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ABSTRACT

Aim This study’s objective was to assess the risk of
severe in-hospital complications of patients admitted for
COVID-19 and diabetes mellitus (DM).

Design This was a cross-sectional study.

Settings We used pseudonymised medical record data
provided by six general hospitals from the HM Hospitales
group in Spain.

Outcome measures Multiple logistic regression analyses
were used to identify variables associated with mortality and
the composite of mortality or invasive mechanical ventilation
(IMV) in the overall population, and stratified for the
presence or absence of DM. Spline analysis was conducted
on the entire population to investigate the relationship
between glucose levels at admission and outcomes.
Results Overall, 1621 individuals without DM and 448
with DM were identified in the database. Patients with DM
were on average 5.1 years older than those without. The
overall in-hospital mortality was 18.6% (N=301), and was
higher among patients with DM than those without (26.3%
vs 11.3%; p<0.001). DM was independently associated
with death, and death or IMV (OR=2.33, 95% Cl: 1.7 to 3.1
and OR=2.11, 95% Cl: 1.6 to 2.8, respectively; p<0.001).
In subjects with DM, the only variables independently
associated with both outcomes were age >65 years, male
sex and pre-existing chronic kidney disease. We observed
a non-linear relationship between blood glucose levels

at admission and risk of in-hospital mortality and death

or IMV. The highest probability for each outcome (around
50%) was at random glucose of around 550 mg/dL (30.6
mmol/L), and the risks flattened above this value.
Conclusion The results confirm the high burden
associated with DM in patients hospitalised with COVID-19
infection, particularly among men, the elderly and those
with impaired kidney function. Moreover, hyperglycaemia
on admission was strongly associated with poor outcomes,
suggesting that personalised optimisation could help to
improve outcome during the hospital stay.

INTRODUCTION
On 30 January 2020, the WHO declared the
outbreak of the novel SARS-CoV-2 coronavirus

Strengths and limitations of this study

» A major strength of our study is the thorough
methodological approach to analyse the risk of in-
hospital COVID-19-related complications based
on the presence of diabetes mellitus (DM) or overt
hyperglycaemia.

» We were limited by not having access to the pa-
tients’ medical history prior to admission, and the
low number of registers for some important DM vari-
ables (such as glycosylated haemoglobin (Hb1Ac)),
and the lack of data on weight or body mass index
(only the presence of obesity).

» The selection of subjects with DM was made based
on a proxy algorithm including DM diagnosis during
the hospital stay, antidiabetic treatment, and HbA1c
and blood glucose levels at admission.

» We used random blood glucose on admission for
spline analyses, thus preventing the distinction be-
tween stress-related hyperglycaemia and uncon-
trolled pre-existing DM.

pandemic, a public health emergency of
international importance. A few days later,
the respiratory disease caused by SARS-CoV-2
was officially named COVID-19.' * The first
person diagnosed as positive in Spain was
confirmed on 31 January 2020, on the island
of La Gomera.” The median age of hospi-
talised patients infected with SARS-CoV-2
is 46.2 years, men comprise about 60% of
patients, and the average incubation period
is 5.7 days.* As of 8 February 2021, approxi-
mately 3 million people have been infected
with SARS-CoV-2 in Spain since the start of
the COVID-19 pandemic, and 62 295 persons
have died.

Several meta-analyses have reported that
the most severe and fatal cases of COVID-19
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occur among the elderly and in patients with under-
lying comorbidities.”” Indeed, those with two or more
concomitant diseases have a significantly higher risk
of admission to an intensive care unit (ICU), invasive
ventilation, or death compared with those with a single
concomitant disease, or without comorbidities.® The
most prevalent comorbidities associated with increased
COVID-19-related morbidity and mortality are the pres-
ence of diabetes mellitus (DM), cardiovascular diseases
(CVDs), chronic lung disease, chronic kidney disease
(CKD), hypertension, cancer and obesity.”” In addition,
the ABO blood type may play a role in the susceptibility
and severity of COVID-19 infection, which could be of
importance in patients with underlying high-risk condi-
tions.® For instance, it has been reported that non-0 blood
group patients with hypertension have significantly higher
values of pro-thrombotic indexes and increased rates of
cardiac injury and deaths compared with 0 patients.’

