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ARTICLE INFO ABSTRACT

Keywords: Background and aims. - We describe mortality-related risk factors of inpatients with diabetes and coro-
Chronic kidney disease navirus disease 2019 (COVID-19) in Belgium.

Metformi{‘ Methods. — We conducted a multicenter retrospective study from March to May, 2020, in 8 Belgian centers.
g;‘\%i‘é‘:\‘/‘_az Data on admission of patients with diabetes and COVID-19 were collected. Survivors were compared to
Prognosis non-survivors to identify prognostic risk factors for in-hospital death using multivariate analysis in both

the total population and in the subgroup of patients admitted in the intensive care unit (ICU).
Results. — The study included 375 patients. The mortality rate was 26.4% (99/375) in the total population
and 40% (27/67) in the ICU. Multivariate analysis identified older age (HR 1.05 [CI 1.03-1.07], P<0.0001)
and male gender (HR 2.01 [1.31-3.07], P=0.0013) as main independent risk factors for in-hospital death
in the total population. Metformin (HR 0.51 [0.34-0.78], P=0.0018) and renin-angiotensin-aldosterone
system blockers (HR 0.56 [0.36-0.86], P=0.0088) use before admission were independent protective
factors. In the ICU, chronic kidney disease (CKD) was identified as an independent risk factor for death
(HR 4.96 [2.14-11.5], P<0.001).
Conclusion. - In-hospital mortality due to the first wave of COVID-19 pandemic in Belgium was high in
patients with diabetes. We found that advanced age and male gender were independent risk factors for
in-hospital death. We also showed that metformin use before admission was associated with a significant
reduction of COVID-19-related in-hospital mortality. Finally, we showed that CKD is a COVID-19-related
mortality risk factor in patients with diabetes admitted in the ICU.

© 2023 Elsevier Masson SAS. All rights reserved.
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1. Introduction

Since the onset of the pandemic in Wuhan, China, at the end
of 2019 [1], almost 500 million people have been infected by the
new severe acute respiratory syndrome coronavirus 2 (SARS-CoV-
2) and more than 6 million people died from coronavirus disease
2019 (COVID-19) worldwide [2].

Diabetes mellitus was identified early on as a risk factor
for adverse outcomes due to COVID-19. According to the first-
published Chinese data, diabetes prevalence reached 5% to 19%
among individuals with COVID-19, a higher prevalence being found
among inpatients [3]. The rate of critical COVID-19 requiring inten-
sive care unit (ICU) admission or causing death rose to 25-30%
in patients with diabetes during the first wave of the pandemic,
when the SARS-CoV-2 wild-type (Wuhan-Hu-1) was predominant
[4-7]. The case fatality rate of individuals with diabetes was up to 8
times higher than that of those without diabetes [3]. A recent meta-
analysis including more than 400.000 patients showed thatrelative
mortality due to COVID-19 was increased by 17 to 52% among inpa-
tients with diabetes compared to those without diabetes [8].

Obesity, hypertension, cardiovascular disease, older age and
male gender were also identified as independent risk factors for
poor outcomes due to COVID-19, independently of diabetes [8,9].
These factors as well as cognitive impairment, chronic kidney
disease (CKD), and chronic obstructive pulmonary disease were
pointed out by several observational studies as factors of poor prog-
nosis in patients with diabetes [10-18].

Diabetes is a heterogeneous disease. However, whether dia-
betes type and/or diabetes-related clinical (e.g. macrovascular
and microvascular complications, and body mass index (BMI)) or
biological characteristics (e.g. glycated hemoglobin Alc (HbA1lc)
level) affect COVID-19 outcome remains debated. From large
cohort studies and meta-analyses, the odds for COVID-19-related
hospitalization and mortality seem increased in both type 1
diabetes mellitus (T1IDM) and type 2 diabetes mellitus (T2DM)
[8,19-24]. Furthermore, poor glycemic control on admission (ele-
vated HbA1c and/or plasma glucose), microvascular complications,
and treatment with insulin were associated with higher risk of
COVID-19-related hospitalization, disease severity and/or death
[9,19-22,25-34].

