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ABSTRACT

Aims: We investigated whether pre-existing diabetes, newly-diagnosed diabetes, and
admission hyperglycemia were associated with COVID-19 severity independently from
confounders.
Methods: We retrospectively analyzed data on patients with COVID-19 hospitalized
between February and April 2020 in an outbreak hospital in North-East Italy. Pre-existing
diabetes was defined by self-reported history, electronic medical records, or ongoing med-
ications. Newly-diagnosed diabetes was defined by HbA1lc and fasting glucose. The primary
outcome was a composite of ICU admission or death.
Results: 413 subjects were included, 107 of whom (25.6%) had diabetes, including 21 newly-
diagnosed. Patients with diabetes were older and had greater comorbidity burden. The pri-
mary outcome occurred in 37.4% of patients with diabetes compared to 20.3% in those
without (RR 1.85; 95%C.I. 1.33-2.57; p < 0.001). The association was stronger for newly-
diagnosed compared to pre-existing diabetes (RR 3.06 vs 1.55; p = 0.004). Higher glucose
level at admission was associated with COVID-19 severity, with a stronger association
among patients without as compared to those with pre-existing diabetes (interaction
p < 0.001). Admission glucose was correlated with most clinical severity indexes and its
association with adverse outcome was mostly mediated by a worse respiratory function.
Conclusion: Newly-diagnosed diabetes and admission hyperglycemia are powerful predic-
tors of COVID-19 severity due to rapid respiratory deterioration.

© 2020 Elsevier B.V. All rights reserved.
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1. Introduction

Diabetes worsens the outcome of virtually any acute or
chronic medical condition, resulting in a shortened life
expectancy [1]. Mortality from infectious disease is also
increased in patients with diabetes, especially for sepsis
and pneumonia [2]. Since the very beginning of the SARS-
CoV-2 pandemic, diabetes emerged as one of the most com-
mon comorbidities and a potential driver of poor outcomes
[3]. The prevalence of diabetes was higher among patients
hospitalized for COVID-19 who were admitted to the inten-
sive care unit (ICU) or died [4]. Meta-analyses of studies
reporting the characteristics of patients according to
COVID-19 severity in China found that diabetes conferred a
2-3 fold increased rate of poor disease outcome [5,6]. These
findings are in line with the available literature on the
adverse prognostic impact of diabetes on other viral infec-
tions, including influenza [7,8].

It remains unclear whether diabetes drove such excess
risk independently from confounders, including its complica-
tions and comorbidities. It is conceivable that patients with
diabetes experienced a worse COVID-19 outcome because of
multiple organ damage due to micro- and macrovascular dis-
ease [9,10]. On the other side, whether the impact of diabetes
on COVID-19 outcome depends on glucose control is less
appreciated. In a study conducted on 7337 Chinese patients,
diabetes was associated with higher mortality, but patients
with good glycemic control had lower mortality compared
to those with poorer control [11]. Optimal glycemic manage-
ment can therefore be crucial to improve COVID-19 outcome
[12]. Finally, new-onset diabetes has been reported during
COVID-19 [13-15], but its impact on disease outcome has
not been assessed. In patients with acute medical conditions,
such as acute myocardial infarction, newly-detected diabetes
has an adverse prognostic effect [16,17]. Of note, newly-
diagnosed diabetes is often linked with occult organ damage
that shortens survival [18]. In addition, stress hyperglycemia
has been known for decades to drive an exaggerated inflam-
matory response in critically-ill individuals [19].

In the present study, we investigated the role of pre-
existing diabetes, newly-diagnosed diabetes, and admission
glucose levels on the outcome of patients hospitalized for
COVID-19. We eventually explored which were the mediators
of a poor outcome associated with diabetes.

2. Subjects, materials and methods

2.1. Study design

This retrospective study was conducted by collecting anon-
ymized patient’s data from electronic medical records. The
protocol conforms to the ethical guidelines of the 1975 Decla-
ration of Helsinki. In agreement with national regulation on
retrospective studies, the protocol was notified to the local
ethical committee (no. 0031264) and the need for patient’s
informed consent was waived.