SARS-CoV-2 uses ACE-2 as a cellular entry receptor,
and the spike protein of the virus needs to be cleaved by
cellular proteases (specifically TMPRSS2) to fuse with the
cellular membrane.'” Although it was initially assumed
that ACE inhibitors and angiotensin receptor blockers
to treat hypertension or cardiovascular conditions
might exacerbate COVID-19 infection and lead to worse
outcomes, the most recent available meta-analysis did not
confirm this higher risk."" Finally, it has been suggested
that modulating TMPRSS2 expression through specific
antibodies or non-coding RNAs could prevent virus entry
into host cells," ' but these potential therapeutic options
are still under investigation.

Previous studies have reported that people with DM
are prone to new infections and recurrence, particularly
influenza and pneumonia, due to impaired defences and
disease complications.”® Although the estimated preva-
lence of DM in COVID-19-infected patients varies greatly
by geographical region, it is considered similar to the DM
prevalence in the general population, thus not repre-
senting a risk factor for infection.'” However, the preva-
lence of diabetes among COVID-19 hospitalised subjects
is higher than the overall diabetes prevalence.'”'® A study
conducted in England found that one-third of in-hospital
deaths occurred in people with type 2 DM and that these
patients had greater odds of COVID-19-related in-hos-
pital death than those without DM." This observation
has been confirmed in a meta-analysis showing that DM
is associated with a twofold higher risk of dying from
COVID-19, and a second study reporting that patients
with pre-existing DM have a threefold greater risk of
in-hospital mortality.”'

Early reports showed that about half of patients with
severe COVID-19 presented acute hyperglycaemia, with
no more than 10% of them having a prior diagnosis of
DM.** Following these observations, two meta-analyses
concluded that hyperglycaemia at hospital admission is
associated with severe complications and mortality, regard-
less of diabetes status.** *> Moreover, hyperglycaemia also
has a negative impact on the therapeutic response to

tocilizumab in patients with COVID-19-related systemic
inflammation.*

In Spain, DM is a highly prevalent disease in people
over 18 years of age (13.8% of the population).?” Given
the high prevalence of DM and the additional challenging
scenario that COVID-19 poses to healthcare professionals
in this particular population, it is crucial to accumulate
and share information and data from different countries
and regions.” Therefore, the main objective of this study
was to assess the risk of in-hospital COVID-19-related
complications based on the presence of DM or overt
hyperglycaemia at admission in Spain.

METHODS

Study design and settings

This was a cross-sectional study in hospitalised individ-
uals infected with SARS-CoV-2, stratified by presence or
absence of DM. Data were obtained from pseudonymised
electronic health records provided by six general hospi-
tals from the HM Hospitales group (Spain). The data-
base included information related during the hospital
stay (diagnosis and procedure codes, prescribed medica-
tions, vital signs and laboratory parameters), from 2310
subjects during the first COVID-19 wave with hospital
admission between 27 January and 24 April 2020 (study
start and end date, respectively). Subjects were followed
from admission to hospital discharge or death. Detailed
information related to the database is presented in the
online supplemental material (database description).
The REporting of studies Conducted using Observational
Routinely-collected Data Checklist is presented as online
supplemental material.

The study data were collected by medical professionals
of the HM Hospitales group (Spain) during the first
wave of the COVID-19 pandemic. In order to promote
COVID-19-related research, the HM Hospitales group
pseudonymised the medical history of SARS-CoV-2-
infected patients and created a project titled: ‘Covid Data
Save Lives’. Before access was granted, a formal petition,
specific study protocol and ethics committee approval
were obtained.

Inclusion and exclusion criteria

The study enrolled people over 18 years of age with
SARS-CoV-2 infection (COVID-19 positive) microbio-
logically proven by reverse transcription PCR (RT-PCR).
Those with DM were identified in the database if they: (1)
had any ICD-10 (International Statistical Classification of
Diseases) diagnostic code for type 1 or type 2 DM (ie,
E.10 and E.11), (2) were on treatment with antidiabetic
drugs, (3) had a register of insulin use within the first 24
hours after admission, or (4) had a glycosylated haemo-
globin (HbAlc) value 26.5% (48 mmol/mol; first avail-
able record after admission) or baseline blood glucose
(BG) values 2200 mg/dL (11.1 mmol/L; recorded
within the first 24 hours of admission). Subjects with no
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confirmation of SARS-CoV-2 infection and those younger
than 18 years were excluded from the study.