In Belgium, pre-existing diabetes was reported in 21.5% of
patients hospitalized with COVID-19 by the Belgian Public Health
Institute (Sciensano) [35]. This figure is higher than that reported
in the general population (6% and 14% in people older than 15
years and 65 years, respectively) [36]. Nevertheless, the phenotype
and prognostic factors for in-hospital mortality of patients with
diabetes in Belgium are poorly described [14]. In this multicen-
ter retrospective study, we aimed to describe the characteristics
and prognostic factors for in-hospital mortality in patients with
diabetes and COVID-19 during the first months of the pandemic.

2. Patients and methods
2.1. Study design and population

This multicenter retrospective cross-sectional study was car-
ried out in 8 Belgian centers (Table 1), including two academic
tertiary care centers, from March 1, 2020 to May 6, 2020. Dur-
ing this period, referred as the first wave of the pandemic, the
SARS-CoV-2 wild-type (Wuhan-Hu-1) was predominant [7,37].
Inpatients with both diabetes and confirmed COVID-19 were iden-
tified based on institutional registries. Clinical and biological data
were extracted from medical records of the participating centers.
The institutional review board approved the present study (N_.CEHF
2020/22MAI/290).
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Table 1
Number of patients recruited from participating centers.

Center Number of Number/total
patients population (%)

CHR de Huy 23 6%

CH de Mouscron 29 8%

Clinique Saint-Luc Bouge 31 8%

Hopital Universitaire Erasme 36 10%

Cliniques Saint-Jean 49 13%

Hopital de Jolimont 49 13%

Cliniques Universitaires Saint-Luc 73 19%

CHU Ambroise-Paré 85 23%

Total 375 100%

CHR: Centre Hospitalier Régional; CH: Centre Hospitalier; CHU: Centre Hospitalier
Universitaire.

Patients included in the study had known or newly diagnosed
preexisting diabetes (HbAlc > 6.5% on admission). These patients
were hospitalized with COVID-19, diagnosed on the basis of a posi-
tive SARS-CoV-2 real-time polymerase chain reaction (RT-PCR) test
on nasopharyngeal swab and/or on a chest computed tomogra-
phy (CT) scan consistent with SARS-CoV-2 pneumonia (bilateral
ground-glass opacities) [38]. The hospital stay ended with an
unequivocal outcome (discharged alive from hospital or in-hospital
death). Pregnant women, children (aged <18 years) and patients
with glucocorticoid-induced hyperglycemia during the hospital
stay were excluded. Glucocorticoid-induced hyperglycemia was
considered in patients with no history of diabetes, HbA1c<6.5% on
admission, and occurrence of hyperglycemia after glucocorticoid
administration during the hospital stay as well as in patients with
a diagnosis of glucocorticoid-induced hyperglycemia at the end of
the hospital stay by the attending physician.

2.2. Study aims

The primary aims were to describe the clinical, biological, and
radiological characteristics on admission of patients with diabetes
and COVID-19 as well as their prognostic factors for in-hospital
death by comparing survivors to non-survivors. The secondary aims
were to describe the characteristics on admission and the prognos-
tic factors for in-hospital death in the subgroup of patients admitted
in the ICU.

2.3. Data abstraction

Physicians from each participating center extracted data from
electronic medical records. Demographic and clinical data included
age, gender, place of residence (living at home or institutionalized),
type and duration of diabetes, BMI, microvascular (retinopa-
thy, nephropathy, neuropathy, and foot ulcer) and macrovascular
(ischemic heart disease, peripheral arterial disease, ischemic cere-
brovascular disease (transient ischemic attack and/or stroke))
disease, and other pre-existing comorbidities such as hypertension,
dyslipidemia (hypercholesterolemia and/or hypertriglyceridemia),
current tobacco use, chronic pulmonary disease, CKD (related or
not to diabetes), solid cancer and/or hemopathy, chronic liver
disease, cardiovascular disease (CVD) and cognitive impairment.
CKD was considered in patients with glomerular filtration rate
<60mL/min/1.73m?2 and a history of chronic kidney disease based
on the electronic medical records. We also considered patients
with a diagnosis of CKD at the end of the hospital stay by the
attending physician. Medications taken regularly before admission
were also recorded. Regarding SARS-CoV2 infection, duration and
type of symptoms were recorded, with influenza-like symptoms
including headache, myalgia, arthralgia, and fatigue. The severity
of COVID-19 was defined as mild with symptoms of upper respira-
tory tract infection, moderate with clinical or radiographic lower
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respiratory tract disease without hypoxemia (oxygen saturation
(SpO-) >94%), severe with clinical or radiological pneumonia with
hypoxemia (SpO, <94%, respiratory rate > 30 breaths per minute,
and/or infiltrates > 50% of lung fields), and critical when requiring
ICU admission [39]. Patients deemed not suitable for ICU admission
and invasive procedures including cardiopulmonary resuscitation
owing to older age and/or comorbidities were identified.