2.2. Data collection

We retrieved data on all consecutive patients hospitalized for
COVID-19 between February 21st and April 20th 2020 at the
University Hospital of Padova, which is located at the center
of one of the first SARS-CoV-2 outbreaks in Northern Italy.
We screened records of all patients admitted to the Hospital
with a positive PCR test for SARS-CoV-2 on upper or lower air-
way sample. Pre-existing diabetes was defined based on self-
reported history, prior electronic medical records reporting a
diagnosis of diabetes, or ongoing therapy with glucose-
lowering medications. Newly-diagnosed diabetes was defined
by a HbAlc value of 48 mmol/mol (6.5%) or higher; in the
absence of an HbAlc determination, a random glucose level
of 11.1 mmol/1 (200 mg/dl) or higher, accompanied by signs
and symptoms of hyperglycemia was considered diagnostic.

For all patients, we recorded the following information:
demographics (age, sex), concomitant cardiovascular risk fac-
tors (smoke, hypertension, dyslipidemia), comorbidities
(chronic obstructive pulmonary disease and history of cancer),
complications (cardiovascular disease and microangiopathy),
presence or absence of COVID-19 related pneumonia or inter-
stitial lung disease (ILD), ongoing therapies before hospitaliza-
tion. We collected information on symptoms of COVID-19
upon admission (time from onset of symptoms to hospitaliza-
tion; presence of fever, cough, dyspnea, and gastrointestinal
symptoms). Vital signs were recorded at admission and at
their worst timepoint: systolic and diastolic blood pressure,
heart and respiratory rate, oxygen saturation, PaO,/FiO, ratio.
Key laboratory exams included: fasting plasma glucose,
HbA1c, lipid profile (total cholesterol, HDL cholesterol, triglyc-
erides, and calculated LDL cholesterol), and serum creatinine
for calculation of estimated glomerular filtration rate (eGFR)
using the CKD-EPI equation. We also collected admission
levels and worse levels of the following biomarkers related
to inflammation (white blood cell count [WBC], C-reactive pro-
tein [CRP], IL-6, pro-calcitonin), hematology and coagulation
(hemoglobin, lymphocytes, platelets, D-dimer) and tissue
injury (liver enzymes, troponin I, lactate). We reported the
worst vital signs or biomarkers as the worst value measured
during the entire hospital stay, regardless of whether it
occurred at admission or during any other time of hospitaliza-
tion. In some cases, worst values could coincide with admis-
sion values if admission values were the worst among all
values recorded during the hospital stay. The following in-
hospital treatments were recorded: low-flow and high-flow
oxygen, non-invasive ventilation, intubation, use of specific
drugs, such as lopinavir/ritonavir, azithromycin, other antibi-
otics, remdesivir, chloroquine/hydroxychloroquine, glucocor-
ticoids, tocilizumab.

2.3.  Outcome definition
The primary outcome was a composite of admission to the

ICU (including all subjects needing mechanical ventilation)
or death. Death from any cause, was considered as a separate
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outcome. Among those who were discharged alive, time to
discharge was considered as additional secondary outcomes.
Because duration of hospitalization was highly skewed and
sometimes driven by non-clinical reasons (e.g. patients being
unable to return to home because lacking social support),
observation was censored at 30 days.

2.4.  Statistical analysis

Continuous variables are reported as mean + standard devi-
ation (SD) or as median (inter-quartile range), while categor-
ical variables have been reported has percentages. Between-
group differences in clinical characteristics were evaluated
with Student t-test or chi-Square for continuous and cate-
gorical variables, respectively. The association between dia-
betes, glucose levels and other variables of interest with
categorical outcomes was evaluated with robust-error-
variance Poisson regression models [20]. In order to identify
possible confounding factors, these associations were tested
in unadjusted models and in two different multivariable
adjusted (MVA) models with increasing complexity. Model 1
(MVA1): adjusted for sex and age. Model 2 (MVA2): adjusted
for sex, age and pre-existing conditions or pre-hospital med-
ications associated with COVID-19 severity in MVAL. In order
to test the MVA, full dataset of variables were needed, thus
missing data were handled by means of multiple imputation
(MI). MI was performed with a fully conditional specification
(FCS) algorithm [21] obtaining 10 imputed datasets including
only covariates with less than 60% of missing values. Out-
come variables and main variables of interest (e.g. plasma
glucose) were not imputed. Outcome analyses were per-
formed on each imputed dataset and the pooled estimated
effects are presented [22]. Cox proportional hazard model
was used to compare the patient’s probability of being dis-
charged alive.