Study variables

The following baseline variables were collected: age and
sex; SARS-CoV-2 diagnosis (positive RT-PCR); comorbid-
ities (ie, hypertension, hyperlipidaemia, obesity (body
mass index (BMI) >30 kg/m®), CVD, heart failure,
cerebrovascular diseases, ischaemic heart disease, CKD,
chronic obstructive pulmonary disease (COPD), asthma,
mental disorders and cancer); blood laboratory param-
eters (ie, HbAlc, BG, electrolytes, renal function, liver
function, haematology and coagulation, inflammation
markers and gas tests); clinical parameters (ie, systolic
and diastolic blood pressure, heart rate and tempera-
ture); and concomitant medications (ie, baseline insulins,
systemic corticosteroids, antimicrobials, anticoagulants
and antiplatelet agents, and antihypertensive and lipid-
lowering drugs).

We considered the following variables as events or
complications during the hospital stay: death, acute respi-
ratory distress syndrome (ARDS), pulmonary thrombosis,
neurological complications (including encephalopathy,
encephalitis, myelitis and encephalomyelitis), throm-
botic complications identified by ICD-10 diagnostic
codes (phlebitis and thrombophlebitis), admission to
ICU and invasive mechanical ventilation (IMV) identi-
fied by ICD-10 procedure codes. The composite primary
outcome was defined as death or IMV.

Statistical methods

The demographic and clinical characteristics of the
two groups of hospitalised patients (ie, with or without
DM) were compared and summarised at the quantitative
(minimum, maximum, median, first and third quartile,
mean and SD) or categorical level (frequency, number
and %).

The association between the study outcomes (ie,
mortality and mortality or mechanical ventilation) and
DM was performed using logistic regression analyses
adjusted for sex, age and associated risk factors. In addi-
tion, several models of interest were tested (a model
with basic clinical variables such as age and sex, a model
adding obesity, hypertension and hyperlipidaemia, and
a model adding organ lesion variables, such as CVD,
heart failure, CKD, COPD), namely with the sequential
inclusion of different covariates and the estimated differ-
ences expressed as OR and the respective 95% CIs. We
evaluated goodness of fit of the logistic regression models
with Hosmer-Lemeshow test. To analyse the non-linear
relationship of random BG levels on admission with the
two study outcomes, we used an adjusted semiparametric
model (generalised additive model) calculating the spline
curves with two df (knots) using the mgcv package in R,
V.1.8-31* with adjustment for potential confounders. We
analysed the entire database available and no statistical
power was calculated. Data management and statistical

analyses were performed using the R statistical software
V.3.6.1 (https://www.r-project.org/).

Patient and public involvement

Patients or the public were not involved in the design,
or conduct, or reporting, or dissemination plans of our
research.

RESULTS

Baseline characteristics

Of the 2306 subjects admitted to hospital within the
period of study, 2069 were over 18 years of age and had a
positive diagnostic test for SARS-CoV-2 (figure 1). Among
them, 448 (21.7%) were identified as having DM and
1621 (78.3%) without DM (non-DM group). The char-
acteristics of the two populations at hospital admission
are shown in table 1. Subjects with DM were on average
5.1 years older than subjects without DM, and more
frequently men (67.9% vs 58.6%). Moreover, individuals
in the DM group had a poor comorbidity profile, with a
higher frequency of all assessed prior conditions except
for cerebrovascular diseases and asthma.

Regarding laboratory parameters on admission (online
supplemental table 1), the DM group had slightly
lower estimated glomerular filtration rates (eGFRs)
(73.5£26.5 mL/min/1.73 m?® vs 81.2423.9 mL/min/1.73
m* p<0.001), and higher levels of serum creatinine
(1.09+0.72 mg/dL vs 0.94+0.51 mg/dL; p<0.001) than the
non-DM group. Regarding markers of inflammation and
infection, we observed higher levels of C reactive protein
and procalcitonin in the DM group (97.1+107 mg/L
vs 75.9+82.5 mg/L and 0.66+1.30 mg/L vs 0.39+1.30
mg/L, respectively; p<0.001). We also observed higher
levels of D-dimer, a marker of endothelial and coagu-
lation dysfunction, in the DM group (3990+10 800 ng/
mL vs 2340+6720 ng/mL, respectively). Regarding the
pharmacological therapy used during the hospital stay,
we observed differences and increased use of almost all
drugs of interest among subjects with DM, compared with
those without DM, especially for diuretics, systemic corti-
costeroids and tocilizumab.