Biological data on admission included HbAlc (on admis-
sion or last value available within six months), plasma glucose,
hemoglobin, white blood cells count, lymphocytes count, platelets
count, C-reactive protein (CRP), glomerular filtration rate (GFR,
calculated by the CKD-EPI formula), lactate dehydrogenase,
creatine phosphokinase, aspartate-aminotransferase, and alanine-
aminotransferase.

The radiological severity of SARS-CoV-2 pneumonia on admis-
sion was based on the extent of lung surface area showing lesions on
chest-CT and was defined as severe when infiltrates involved > 50%
of lung fields [40].

In-hospital treatments for COVID-19 (oxygen therapy, antibi-
otics, hydroxychloroquine, corticosteroids), and requirement for
non-invasive ventilation were recorded, as well as ICU admission
and requirement for invasive mechanical ventilation (IMV). The
outcome of COVID-19 (discharged alive from hospital or in-hospital
death) was recorded as well as the total length of stay in survivors.

2.4. Statistical analysis

Continuous data are reported as medians and interquartile
range [IQR: P25-P75]. Categorical variables are reported as num-
bers, frequencies, or percentages of participants, based on available
data. Differences between groups were assessed by Mann-Whitney
U test for continuous variables and by Chi2 or Fisher’s exact
test for categorical variables, as appropriate. A univariate logistic
regression analysis was performed for each demographic, clini-
cal, radiological, and biological characteristic, except for the type
of diabetes. A multivariable logistic regression model, namely a
frailty model, was used to identify prognostic factors for in-hospital
death, after adjustment for age and sex. This multivariable logis-
tic regression model takes into account the effects of unobserved
heterogeneity between groups (center effect) [41]. We used four
distinct models to analyze the total population. Each model was
adjusted for age, sex, and center effect. Models 2, 3, and 4 were
also adjusted for HbA1c and BMI; long-term diabetes complica-
tions and metformin; CKD, renin-angiotensin-aldosterone system
(RAAS)blockers (angiotensin-converting-enzyme inhibitors and/or
angiotensin Il receptor blockers) and CRP, respectively. One model
was applied to the UCI population. This model was adjusted for
age, sex, center effect, and CKD. The variables selected for the mul-
tivariate models were either different to the statistical significance
level in univariate analysis (P value <0.10) or shown to be signif-
icant in the existing literature and deemed clinically pertinent. A
P value <0.05 was considered statistically significant in the multi-
variate analysis. Statistical analysis was performed with JMP Pro
16.0.0 and SPSS version 27.

3. Results
3.1. Patients’ characteristics

A total of 375 patients were included in the study (Table 2).
The diagnosis of COVID-19 was based on a positive SARS-CoV-
2 RT-PCR test in 97% of cases. The median age was 73 [IQR:
64-81] years. Women represented 43% of the cohort. Most patients
had T2DM (91%) while TIDM accounted for less than 1% of the
patients. Newly diagnosed diabetes and secondary diabetes (due to
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kidney transplantation, chronic pancreatic disease, or pancreatec-
tomy) accounted for 4% each, while the type of diabetes remained
unknown in the remainder (data not shown). Median HbA1c was
7.1 [6.3-8.0] %. Median duration of diabetes was 11 [6-19] years.
Obesity (BMI > 30 kg/m?2) was reported in 49% and class 3 obesity
(BMI > 40 kg/m?2) in 9% (22/257) of the patients. Hypertension and
dyslipidemia were found in 79% and 74% of the patients, respec-
tively. History of either CVD or CKD was present in 54% and 37%
of patients, respectively. Microvascular and macrovascular com-
plications were highly prevalent. Fifty-three percent of patients
suffered from at least one of them and 33% had microvascular
disease (data not shown). Metformin was the most frequently
used glucose-lowering medication (61%), while 38% of the patients
were on insulin therapy and 21% on sulfonylureas. RAAS blockers
(angiotensin-converting-enzyme inhibitors and/or angiotensin II
receptor blockers) and statins were taken before admission by 51%
and 53% of patients, respectively.