The differences between the association of pre-existing
diabetes and newly-diagnosed diabetes with the primary
and secondary outcomes were evaluated by means of Z score
(Z score = (estimates; — esitmates,)/\/(SE2 + SE3)). The differ-
ences in the association between glucose levels and primary
outcome among subjects with or without diabetes was evalu-
ated with the inclusion of an interaction term in the models.
The association between fasting plasma glucose and the
worst levels of clinical and laboratory parameters detected
during hospital stay were represented graphically with scatter
plots and described by Pearson’ r correlation coefficient.

We evaluated which of these parameters explained the
association between glucose levels and COVID-19 severity
outcome (i.e. being mediators). To be consider a candidate
mediator, variables needed to be independently associated
with both the primary outcome (tested using Poisson regres-
sion with robust error variance) and with glucose levels
(tested with linear regression). For those variables meeting
these two conditions, we then quantified the possible media-
tion effect (in percentage) as the differences in the association
between glucose and the primary outcome in the model
adjusted by the candidate mediator (RRapjyst) as compared
to the association in the model not adjusted by the candidate
mediator (RRnor.apjust). Therefore the mediation analyses
was evaluated as: mediation = 100 x [In(RRnor-apjust) — In

(RRapjusT))/In(RRnoT-aDjUsT). Statistical analyses were con-
ducted with a significance threshold of p < 0.05 and were done
in SAS version 9.4 (TS1M4), GraphPad PRISM v8.3.0.

3. Results

3.1.  Characteristics of the COVID-19 population by
diabetes status

We included 413 patients who tested positive for SARS-CoV-2
upon PCR analysis. Of these, 107 (25.6%) had diabetes (86 pre-
existing and 21 newly diagnosed). As compared to individuals
without diabetes, those with diabetes were older, had a higher
prevalence of hypertension, dyslipidemia, cardiovascular dis-
ease, and chronic kidney disease. In addition, pre-admission
use of statins, antiplatelet drugs and beta-blockers were more
common among subjects with diabetes (Table 1). Symptoms
at admission were similar as were laboratory findings (except
for FPG and HbA1c). Participants with diabetes had more com-
promised respiratory function with lower PaO,/FiO, and
higher respiratory rate (Table 2). In-hospital pharmacological
treatments were similar in subjects with or without diabetes,
except that diabetic patients more often received antibiotics
other than macrolids (Table 2). Table S1 shows patients’ clin-
ical characteristics further stratified by pre-existing versus
newly-diagnosed diabetes status.

3.2.  Diabetes and severity of COVID-19

Over a median observation time of 17 days (IQR 6-26), 102
patients (24.7%) showed a severe course, defined as the pri-
mary outcome, 48 of whom died (11.6%). In unadjusted anal-
ysis, presence of diabetes (including pre-existing and newly-
diagnosed) compared to its absence was associated with a
higher incidence of the primary outcome (37.4% vus 20.3%;
RR 1.85; 95% C.I. 1.33-2.57; p < 0.001; Fig. 1A). Several other
pre-existing conditions were associated with COVID-19
severity, including hypertension, cardiovascular disease,
atrial fibrillation, CKD and COPD (Table S2). Among pre-
hospitalization treatments, use of ARBs, novel oral anticoag-
ulants, and systemic glucocorticoids was more frequent
among patients with the primary severity outcome
(Table S2).

Compared to absence of diabetes, newly diagnosed dia-
betes (RR 3.06; 95% C.I. 2.04-4.57) showed a stronger associa-
tion with the primary outcome than pre-existing diabetes
(RR 1.55, 95% C.I. 1.06-2.27). The difference in the RR for the
primary between pre-existing and newly-
diagnosed diabetes was statistically significant (p = 0.004). In
addition, higher FPG at admission was associated with
COVID-19 severity, with an increase in relative risk of 21%
(RR 1.21; 95% C.I. 1.11-1.32; p < 0.001) for each 2 mmol/L
(36 mg/dl) increase in FPG. This association was stronger
among individuals without diabetes than in those with dia-
betes (p for interaction = 0.003; Fig. 1A)

After adjusting for age and sex, the magnitude of the asso-
ciation between diabetes (pre-existing and newly-diagnosed
altogether) and COVID-19 severity remained significant (RR
1.49; 95% C.I. 1.07-2.09; p = 0.019; Fig. 1B). Other variables

outcome
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Table 1 - Characteristics of COVID-19 patients according to diabetes status. Data presented as mean (SD) or as percentage. In

the column reporting data of all patients, data availability is also shown. Diabetes includes both pre-existing diabetes and

newly-detected diabetes.

