 severity 0.605

Asymptomatic, n (%) 2 (0.5%) 11 (2.9%) 39 (10.4%) 52 (13.9%)

Mild disease, n (%) 6 (1.6%) 13 (3.5%) 55 (14.7%) 74 (19.8%)

Moderate disease, n (%) 6 (1.6%) 7 (1.9%) 22 (5.9%) 35 (9.4%)

Severe disease, n (%) 15 (4.0%) 32 (8.6%) 100 (26.7%) 147 (39.3%)

Critical disease, n (%) 8 (2.1%) 10 (2.7%) 48 (12.8%) 66 (17.6%)

ICU intensive care unit, IQR interquartile range, IMV invasive mechanical ventilation, n number, NC not calculated, SD
standard deviation, SHR stress hyperglycemia ratio
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(33.6%) presented values consistent with stress
hyperglycemia (SHR[1.14). There was no sta-
tistically significant difference between patients
with and without stress hyperglycemia for any
of the clinical outcomes considered.

DISCUSSION

This study showed that at-admission absolute
hyperglycemia in hospitalized patients with
COVID-19 was statistically associated with a
greater need for oxygen therapy, need for IMV,
ICU admission, and greater clinical severity of
COVID-19. However, absolute hyperglycemia at
admission did not show a statistically signifi-
cant association with mortality in these
patients. Stress hyperglycemia (defined by
SHR C 1.14) in hospitalized patients with SARS-
CoV-2 infection was not associated with worst
clinical outcomes.

These results are in line with what has been
described in other studies, but also extend such
previous observations. The prevalence of dia-
betes in these 374 patients admitted with
COVID-19 was 28.1%. This prevalence is higher
than the estimated prevalence of diabetes in
Portugal in the adult population (13.6% among
adults aged 20–79 years) [16]. However, when
considering older people, the prevalence of
diabetes reaches 30% among Portuguese males,
which is similar to the result obtained in the
study [16]. This does not mean that diabetes
increases the risk of acquiring COVID-19, but
that it can be associated with more severe forms
of the disease. A Chinese study showed a
prevalence of diabetes in patients with COVID-
19 similar to the prevalence of diabetes in
China, but the prevalence of diabetes was much
greater in patients with severe COVID-19
[5, 17]. Many contributions from different geo-
graphical areas have consistently shown that
the prevalence of diabetes in patients with
COVID-19 is not superior to that of the general
population (reviewed in [18]); by contrast, the
presence of diabetes has been associated with
the most severe forms of COVID-19 worldwide
[19]. Early studies from other European coun-
tries, such as Italy and Romania, performed in
the first months of the pandemic, exactly like

the present study, have also shown that the
presence of diabetes was one of the key factors
associated with COVID-19 mortality, together
with hypertension, obesity, and chronic kidney
disease [20, 21], explaining the high excess
mortality early reported in Italy, the first Euro-
pean country seriously hit by COVID-19 [22].

Most hospitalized patients needed oxygen
therapy during hospitalization. This observa-
tion is in line with the fact that one of the
reasons for hospitalization is the need for sup-
plemental oxygen supply. This became even
more evident after support networks for
patients with COVID-19 were created in Portu-
gal to receive infected people without the need
for hospital medical care, whose only reason for
hospitalization was the inability to maintain
social distance at home. The study showed that
there was more at-admission hyperglycemia in
patients who needed supplemental oxygen than
in the group of patients who did not. Similar
findings were found regarding IMV support and
ICU admission. Admission hyperglycemia has
been shown to be a predictor of greater severity
of COVID-19, especially with an impact on the
rapid worsening of respiratory function [23].
Regarding mortality, there was no statistically
significant difference between the percentage of
patients with absolute hyperglycemia at
admission in the group of patients who survived
compared with the group of patients who did
not survive. This finding is different from what
was found in studies carried out in other
countries. In the USA, a retrospective observa-
tional study showed a particularly high mor-
tality rate among individuals with uncontrolled
hyperglycemia in the absence of diabetes (in-
dividuals with two or more blood glucose levels
above 180 mg/dL with HbA1c below 6.5%)
compared with patients with diabetes (defined
as HbA1c greater than 6.5%) [24]. This may
reflect the role of stress hyperglycemia, an acute
and transient event, in patients with usually
adequate glycemic control, represented by a
normal level of HbA1c.