The median duration of COVID-19 symptoms before hospital
admission was 4 [2-7] days. The commonest symptoms were dys-
pnea (64%), cough (63%), fever (62%) and influenza-like symptoms
(52%). When performed, chest-CT scans showed severe COVID-19
pneumonia in 51% (96/189) of cases, while ground-glass opaci-
ties were present in 86% (data not shown). Biological findings on
admission showed an inflammatory syndrome with elevated CRP
in 94% of patients. Lymphopenia was found in 61% of patients.
A GFR<60mL/min/1.73m?2 was found in 54% of patients. Median
plasma glucose on admission was 153 [119-210] mg/dL. Four
patients had hypoglycemia on admission (<70 mg/dL) (data not
shown).

3.2. Outcome and treatments of COVID-19

In the total population, 99 patients (26%) died from COVID-19
and 67 (18%) were admitted to the ICU. Among the latter, 37 (55%)
patients required IMV, and 27 (40%) died. Patients deemed unfit for
ICU admission and invasive procedures represented 39% (145/374)
of the total population. COVID-19-related medical treatments con-
sisted of oxygen (81%), hydroxychloroquine (59%) and corticoids
(12%). There was no effect of hydroxychloroquine on mortality in
the univariate analysis. Half of the patients (50%) received antibi-
otics.

3.3. Risk factors for in-hospital death in the total population

In the univariate analysis, non-survivors were older (P<0.0001)
and were more often men (P=0.019) than survivors (Table 2).
Comorbidities such as cancer/hemopathy (P=0.007), CKD
(P=0.020) and/or cognitive impairment (P<0.001) were more
prevalent in non-survivors. Survivors were more frequently treated
with metformin (P<0.001) and/or RAAS blockers (P =0.045) before
admission than non-survivors. Severe pneumonia on chest-CT
was found more often in non-survivors (P=0.018). Non-survivors
had more frequently hyperleukocytosis (P=0.001), elevated CRP
(P=0.034), and a GFR <60 mL/min/1.73m? (P<0.01) on admission.