All patients No diabetes Diabetes P

N =413 N = 306 N = 107

Available Value Value Value
Age, years 100% 649 + 154 63.3 £ 15.5 69.7 + 13.8 <0.001
Sex male, % 100% 245 (59.3%) 175 (57.2%) 70 (65.4%) 0.136
Concomitant risk factors, n (%)
Hypertension 100% 212 (51.3%) 139 (45.4%) 73 (68.2%) <0.001
Current smoking 46% 53 (27.7%) 38 (27.5%) 15 (28.3%) 0.916
Dyslipidemia 100% 91 (22.0%) 54 (17.6%) 37 (34.6%) <0.001
Comorbidities, n (%)
Cardiovascular disease 97% 2 (18.0%) 5 (15.3%) 27 (26.0%) 0.015
Atrial fibrillation 97% 4 (11.0%) 2 (10.8%) 12 (11.5%) 0.830
CKD 100% 0 (7.3%) 6 (5.2%) 14 (13.1%) 0.007
COPD 97% 9 (7.3%) 0 (6.8%) 9 (8.7%) 0.527
Cancer 96% 6 (16.6%) 8 (16.3%) 18 (17.5%) 0.777
Symptoms at admission
Time from symptoms to hospitalization, days 88% 70+ 47 71+46 7.0+49 0.907
Fever, % 100% 272 (66.0%) 212 (69.5%) 60 (56.1%) 0.012
Body temperature (°C) 44% 38.5+ 0.6 38.6 + 0.6 38.4 + 0.6 0.173
Cough, % 89% 234 (63.9%) 180 (65.2%) 54 (60.0%) 0.371
Dyspnea, % 91% 232 (61.9%) 169 (60.8%) 3 (64.9%) 0.468
Pneumonia / ILD, % 92% 332 (87.1%) 241 (85.2%) 1 (92.9%) 0.050
GI symptoms, % 87% 102 (28.5%) 78 (28.9%) 4 (27.3%) 0.771
Medication before hospitalization
ACE inhibitors, % 100% 1 (17.2%) 48 (15.7%) 23 (21.5%) 0.170
Angiotensin receptor blockers, % 100% 3 (17.7%) 48 (15.7%) 5 (23.4%) 0.073
Calcium channel blockers, % 100% 1 (14.8%) 40 (13.1%) 21 (19.6%) 0.100
Beta blockers, % 100% 87 (21.1%) 49 (16.0%) 38 (35.5%) <0.001
Anti-platelet agents, % 100% 3 (17.7%) 46 (15.0%) 27 (25.2%) 0.017
Statins, % 100% 1 (19.6%) 47 (15.4%) 34 (31.8%) <0.001
Warfarin, % 100% 3 (5.6%) 19 (6.2%) 4 (3.7%) 0.337
New anticoagulants, % 100% 22 (5.3%) 15 (4.9%) 7 (6.5%) 0.516
Antibiotics, % 100% 135 (32.7%) 104 (34.0%) 31 (29.0%) 0.341
NSAID, % 100% 24 (5.8%) 19 (6.2%) 5 (4.7%) 0.559
Gluocorticosteroids, % 100% 21 (5.1%) 14 (4.6%) 7 (6.5%) 0.425
Laboratory
Fasting plasma glucose, mmol/l 72% 73+35 6.0+ 15 10.7 + 4.9 <0.001