Events and complications during in-hospital stay
A total of 301 (14.5%) subjects positive for SARS-CoV-2
died in hospital, 118 (26.3%) out of 448 in the DM group
and 183 (11.3%) out of 1621 in the non-DM group
(p<0.001; figure 2). All studied events, except pulmonary
embolism and thrombotic or neurological complications,
were significantly more frequent among patients with DM
than those without (figure 2). The most frequent outcome
was the composite of death or IMV (31% in the DM group
vs 14% in the non-DM group; figure 2) followed by death
(26.3% vs 11.8%), admission to ICU (21% vs 6.9%), IMV
(10.7% vs 4.2%) and ARDS (3.8% vs 1.5%).

The frequency of events by group and age showed
that, in both subjects with and without DM, death and
the composite of death or IMV were significantly more
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Figure 1 Flow chart diagram.

frequent among those >65 years (online supplemental
figure 1). In contrast, the proportion of subjects requiring
IMV and ICU admission was significantly higher among
those <65 years and with DM, while age was not significant
in those without DM. When stratifying the results by sex,
we did not observe differences except for admission to
ICU, which was significantly more frequent among male
subjects with DM (online supplemental figure 1). Within
the diabetes group, when we stratified by pre-existing
DM (DM codes and/or HBAlc 26.5% and/or antidia-
betic treatment) and ‘stress’ hyperglycaemia/unknown
diabetes (glucose 2200 mg/dL or insulin use within the
first 24 hours period after admission), we observed higher
percentages for death, death or IMV, ARDS, admission
to ICU and IMV events in subjects with ‘stress’ hypergly-
caemia. The results of this stratification are presented in
online supplemental table 2.

Baseline demographic and clinical characteristics associated
with in-hospital death and death or IMV
For the overall hospitalised population, the demographic
characteristics significantly associated with mortality were
male sex and older age (OR=1.98, 95% CI=1.2 to 3.3 and
OR=1.10, 95% CI=1.08 to 1.11, respectively) (figure 3;
online supplemental table 3). The comorbidities inde-
pendently associated with increased odds of death were
DM (OR=2.33, 95% CI=1.7 to 3.1), CKD (OR=2.14, 95%
CI=1.2 to 8.7) and COPD (OR=1.72, 95% CI=1.1 to 2.8).
When considering the composite outcome of death
or IMV, the same variables associated with death (e,
age, sex, diabetes, CKD and COPD) were identified as
increasing the risk. In addition, obesity emerged as an
independently associated variable (OR=1.98, 95% CI=1.5
to 2.7) (figure 3, online supplemental table 3).

EXCLUSION WITHOUT

GROUP WITHOUT DIABETES VD10 CONERMETION

N=1,824

AGE YOUNGER THAN 18

(GROUP WITHOUT DIABETES

N=1,621

The multiple logistic regression models were repeated
to rule out the potential interaction of DM with different
clinical conditions (ie, obesity, hyperlipidaemia, obesity
and hyperlipidaemia, heart failure, CKD and COPD)
for the in-hospital death outcome. The results showed
that none of these conditions affected the relationship
between the risk of death and DM (online supplemental
table 4).

Factors associated with hospital death and death or IMV by
comorbid diabetes

A subanalysis was performed separately for subjects with
or without DM. In the DM group, the only variables
independently associated with the risk of both mortality
and death or IMV were male sex, older age and CKD
(figure 4A and online supplemental tables 5 and 6). In
contrast, in subjects without DM, besides the aforemen-
tioned variables, the odds of death were also increased
among subjects with CVD (OR=1.94, 95% CI=1.03 to0 3.7),
and the odds of death or IMV among those with obesity
or COPD (OR=2.96, 95% CI=1.7 to 5.3 and OR=2.30,
95% CI=1.4 to 3.8, respectively) (figure 4B and online
supplemental tables 5 and 6).