Multivariate analyses are shown in Table 3. No center effect was
found. Advanced age and male gender were found as independent
risk factors for in-hospital death across all models, except model
2. Metformin use before admission was associated with decreased
mortality risk (HR 0.51 [0.34-0.78], P=0.0018) in model 3. RAAS
blockers use before admission were associated with decreased
mortality risk(HR 0.56 [0.36-0.86], P= 0.0088) in model 4. CRP level
on admission was a mortality risk factor in model 4 (HR 1.00031
[1.001-1.005] per one milligram per liter increase, P=0.0081).
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Table 2
Characteristics before admission of patients with diabetes hospitalized with COVID-19.
Variables Total population (n=375) Survivors (n=276) Non-survivors (n=99) p value
Age (years) 73 [64-81] 72 [61-79] 78 [72-85] <0.001
Gender (female/male) 163/375 (43%) 130/276 (47%) 33/99 (33%) 0.019
Types of diabetes
Type 1 3/375 (0.8%) N/A N/A N/A
Type 2 342/375 (91%) N/A N/A N/A
BMI (kg/m?) 29[26-33] 29[26-33] 28 [24-34] 0.791
BMI class
>30 kg/m? 142/289 (49%) 110/223 (49%) 32/66 (49%) 1.000
>40 kg/m? 22257 (9%) 14/200 (7%) 8/57 (14%) 0.104
HbA1c (%) 7.1[6.3-8.0] 7.1[6.3-8.1] 6.7 [6.2-7.8] 0.091
Diabetes duration (years) 11[6-19] 10[5-19] 12 [9-20] 0.069
Microvascular and/or macrovascular complications 189/358 (53%) 130/262 (50%) 59/96 (62%) 0.056
Glucose-lowering agents
Metformin 217/357 (61%) 174/261 (67%) (46/96 (45%) <0.001
DPP4-inhibitors 19/357 (5%) 14/261 (5%) 5/96 (5%) 1.000
Sulfonylurea/glinides 75/357 (21%) 58/261 (22%) 17/96 (18%) 0.973
SGLT2-inhibitors 20/357 (6%) 14/261 (5%) 6/96 (6%) 0.796
GLP1-RA 11/357 (3%) 10/261 (4%) 1/96 (1%) 0.301
Insulin 137/357 (38%) 97/261 (37%) 40/96 (42%) 0.465
Comorbidities
Hypertension 293/371 (79%) 214/271 (78%) 79/98 (81%) 0.773
Dyslipidemia 268/363 (74%) 193/266 (73%) 75197 (77%) 0.419
Current tobacco use 26/358 (7%) 15/267 (6%) 11/91 (12%) 0.058
Cardiovascular disease 189/352 (54%) 134/257 (52%) 55/95 (58%) 0.399
Chronic pulmonary disease 98/352 (28%) 65/257 (25%) 33/95 (35%) 0.083
Chronic kidney disease 131/352 (37%) 85/257 (33%) 46/95 (48%) 0.020
Cognitive impairment 81/352 (23%) 47[257 (18%) 34/95 (36%) <0.001
Chronic liver disease 35/352 (10%) 28/257 (11%) 7/95 (7%) 0.423
Cancer/hemopathy 53/352 (15%) 30/257 (12%) 23/95 (24%) 0.007
Routine medication
RAAS blockers? 190/373 (51%) 149/275 (54%) 41/98 (42%) 0.045
Beta-blockers 174/373 (46%) 127/275 (46%) 47/98 (48%) 0.814
Diuretics 138/373 (37%) 101/275 (37%) 37/98 (38%) 0.903
Statins 199/373 (53%) 145/275 (53%) 54/98 (55%) 0.724
Positive SARS-CoV-2 RT-PCR 365/375 (97%) 269/276 (98%) 69/99 (70%) 0.728
Time before hospital admission (days) 412-7] 5[2-8] 3[1-6] 0.005
Clinical signs
Fever 232/374 (62%) 163/276 (59%) 69/98 (70%) 0.053
Dyspnea 240/373 (64%) 175/276 (63%) 65/98 (67%) 0.541
Cough 234/373 (63%) 181/276 (66%) 53/98 (55%) 0.067
Influenza-like illness® 195/373 (52%) 158/276 (57%) 37/97 (38%) 0.001
Pneumonia 324/353 (92%) 238/263 (91%) 86/90 (96%) 0.181
Infiltrates >50% of lung fields (chest-CT) 96/189 (51%) 65/142 (46%) 31/47 (66%) 0.018
Biological findings
CRP (mg/L) 76 [38-138] 69[31-130] 106 [53-170] <0.001
GFR (mL/min/1.73m?)° 58 [42-82] 62 [44-84] 53 [32-75] 0.011
LDH (%ULN) 136 [102-181] 132[99-178] 153[119-187] 0.007
ALT (BULN) 71 [42-108] 70 [42-107] 71 [42-113] 0.135
AST (%ULN) 103 [71-153] 95 [64-146] 125 [88-335] 0.383
White blood cells (/mm?) 6555 [5471-8815] 6400 [4710-8420] 7210 [5000-10350] 0.012
Lymphocytes (/mm?3) 940 [670-1280] 960 [680-1290] 890 [640-1230] 0.130
Hemoglobin (g/dL) 12.9[11.5-14.4] 13.1[11.5-14.4] 12.5[10.2-14.2] 0.118
Plasma glucose (mg/dL) 153 [119-210] 150 [122-206] 163 [121-206] 0373

Data are expressed as medians [IQR], or % (n/N), where n is the available total number of cases per group. P value <0,05 is considered as statistically significant. N/A: not
applicable; BMI: body mass index; HbA1c: glycated hemoglobin Alc; DPP4: dipeptidyl peptidase-4; SGLT2: sodium/glucose co-transporter type 2; GLP1-RA: glucagon-like
peptide-1 receptor agonist; RAAS: renin-angiotensin-aldosterone system; RT-PCR: real-time polymerase chain reaction; CT: computed tomography; CRP: C-reactive protein;
ULN: upper limit of normal; GFR: glomerular filtration rate; LDH: lactate dehydrogenase; ALT: alanine-aminotransferase; AST: aspartate-aminotransferase.