HbA1c, mmol/mol 30% 50.3 + 17.8 39.5+5.3 57.5+19.6 <0.001
Total cholesterol, mmol/l 29% 35+1.2 3.6+1.1 34+13 0.301
HDL cholesterol, mmol/l 25% 1.0+ 0.4 1.0 + 0.5 0.9+ 0.4 0.052
Triglycerides, mmol/l 30% 1.4 +0.8 1.3+0.5 18+1.1 0.006
LDL-cholesterol, mmol/l 25% 2.0+0.9 2.0+0.9 1.9+1.0 0.422
Serum creatinine, umol/l 100% 90.3 + 67.5 91.1 £ 75.5 88.0 + 36.1 0.573
eGFR, ml/min/0.173 m? 100% 78.2 +22.8 78.8 £ 22.7 76.4 + 22.9 0.343
Parameters at admission
Systolic blood pressure, mm Hg 98% 130.1 + 20.0 128.2 + 18.8 135.7 + 22.4 0.003
Diastolic blood pressure, mm Hg 98% 76.8 + 11.8 771+ 114 76.0 £ 13.2 0.404
Heart rate, bpm 97% 86.6 + 15.8 86.7 + 14.7 86.5 + 18.7 0.906
Respiratory rate /min 74% 20.8 £ 6.2 20.1+5.6 232+7.3 0.001
Oxygen saturation, % 98% 94.6 + 4.5 95.0 + 4.3 934 +4.8 0.001
Pa0, / FiO, 68% 284.6 + 97.5 295.8 + 94.7 253.7 + 99.1 0.001
White blood cells, kel/pl 70% 6.7 £ 3.5 6.6 + 3.7 7.0 2.8 0.329
Lymphocytes, kel/pl 68% 1.1+0.9 1.1+0.9 1.1+0.38 0.901
Hemoglobin, g/l 72% 135+ 1.8 13.6 + 1.8 133+ 19 0.240
Platelets, el/pl 100% 209.4 + 84.6 208.6 + 83.9 211.5 + 87.1 0.766
C-reactive protein, mg/dl 84% 6.3 (2.5-12.3) 5.5 (2.2-11.4) 7.8 (3.3-14.9) 0.123
D-dimer, pg/l 90% 223 (150-452) 210 (150-380) 284 (169-580) 0.669
ALT, U/1 99% 35.5 + 28.8 35.7 £ 30.2 351+243 0.847
Troponin I, pg/l 65% 10 (4-30) 9 (3-28) 14 (5-38) 0.653
Lactate, mmol/l 59% 1.4 £ 0.5 14 £ 0.6 1.5+ 0.5 0.218
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CKD, chronic kidney disease. COPD, chronic obstructive pulmonary disease. ILD, interstitial lung disease. GI, gastrointestinal. ACE, angiotensin
converting enzyme. NSAID, non-steroidal anti-inflammatory drugs. HDL, high density lipoprotein. LDL, low density lipoprotein. eGFR, esti-
mated glomerular filtration rate. PaO,, partial oxygen pressure. FiO,, fractional inhaled O,. ALT, alanine aminotransferase.