Factors associated with hospital death and death or IMV by
glucose levels at admission

We used non-parametric logistic regression models to
assess whether there was a relationship between random
BG on admission and the risk of mortality (and death
or IMV). We observed a marked non-linearity in the
effect of BG on admission in the risk of both outcomes
(figure 5A,B and online supplemental table 7). While
the risk was increased among subjects with high random
BG levels on admission, the magnitudes of the associ-
ated mortality differed depending on the baseline
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Table 1 Baseline characteristics of the studied cohorts at hospital admission
Overall study
population Diabetes No diabetes

Characteristic N=2069 N=448 N=1621 P value

Age, mean (SD), years 67.8 (15.7) 71.7 (11.9) 66.6 (16.3) <0.001

Age, median (P25, P75), years 69.0 (57.0, 80.0) 72.0 (64.0, 80.0) 67.0 (55.0, 79.0) <0.001

Sex (male), n (%) 1205 (60.3) 304 (67.9) 950 (58.6) <0.001

Glucose, mean, (SD) <0.001
mg/dL 124 (47.7) 168 (74.4) 112 (24.8)
mmol/L 6.8 (2.6) 9.3 (4.1) 6.2 (1.4)

Comorbidities, n (%)
Hypertension 651 (31.5) 224 (50.0) 427 (26.3) <0.001
Hyperlipidaemia 409 (19.8) 154 (34.4) 255 (15.7) <0.001
Obesity 117 (5.65) 45 (10.0) 72 (4.44) <0.001
Cardiovascular diseases 77 (8.72) 28 (6.25) 49 (3.02) 0.002
Heart failure 51 (2.46) 8 (4.02) 33 (2.04) 0.026
Cerebrovascular diseases 27 (1.30) 0 (2.23) 17 (1.05) 0.086
Ischaemic heart disease 47 (2.27) 8 (4.02) 29 (1.79) 0.009
Chronic kidney disease 76 (3.67) 30 (6.70) 46 (2.84) <0.001
Chronic obstructive pulmonary disease 112 (5.41) 34 (7.59) 78 (4.81) 0.029
Asthma 2 (0.10) 0 (0.00) 2(0.12) 1.000
Mental disorders 114 (5.51) 35 (7.81) 79 (4.87) 0.022
Cancer 117 (5.65) 36 (8.04) 81 (5.00) 0.019

Pharmacological therapy, n (%)
Biguanides 66 (3.19) 66 (14.7) 0 (0.00) <0.001
Sulfonylureas 1 (0.05) 1(0.22) 0 (0.00) 0.217
Dipeptidyl peptidase 4 inhibitors 11 (0.53) 11 (2.46) 0 (0.00) <0.001
Fast-acting insulins 95 (4.5) 66 (14.7) 29 (1.79) <0.001
Intermediate-acting insulins 9 (0.43) 7 (1 .56) 2 (0.12) 0.001
Long-acting insulins 23 (1.11) 0 (4.46) 3(0.19) <0.001
Antibiotics 1882 (91.0) 421 (94.0) 1461 (90.1) 0.016
Antithrombotics 1752 (84.7) 396 (88.4) 1356 (83.7) 0.017
Renin-angiotensin system agents 523 (25.3) 153 (34.2) 370 (22.8) <0.001
Beta blocking agents 316 (15.3) 104 (28.2) 212 (13.1) <0.001
Calcium channel blockers 384 (18.6) 118 (26.3) 266 (16.4) <0.001
Diuretics 508 (24.6) 185 (41.3) 323 (19.9) <0.001
Statins 256 (12.4) 88 (19.6) 168 (10.4) <0.001
Systemic corticosteroids 977 (47.2) 267 (59.6) 710 (43.8) <0.001
Tocilizumab 421 (20.3) 137 (30.6) 284 (17.5) <0.001

P25, P75=25th and 75th percentile, respectively.

values, with a large increase in the log odds of death or
IMV with values up to 200 mg/dL (11.1 mmol/L), and
smaller increases above this level. The logistic regres-
sion models (figure 6A,B) showed that the highest
probability of death (near 50%) was at around 550 mg/
dL (30.6 mmol/L) and, above this value, the mortality
risk flattened. Finally, the multivariate model showed
that, beside glucose at admission, male sex, older age,

CKD and COPD were associated with in-hospital death
(online supplemental table 7). These variables were
linked to death or IMV too, but obesity was an addi-
tional risk factor (online supplemental table 7).

DISCUSSION
Data from this cross-sectional study showed that the
COVID-19-related in-hospital death rate was higher
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Figure 2 Proportion of events (%) during hospitalisation according to the presence of diabetes. **P<0.001; **p<0.01; *p<0.05.
ARDS, acute respiratory distress syndrome; DM, diabetes mellitus; ICU, intensive care unit; IMV, invasive mechanical ventilation.

among subjects with DM than those without. Moreover,
DM was independently associated with the risk of in-hos-
pital case fatality and the composite outcome, death or
IMV. In the DM group, both outcomes were associated
with older age, male sex and pre-existing CKD. Finally,
we observed a non-linear relationship between BG levels
on admission and the probability of death and death or
IMV in the overall inpatient population.