2 RAAS blockers include angiotensin-converting-enzyme inhibitors and angiotensin II receptor blockers.

b Included headaches, myalgia, arthralgia, and fatigue.
¢ GFR was calculated by the CKD-EPI formula.

3.4. Characteristics of patients admitted to ICU

ICU patients’ characteristics are shown in ESM Table 1. The
median age was 70 [63-77] years. Men represented 73% of the
cohort. The median symptoms duration before admission was
5 [3-7] days. Ninety percent of patients had T2DM (data not
shown), and median HbA1c was 7.0 [6.3-8.0] %. The commonest
comorbidities were hypertension (82%), dyslipidemia (70%), CVD
(50%), and chronic pulmonary disease (39%). Microvascular and/or
macrovascular complications were found in 42% of patients. Most
patients were on metformin before admission (66%) while 27% of

patients were on insulin and 18% on sulfonylureas. RAAS blockers
and statins were taken by 62% and 46% of patients, respectively.
Compared to patients not admitted to ICU, those patients in ICU
were more frequently men (P=0.003), younger (P=0.016), more
often obese (P=0.047), and had more chronic pulmonary disease
(P=0.031) in the univariate analysis. However, they had less often
CKD and cognitive impairment (P=0.003 and 0.032, respectively).
ICU patients required more often oxygen therapy (P<0.017), antibi-
otics (P<0.0001), and glucocorticoids (P=0.001), whereas the use
of hydroxychloroquine was not statistically different between ICU
and no ICU groups (P=0.412).
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Table 3
Risk factors for in-hospital death from COVID-19 in the total population.
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Variables Multivariate Model 1

Multivariate Model 2

Multivariate Model 3 Multivariate Model 4

HR Cl pvalue HR Cl

pvalue HR Cl pvalue HR Cl p value

Age (years) 1.05 1.03-1.07 <0.001 1.02
Gender (male) 2.01 1.31-3.07 0.001 1.64
Center effect N/A N/A 0.220 N/A N/A
HbAlc >7% - - - 0.95
BMI > 30 kg/m? - - - 127
Hypertension - - - _

Dyslipidemia - - - _ _
Chronic kidney disease - - - - _
Cognitive impairment - - - - _
Cancer/hemopathy - - - - _
Microvascular and/or - - - - -

macrovascular complications

Metformin - - - - _
RAAS blockers? - - - - -
Infiltrates > 50% of lung fields - - - - -
Hyperleukocytosis - - - - _
CRP (mg/L) - - - - -

0.99-1.05
0.89-3.03

0.52-1.72
0.68-2.36

0.170 1.04 1.02-1.07 <0.001 1.5 1.02-1.07 <0.001
0120 222 141-349 <0.001 226 1.40-3.66 <0.001
0250 N/A NJA 0170  N/A N/A 0.280
0860 - - - - - -
0450 - - - - - -

0.79-1.93 0.350

0.59-1.45 0.730 - - -

0.34-0.78  0.001 - - -
- - . = 0.56 0.36-0.86 0.008

1.0031 1.001-1.005  0.008

All models are adjusted for age, gender, and center effect. Model 1 was applied to 375 patients of whom 99 died, yielding a case fatality rate of 26.4%. Model 2 also adjusted
for HbA1c and BMI, was applied to 224 patients, of whom 45 died, yielding a case fatality rate of 20.1%. Model 3 also adjusted for long-term diabetes complications and
metformin, was applied to 346 patients of whom 94 died, yielding a case fatality rate of 21.2%. Model 4 also adjusted for chronic kidney disease, RAAS blockers and CRP, was
applied to 340 patients, of whom 87 died, yielding a case fatality rate of 25.6%. HR: hazard ratio; CI: confidence interval; BMI: body mass index; HbA1c: glycated hemoglobin
Alc; RAAS: renin-angiotensin-aldosterone system; CRP: C-reactive protein; N/A: not applicable.

2 RAAS blockers include angiotensin-converting-enzyme inhibitors and angiotensin II receptor blockers.

Table 4
Multivariate analysis of risk factors for in-hospital death from COVID-19 in the ICU
population.