Table 2 — Hospital treatments and outcomes according to diabetes status. In patients without diabetes and in those with

diabetes (pre-existing and newly-diagnosed altogether), we show the worst value of clinical-laboratory parameters, as well

as in-hospital treatments and outcomes.

All patients No diabetes Diabetes o)

N =413 N =306 N = 107
Worst in-hospital parameters Available Value Value Value
Systolic blood pressure, mm Hg 99% 110.7 = 17.7 108.3 + 15.8 117.6 = 21.0 <0.0001
Diastolic blood pressure, mm Hg 99% 66.1 + 11.1 65.3 + 10.5 68.5 + 12.4 0.020
Heart rate, bpm 98% 943 +17.8 94.1+17.5 94.8 + 18.7 0.711
Respiratory rate/min 83% 245+ 8.3 237 +8.2 26.9 + 8.0 0.002
Oxygen saturation, % 100% 91.6 £ 6.0 919 +5.5 90.7 £ 7.1 0.118
Pa0,/FiO, 75% 221.2 + 123.6 231.1 + 124.2 194.1 + 1184 0.020
WBC, kel/ul 70% 10.1 + 7.8 9.2 +6.7 12.7 £ 9.8 0.005
Lymphocytes, kel/ul 69% 09+08 0.9+0.8 0.7 £0.5 0.088
Hemoglobin, g/l 74% 11.8 2.1 119+ 21 115+ 2.2 0.093
Platelets, kel/ul 100% 180.6 + 73.4 182.0 + 74.4 176.5 + 70.4 0.505
C-reactive protein, mg/dl 94% 9.5 (4.3-16.0) 8.8 (3.8-15.6) 10.8 (6.2-19.0) 0.130
IL-6, pg/ml 36% 51 (12-171) 46 (12-162) 52 (15-194) 0.489
Pro-calcitonin, pg/l 62% 0.15 (0.1-0.6) 0.13 (0.1-0.5) 0.23 (0.1-0.9) 0.076
D-dimer, pg/l 95% 383 (188-1276) 325 (180-1065) 595 (243-2318) 0.139
ALT, U/1 100% 91.8 + 209.8 98.0 + 237.3 74.2 + 94.1 0.147
Troponin I, pg/l 67% 13 (4-40) 10 (3-30) 20 (8-77) 0.458
Lactate, mmol/l 61% 20+22 19+1.7 24 +3.1 0.205
COVID-19 therapies, n (%)
Low-flow oxygen 100% 305 (73.8%) 221 (72.2%) 84 (78.5%) 0.203
High-flow oxygen 100% 97 (23.5%) 57 (18.6%) 40 (37.4%) <0.001
Non-invasive ventilation 100% 70 (16.9%) 38 (12.4%) 32 (29.9%) <0.001
Invasive ventilation 100% 53 (12.8%) 33 (10.8%) 20 (18.7%) 0.035
Lopinavir/Ritonavir 100% 156 (38.0%) 110 (36.2%) 46 (43.0%) 0.212
Azithromycin 100% 264 (64.2%) 202 (66.4%) 62 (57.9%) 0.115
Antibiotics (other than AZT) 100% 287 (69.7%) 204 (66.9%) 83 (77.6%) 0.039
Remdesivir 100% 24 (5.8%) 18 (5.9%) 6 (5.6%) 0.905
Chloroquine 100% 350 (85.2%) 260 (85.5%) 90 (84.1%) 0.723
Glucocorticoids 100% 170 (41.4%) 118 (38.8%) 52 (48.6%) 0.077
Tocilizumab 100% 40 (9.7%) 28 (9.2%) 12 (11.2%) 0.547
Outcomes, n (%)
Primary Outcome 100% 102 (24.7%) 62 (20.3%) 40 (37.4%) <0.001
Death 100% 48 (11.6%) 33 (10.8%) 15 (14.0%) 0.367
Discharged alive 100% 298 (72.2%) 238 (77.8%) 60 (56.1%) <0.001
Mean time to discharge * 100% 10.1 + 5.7 10.1 + 5.7 125+7.2 0.021
Mean days of hospitalization™ 100% 123+ 7.7 113+7.1 15.0 + 8.6 <0.001

Pa0,, partial oxygen pressure. FiO,, fractional inhaled O,. ALT, alanine aminotransferase. IL-6, interleukin-6. AZT, azithromycin. **Mean time to
discharge evaluated in 298 (72.2%) patients discharged alive. *Mean days of Hospitalization evaluated in survivors only.

associated with severity in the age- and sex-adjusted analysis
were chronic kidney disease and pre-hospitalization use of
systemic glucocorticoids (Table S2).

The analysis was repeated splitting diabetes into pre-
existing and newly-diagnosed. The association of pre-
existing diabetes was attenuated and no longer significant,
whereas the association between newly-diagnosed diabetes
with the primary outcome remained statistically significant.
The association between FPG and the primary outcome
remained significant after age- and sex-adjustment and yet

with a larger effect on outcome among non-diabetic than dia-
betic subjects (Fig. 1B).

3.3. Independent predictors of critical COVID-19 severity

We tested whether the associations of diabetes and FPG with
COVID-19 severity was independent from additional
confounders. As shown in Table S3, the association between
diabetes and the primary outcome was confirmed in all mod-
els, including those with pre-existing comorbidities and med-
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A Unadjusted analysis
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Relative risk (95% C.l.) for primary outcome

Fig. 1 - Forest plots of the association of diabetes/hyperglycemia on COVID-19 outcomes. Unadjusted (A) and age- and sex-
adjusted (B) analysis of the association between diabetes, as compared to no diabetes, split known diabetes versus newly-
diagnosed diabetes and hyperglycemia (for each 2 mmol/l increase) with severe COVID-19. The primary severity outcome
was admittance to the intensive care unit, or need of mechanical ventilation, or death (results of model 2 are detailed in
Table 3, and not are graphically represented here since results were very similar to model 1).

ications used prior to hospitalization (RR 1.61; 95% C.I. 1.12-
2.30; p = 0.010). Similarly, the association between FPG and
the primary outcome was confirmed in all models
(Table S3), including those with pre-existing comorbidities
and medications used prior to hospitalization (RR per each
2 mmol/l = 1.14; 95% C.I. 1.06-1.23; p < 0.001).