In our study, the proportion of severe COVID-19 cases
(eg, requiring IMV or ICU admission) in the popula-
tion with DM was higher than in the non-DM cohort.

@ In-hospital death & In-hospital death or IMV
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Figure 3 Clinical and demographic variables associated
with increased risk of in-hospital death and the composite
outcome of death or invasive mechanical ventilation (IMV).
CKD, chronic kidney disease; COPD, chronic obstructive
pulmonary disease; CVD, cardiovascular disease; DM,
diabetes mellitus; HF, heart failure.

Moreover, patients with DM were more frequently men
and over 65 years, had more comorbid conditions, and
higher levels of inflammatory, endothelial, and coag-
ulation dysfunction markers on admission. Different
meta-analyses have reported that older age and male
sex are characteristics associated with severe COVID-19
infection and high fatality rates.'” ***! Along the same
line, studies assessing the phenotypic characteristics
of patients with COVID-19 with pre-existing DM have
found that those with severe infection were older, had
more comorbidities (ie, cerebrovascular disease, CVD,
hypertension and COPD), and increased values of
inflammation, endothelial and coagulation dysfunction
markers (eg, D-dimer, procalcitonin and thrombocyto-
penia), than those without DM 303

In our study, patients with DM had significantly higher
creatinine on admission, lower eGFR and more frequently
pre-existing CKD than subjects without DM. Besides,
CKD was the only comorbid condition increasing the
odds (threefold increase) of in-hospital death (and death
or IMV) among the DM cohort after adjusting for age,
sex and confounding variables. Different meta-analyses
have identified CKD as a risk factor for severity and
in-hospital death in SARS-CoV-2-infected patients.” **-*
Moreover, a recent study conducted in Danish hospital-
diagnosed patients with COVID-19 reported that
kidney insufficiency was independently associated with
increased risk of severe disease or death, and the degree
of renal impairment inversely correlated with the rate of
adverse outcomes.™ Although it is difficult to distinguish
whether poor outcomes are linked to acute kidney injury
(AKI) developed during the course of the disease, or to
pre-existing CKD,” a study conducted in Spain showed
that patients with increased creatinine on admission,
previous CKD or developing AKI had a higher risk of
in-hospital death than those with normal creatinine on
admission.** Of note, the authors found that older age
and diabetes, but not other comorbidities, were associ-
ated with in-hospital death.” Finally, a study conducted
in Mexico reported that patients with DM and CKD had
a twofold higher rate of intubation, 56% higher ICU
admission and 21% excess probability of case fatality
once admitted, than subjects with CKD alone.
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Figure 4 Clinical and demographic variables associated
with increased risk of in-hospital death and the composite
outcome of death and/or invasive mechanical ventilation
(IMV) in subjects with diabetes (A) and without diabetes (B).
CKD, chronic kidney disease; COPD, chronic obstructive
pulmonary disease; CVD, cardiovascular disease; HF, heart
failure.

In our study, we used splines as a scientific and pref-
erable alternative to the categorisation of BG levels.*
We used this approach because a recent dose—response
meta-analysis demonstrated a non-linear relationship
between admission fasting blood glucose (FBG) level and
COVID-19 severity, with high levels being significantly

A

& 4

:

B

-4

]

5

L 2

2

:

3

1 D e
Glucose value (mg/dL)

B

Log odds of in-hospital mortality or IMV

1D U R I
. Glucose valu (mg/dL)

Figure 5 Spline plot demonstrating a marked non-linearity
in the relationship between plasma glucose (mg/dL) levels
on admission and the log odds of death (A) and death or
invasive mechanical ventilation (IMV) rate (B). Tick marks
above the horizontal axis indicate the values at which the
observations were made. The dotted lines represent the
95% CI. The model was adjusted for age, sex, obesity,
hypertension, hyperlipidaemia, history of CVD, HF, CKD
and COPD. CKD, chronic kidney disease; COPD, chronic
obstructive pulmonary disease; CVD, cardiovascular disease;
HF, heart failure.