Variables HR Cl Pvalue
Age (years) 1.09 1.04-1.15 <0.001
Gender (male) 1.58 0.58-4.34 0.270
Center effect N/A N/A 0.650
Chronic kidney disease 4.96 2.14-11.5 <0.001

The model was applied to 64 patients of whom 26 died, yielding a case fatality rate
of 41%. Three patients were excluded due to missing data. ICU: intensive care unit;
HR: hazard ratio; CI: confidence interval; N/A: not applicable.

3.5. Risk factors for in-hospital death in the ICU population

In the univariate analysis, non-survivors were older (P=0.02),
had more often dyslipidemia (P=0.030), CKD (P<0.001) and/or
cancer/hemopathy (P=0.039) than survivors. Regarding glucose-
lowering therapies, insulin use prior to admission was more
frequent in non-survivors (P=0.011). Severe pneumonia on chest-
CT (P=0.028), and anemia (P<0.0001) on admission were more
prevalent in non-survivors.

The multivariate analysis is shown in Table 4. No center effect
was found. Advanced age (HR 1.09 [1.04-1.15], P<0.001) and CKD
(HR 4.96 [2.14-11.5], P<0.001) were found as independent risk
factor for in-hospital death.

4. Discussion

This is the first multicenter retrospective study describing the
clinical characteristics and prognosis of inpatients with diabetes
and COVID-19 during the first two months of the pandemic in
Belgium, when the SARS-CoV-2 wild-type (Wuhan-Hu-1) was pre-
dominant.

Included patients were mainly men over 65 years. Their charac-
teristics were quite similar to those of inpatients with diabetes and
COVID-19 from other European studies [15,16,33,34]. In our study,
patients with T1IDM represented less than 1% of the total popula-
tion. This figure is lower than those of the European ACCREDIT (5%)
and CORONADO (3%) studies [33,34]. However, the high prevalence

of T2DM in our cohort s consistent with other studies [12,33,34,42].

The prevalence of obesity, microvascular and/or macrovascu-
lar complications and other comorbidities including hypertension,
CVD and CKD was high. As a result, RAAS blockers and statins
were frequently taken before admission in included patients. In our
cohort, glycemic control was deemed acceptable (median HbAlc
7.1%). In the French CORONADO study, 38% of patients were obese
and the median HbA1c was higher (8.1%) [33]. In the UK multicen-
ter ACCREDIT study, obesity was found in 38% of patients and the
median HbA1cwas 7.3%[34]. Thus, compared to our cohort, median
HbA1c was higher while obesity was less prevalent.

The overall mortality rate of COVID-19 in our cohort was 26.4%.
This figure is slightly higher than the in-hospital mortality rate of
21.3%reported by Kaminska et al. in a meta-analysis including pub-
lications from the start of the pandemic to December 2020 [43].
Diabetes was identified early in the current pandemic as an inde-
pendent risk factor for ICU admission (OR 2.79 (P<0.0001)) [44].
In our cohort, ICU admission rate was 18% and mortality in ICU
reached 40%. Likewise, Roncon et al. showed in a meta-analysis
that overall ICU admission rate and ICU case fatality rate were 21%
and 39% in patients with diabetes, respectively [44].

In the total population, we showed that both advanced age and
male gender were independent risk factors increasing COVID-19-
related mortality while metformin and/or RAAS blockers use prior
admission were associated with a decreased risk of mortality. On
admission, we found a positive relationship between CRP levels and
in-hospital death from COVID-19. Finally, HbA1c, BMI, microvas-
cular and/or macrovascular diabetes-related complications, or CKD
were not independently associated with COVID-19 mortality. How-
ever, older age and CKD were independent risk factors for death in
patients admitted to the ICU in our study.