3.4.  Diabetes and COVID-19 mortality

We found a similar mortality rate among those with or with-
out diabetes (10.8 vs 14.0%; unadjusted RR 1.30; 95% CI 0.74-
2.30; p = 0.367). Conversely, a significant association was
detected between FPG and mortality (RR for each 2 mmol/L
increase 1.15; 95% CI 1.03-1.30; p = 0.017), but this association
disappeared after adjustment for age and sex (RR 1.03;
p = 0.668). We also found that a lower proportion of diabetic
patients was discharged alive during the observation time
(56.1% vs 77.8%; p < 0.001; Table 2) with a longer mean time
to discharge (+2.3 days; p = 0.021; Table 2). In a time-to-
event analysis, diabetes was associated with a 43% reduced
probability of recovery after adjustment for age and sex (HR

0.58; 95% C.I. 0.43-0.77). Among survivors, the duration of
hospitalization was significantly longer for patients with as
compared to those without diabetes in unadjusted (+3.7 days;
95% C.I. 1.9-5.5, p < 0.001; Table 2) and age- and sex-adjusted
models (+2.6 days; 95% C.I. 0.9-4.6, p = 0.003). For each
2 mmol/l higher FPG, there was a significant 19% lower prob-
ability of recovery (HR 0.82 95% C.I. 0.74-0.91; p < 0.001) and
longer duration of hospitalization (+1.0 days; 95% C.I. 0.5-
1.5; p < 0.001).

3.5.  Mediators of association between glucose and COVID-
19 severity

We found statistically significant correlations between admis-
sion glucose levels and most clinical-laboratory characteris-
tics, recorded at their worst level, indicative of COVID-19
severity or progression, including hemodynamic, respiratory,
hematologic, inflammatory, and tissue damage biomarkers
(Fig. 2).

We then evaluated whether these correlations could par-
tially explain (i.e. mediate) the association between FPG and



DIABETES RESEARCH AND CLINICAL PRACTICE 168 (2020) 108374

5 200, r=0.20* g_ 200 r=0.06
I
0
£ 150 < 1501
Hemodynamics £ / ®
y o 100 £ 1001 peesecestSl
m ©
D ot T 50—
0 10 20 30 0 10 20 30
N80 r=026* _1207 r=-023 6600' r=-0.25%
= S O
o 601 \:‘1 004 ir 4004
Respiratory @ 40 o O g Titeay
g ™ Q200
o 20 © ©
o) 9 60 o
® 9 —— —— 0 —
0 10 20 30 0 10 20 30 0 10 20 30
5001 . r=0.418 g5 r=010 531 r=020"
0 Q 41 Q21
o =4 1
Inflammatory > 31 L D
2 =T = O
© 14/ R TEE -
ol 2 — o2 —
0 10 20 30 0 10 20 30 0 10 20 30
=600 =020 £ 37 r=-016* 207 r=-015 55007 =015
o S = 15 < 4001
2 40 = 2 3 @ 300
Hematology X - S 10| TTvesssag 2
@ 204 o 1 2 g 2001 "‘
S S \‘ TS 5 1001
z ol MR T° | E & TOR o o
0 10 20 30 = 0 10 20 30 0 10 20 30 0 10 20 30
25 . r=027" <4 r=005 =<°] _r=025* 39 r=o024
o ] D 41 84
= IS
03 o
. 8 > 53 E 6
Tissue damage T O 2| smemeizn O | o 4 )
5 = = S Lo
E il & 1 © 2] PO,
o Lo Pl 8o
O 0 10 20 30 0 10 20 30 0 10 20 30 0 10 20 30

Admission glucose (mmol/l)

Fig. 2 - Correlation between admittance glucose levels and severity clinical variables. Clinical variables of COVID-19 severity
are divided into those related to hemodynamics, respiratory, inflammatory, hematologic and tissue damage biomarkers. For
each correlation plot, we show individual data points, the regression line with shadowed 95% C.I. between dashed lines, as
well as the Pearson’s r correlation coefficient. *p < 0.05. When distribution of the dependent variable was highly skewed, the

Y scale was log transformed.