Stress hyperglycemia has been shown to be
associated with adverse clinical events in dif-
ferent hospital settings. In patients without
diabetes and normoglycemic before surgery, a
blood glucose greater than 180 mg/dL after the
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surgical procedure led to a threefold increase in
complications and sixfold increase in mortality,
but the association with perioperative compli-
cations and deaths was present even with blood
glucose levels between 140 and 180 mg/dL [25].
SHR is a parameter developed to quantify stress
hyperglycemia that adjusts absolute hyper-
glycemia to the value of HbA1c [10]. To our
knowledge, this is the first study that uses SHR
to quantify stress hyperglycemia in patients
hospitalized for COVID-19 and assesses that
index in terms of clinical outcomes. However,
SHR has been used to assess adverse outcomes in
respiratory patients. In 2017, a study attempted
to link stress hyperglycemia with acute exacer-
bation of chronic obstructive pulmonary dis-
ease. That study showed that glycemic variables
adjusted to HbA1c, which included SHR, were
not independent risk factors for the develop-
ment of acute respiratory failure [26]. Further-
more, SHR did not show a statistically
significant association with the development of
acute respiratory failure. However other gly-
cemic parameters derived from HbA1c were
shown to have a superior discriminative power
in relation to absolute hyperglycemia in pre-
dicting the development of acute respiratory
failure [26]. In our study, the value of SHR was
limited by the small number of patients in
which HbA1c was assessed. This assay was per-
formed in less than half of the patients. Thus,
patients with an SHR value greater than 1.14
with adverse clinical outcomes may have been
missed. We believe that this study highlights
the importance of evaluating HbA1c in hospi-
talized patients, not only because it allows the
calculation of SHR but also because it allows for
a better characterization of the hospitalized
population, whether or not a known diagnosis
of diabetes is present.

The mechanisms responsible for glycemic
decompensation in individuals with SARS-CoV-
2 infection have been elucidated. Both hyper-
glycemia/diabetes and SARS-CoV-2 infection
correspond to pro-inflammatory and pro-coag-
ulant states capable of negatively influencing
the patient’s clinical course [27, 28]. Similar to
SARS-CoV, SARS-CoV-2 enters cells through a

receptor widely spread in multiple cells, namely
in endocrine pancreatic beta cells, which may
cause direct damage to them, contributing to
the worsening of blood glucose in these patients
or even new-onset diabetes [6, 27, 29]. Several
cases have been reported of individuals without
previous diagnosis of diabetes who develop
new-onset diabetes with an acute hyper-
glycemic crisis such as diabetic ketoacidosis
during the acute or recovery phase of SARS-
CoV-2 infection. That points to a potential
direct cytotoxic effect and insulin secretion
impairment of this virus [30, 31].

Given the potential deleterious effect of
hyperglycemia on the clinical course of patients
hospitalized with COVID-19, it makes sense to
optimize the glycemic control of these patients,
even in those without a known history of dia-
betes. An Italian study showed that hyper-
glycemic patients treated with insulin infusion
during hospitalization for moderate COVID-19
had a lower risk of severe disease than those
who did not receive this treatment [32]. In
patients with at-admission hyperglycemia in
this study population, the median at-admission
blood glucose was 191 mg/dL with an
interquartile range of 159–227.5 mg/dL. These
patients would meet criteria for glycemic con-
trol with insulin therapy according to some
reports [33]. Maybe the results observed would
be different if an internal protocol of hyper-
glycemia management in patients with COVID-
19 had been developed. Other authors have
investigated the effects of novel antidiabetic
therapies on glycemic control in patients with
type 2 diabetes and COVID-19, showing that
most of these novel agents have a beneficial
effects on COVID-19 outcomes [34], such as
glucagon-like peptide 1 receptor agonists, for
which a molecular mechanism of direct inter-
action with SARS-CoV-2 activity has been pos-
tulated [35].

We also wish to clearly state that present
study has some limitations, as the vast majority
of the investigations were performed on
patients with COVID-19 during the first months
of the pandemic. This is a retrospective and
observational study, which makes it dependent
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on the information obtained through the anal-
ysis of the patients’ clinical records. The study
does not consider the conditions under which
the at-admission blood glucose was assessed,
namely whether the sample collection was
performed in a fasted state or whether it corre-
sponded to an occasional measurement. It was
also not possible to determine whether the
patient was undergoing fluid therapy with glu-
cose supply at the time of sample collection,
which could have influenced the results. The
diagnosis of previous diabetes was based on the
patients’ clinical history and self-report of this
diagnosis, which may have led to under-detec-
tion for those cases. The patients’ concomitant
comorbidities, often present along with dia-
betes such as arterial hypertension or cardio-
vascular disease, seem to influence the clinical
course of COVID-19 [6] and were not consid-
ered in this study. Data may be missing, namely
the concomitant measurement of blood glucose
at admission and glycated hemoglobin that
allows the calculation of SHR. To make this
clear, it was decided not to exclude any patient
from the presentation of the results. The sample
in which this was possible to calculate is small,
and care must be taken when extrapolating the
results to other realities. Despite its limitations,
our study reinforces the impact that lack of
glycemic control may have on the clinical
severity of COVID-19.

CONCLUSIONS

Our results are in accordance with the literature
regarding the impact of absolute hyperglycemia
on severity outcomes. In addition, we are
reporting novel data that SHR is not a marker of
severity for clinical outcomes in those patients.
All the learnings on diabetes and COVID-19
pandemic are of particular importance, since
insights from recent experience are essential to
guide future management [36]. We therefore
suggest that SHR should not be evaluated in all
patients admitted in the hospital for COVID-19,
and we encourage the standard measurement
at-admission of blood glucose and HbA1c levels.
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