associated with increased mortality and poor outcome,
regardless of pre-existing DM.* These results confirmed
previous observations that FBG on admission, and the
odds of being admitted to the ICU, followed a logarithmic
association, with different magnitudes of risk depending
on the baseline level.*?> We add to the literature that,
besides the previously reported effect of hyperglycaemia
on the risk of COVID-19 severity, ICU admission and
mortality,”* * BG has a non-linear relationship with case
fatality and the risk of death or IMV. It is possible that
this relationship was also accompanied by, or reflected
glycaemic variability and less time spent in range. Indeed,
glycaemic fluctuation has been reported to be inde-
pendently associated with poor prognosis and mortality
in COVID-19 hospitalised patients.* In the same vein, a
study on ICU patients showed that the less time spent in
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Figure 6 Predicted probability of in-hospital death (A) and
death or IMV (B) based on generalised smoothing splines.
The shaded area represents the 95% CI. The model was
adjusted for age, sex, obesity, hypertension, hyperlipidaemia,
history of CVD, HF, CKD and COPD. CKD, chronic kidney
disease; COPD, chronic obstructive pulmonary disease;
CVD, cardiovascular disease; HF, heart failure; IMV, invasive
mechanical ventilation.

range was associated with increased utilisation of a venti-
lator, prolonged mechanical ventilation and increased
mortality.45 Most importantly, a spline analysis of glucose
levels in patients with DM with continuous glucose moni-
toring showed a non-linear relationship between time
spent above range and glycaemic variability with the
increased likelihood of composite adverse COVID-19
outcomes (need for ICU admission, mechanical ventila-
tion or critical illness).*

Limitations of this study

The findings of this study must be interpreted with
caution and a number of limitations should be borne
in mind. First, we had limited data for SARS-CoV-2-
infected persons. For instance, we did not have access to
the patient’s medical history prior to admission; so the
possibility exists that some important medical conditions
were not included in the emergency room medical report
and, therefore, not included in the analysis. Moreover,

data on sociodemographic characteristics (ethnicity,
race, economic or educational status) and toxic habits
(smoking, alcohol or drug use) were not available.
Second, we had very few registers for some important
variables for diabetes, such as HblAc (data from only
36 patients) and no data on weight or BMI. Indeed, no
more than 10% of the patients had documented obesity,
which is clearly lower than the expected prevalence in the
general population. This was most probably related to the
clinician’s under-recording of this particular condition
and to the fact that, during the first wave, obesity had not
yet been identified as a significant risk factor and thus
not specifically registered. Thirdly, the selection of DM
subjects was made based on a proxy algorithm (including
DM diagnosis during the hospital stay, antidiabetic treat-
ment, and HbAlc and blood glucose levels at admission),
which could have introduced selection or referral bias,
potentially leading to an inaccurate estimation of DM
prevalence. Besides, we had no access to the patients’
treatments prior to hospital admission. Since the propor-
tion of patients identified as having diabetes and receiving
glucose-lowering agents was surprisingly low (approxi-
mately 40%), this can be also attributed to antidiabetic
treatment under-reporting at admission. Fourth, and
inherent to data coming from hospital medical records,
missing values could have reduced the statistical power
of the study, or produced biased estimates. Fifth, we used
random BG on admission for the spline analyses, thus
preventing the distinction between stress-related hyper-
glycaemia and uncontrolled pre-existing DM. This also
prevented the analysis of time in range or BG variability,
both being linked to increased severity, case fatality and
poor COVID-19 outcomes.**™*® Lastly, the study period
coincides with the height of the first pandemic wave in
Spain, when there was a shortage of ventilators and inten-
sive care beds. At this point, age was the deciding factor
for whether or not someone received potentially life-
saving ICU care. This might be reflected in our results,
where in-hospital death was more frequent among those
over 65 years, but ICU admission was more frequent
among those <65 years.

CONCLUSIONS

The results of our study confirm the high burden associ-
ated with DM in patients hospitalised due to SARS-CoV-2
infection. Comorbid DM poses a challenge to health
professionals and the system because it is associated with
severe disease, higher ICU admission rates, IMV and ulti-
mately death, particularly among the elderly. The non-
linear relationship of hyperglycaemia at admission with
increased odds of death and IMV suggests that optimising
glycaemic control during the hospital stay could help to
reduce in-hospital death and the composite death/IMV.
Besides, out-of-hospital care should be a priority to reduce
or prevent uncontrolled glycaemia among those with DM,
as it could potentially help reduce poor outcomes when
hospitalisation is required.
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