Most of the patients of our cohort were elderly. Advanced age
may explain the higher COVID-19-related mortality in patients
with diabetes. Moreover, age and comorbidities are often crite-
ria that reduce admission to ICU. However, Cariou et al. with the
CORONADO initiative [45], have recently showed that diabetes
was associated with poorer COVID-19 prognosis independently of
age. In our cohort, metformin use was associated with decreased
probability of death. Several studies reporting similar findings
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showed an even greater beneficial effect of metformin by reduc-
ing in-hospital admissions, ICU admissions and length of hospital
stay [31,33,46]. Han et al. confirmed the decreased mortality risk
linked to metformin use in a recent meta-analysis [47]. They cal-
culated an overall OR of 0.62 [0.5-0.76], which is close to ours. The
underlying mechanisms remains unknown. Metformin may have
an anti-inflammatory effect [48]. Beyond mechanistic explanations,
metformin could be a mere bystander as it is contraindicated in
patients with severe CKD, liver failure or chronic hypoxemic con-
ditions. Furthermore, metformin use is higher in patients with a
shorter duration of diabetes, who are often younger. Therefore, the
positive impact of metformin use on COVID-19 prognosis may be
related to patients’ characteristics rather than a pharmacological
effect of its own. Furthermore, a recent randomized controlled trial
involving patients with overweight and obesity reported that met-
formin did not prevent hypoxemia, emergency department visit,
hospitalization, or death related to COVID-19 [49].

HbA1c level was not associated with death in our cohort, as
previously reported in the CORONADO and ACCREDIT studies. The
excess mortality associated with poor glycemic control (i.e. higher
HbA1c) was only reported in large Anglo-Saxon registry-based
studies [20-22,25,29]. Nevertheless, other studies reported a posi-
tive relationship between HbA1c and the risk for COVID-19-related
hospitalization [26-29]. Thus, elevated HbA1c seems to be a risk
factor of poor prognosis of COVID-19.

The CORONADO study showed that a higher BMI was associ-
ated with poor prognosis including IMV and death [33]. Ruan et al.
showed that a higher BMI was associated with increased in-hospital
mortality and/or ICU admission related to COVID-19 in patients
with TIDM. Irrespective of diabetes, the adverse impact of higher
BMI on COVID-19 prognosis in the general English population was
demonstrated when BMI is higher than 23 kg/m? [32]. However,
compared to the general population, the impact of weight on the
prognosis of COVID-19 may be somewhat mitigated in patients
with diabetes [9]. Finally, only two UK studies have shown that
increasing BMI proportionally increases mortality from COVID-19
in patients with diabetes [19,28].

In our study, microvascular disease was not associated with
in-hospital mortality. The ACCREDIT study did not associate
microvascular and/or macrovascular complications with higher
risk of COVID-19-related death either [34]. The CORONADO study
showed that having microvascular disease increased in-hospital
mortality with COVID-19 despite of a lower proportion of T1DM,
less patients with microangiopathy and an equivalent duration
of diabetes than the ACCREDIT study [31,33]. In comparison with
these studies, TIDM and microvascular disease were less preva-
lent in our population, but median duration of diabetes was similar
(11 years). Regarding patients with T1DM, Ruan et al. associ-
ated the presence of one or more microvascular complications
with increased in-hospital mortality and/or ICU admission [32].
Two large population-based studies from the UK, including TIDM
and T2DM, showed that microangiopathy was associated with an
increased risk of death or ICU admission [20,22]. Thus, the impact of
microvascular complications on the prognosis of COVID-19 is still
debated.

We showed no effect of hydroxychloroquine treatment on
the prognosis of inpatients with diabetes. The ineffectiveness of
hydroxychloroquine in treating hospitalized people with COVID-19
was confirmed later, at the end of 2020 [50].

Our study has some obvious limitations. Due to the retrospec-
tive design, data were missing for some variables, in particular
diabetes duration, HbAlc, and BMI. Hyperglycemia-related com-
plications were not systematically assessed. The cohort, although
multicenter, was small compared to other studies but not in rela-
tion with the Belgian population. The strengths of our study include
its multicenter design as well as a multivariate analysis.

Annales d’Endocrinologie xxx (XXxX) XXX—XXX

In conclusion, this is the first study describing the clinical char-
acteristics and prognosis of inpatients with diabetes and COVID-19
during the first two months of the pandemic in Belgium. Older
age, male gender and elevated CRP on admission were indepen-
dent risk factors for in-hospital death from COVID-19. In contrast,
prior metformin and RAAS blockers use were independent protec-
tive factors. In our study, neither HbA1c, diabetes type and duration,
nor prevalent microvascular complications were associated with
poor prognosis. Finally, we showed that CKD is a COVID-19-related
mortality risk factor in patients with diabetes admitted in the ICU.
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