COVID-19 severity outcome. We first identified clinical-
laboratory characteristics (recorded at their worst level) sig-
nificantly associated with COVID-19 severity (independently
from age and sex). Then, we estimated what percentage of
the effect of FPG on COVID-19 severity was explained by the
association between FPG and these variables. As described
in Table S4 and represented graphically in Fig. 3, we found
that a decline in respiratory function variables was the major
determinant of the detrimental effect of hyperglycemia on
COVID-19 severity.

4, Discussion

In this study, we found that newly-detected diabetes and
admission hyperglycemia were more strongly associated with
COVID-19 severity outcome than pre-existing diabetes. A
known diabetes status was more common among patients
with severe COVID-19, defined by ICU admittance or death.

Known diabetes remained associated with poor COVID-19
outcome independently from age and sex, but not when
adjusted for other baseline clinical variables, suggesting that
such effect was mostly driven by concomitant factors and
complications. On the other side, newly-detected diabetes
remained associated with COVID-19 severity in fully-
adjusted analyses. Upon a formal comparison, the associa-
tion with the primary outcome was stronger for newly-
diagnosed than for pre-existing diabetes.

Admission glucose levels were closely related to most clin-
ical and biochemical parameters of COVID-19 severity col-
lected during hospitalization, including the PaO,/FiO, ratio.
Remarkably, for each 2 mmol/l (36 mg/dl) higher admission
glucose, the probability of severe progression significantly
increased by about 15% independently from any other
clinical-biochemical variable. The association between hyper-
glycemia and COVID-19 severity was significantly stronger for
patients with newly-diagnosed diabetes than for those with
pre-existing diabetes.
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Our finding is consistent with prior literature indicating
that, in patients with acute medical conditions, newly-
detected diabetes is a powerful predictor of poor outcomes
[16,23]. This may be at least in part driven by the fact that
known diabetes is often associated with manifest organ dam-
age that can be accounted for clinically and statistically [18].
Vice-versa, patients who are unaware of their diabetes status
are most of the times unaware of ongoing organ damage too,
as their treating physicians are. In addition, such occult organ
damage cannot be accounted for in statistical adjustment.
Yet, our data argue that newly-diagnosed diabetes was predic-
tive of COVID-19 severity not only because of a possible
masked multi-organ frailty, but also by the strong link
between glucose levels and the outcome. We performed an
analysis to evaluate which of the clinical-laboratory parame-
ters of disease severity were mostly responsible for mediating
the effect of hyperglycemia on the outcome. Top results
included respiratory parameters and white blood cell count,
whereas other markers of inflammation and tissue damage
were not among top mediators, suggesting that hyper-
glycemia drove a worse progression of respiratory failure.
Indeed, PaO,/FiO, directly reflects respiratory failure and
drives ICU admittance or mechanical ventilation [24].

Diabetes and hyperglycemia were previously found to
cause a form of pulmonary disease known as “diabetic lung”,
featuring changes in lung volumes and diffusion capacity [25].
Speculatively, patients with admission hyperglycemia upon
hospitalization for COVID-19 might have a poorer outcome
because of an underlying subclinical pulmonary remodeling
[26]. The diabetic lung is supposed to be driven at least in part
by obesity and metabolic syndrome [27], but systemic inflam-
mation and platelet dysfunction have been implicated in
hyperglycemic pulmonary microangiopathy [28]. Since
inflammatory overactivation and coagulopathy are major fea-

tures of severe COVID-19 [29], we speculate that hyper-
glycemia can directly accelerate disease course.

The study has limitations that do not allow us to exclude
alternative explanations. First, some clinical variables were
not collected for all patients, due to the setting where
COVID-19 patients were followed, i.e. strictly isolated wards
with limited contacts with health personnel. Absence of
data on body mass index (BMI) prevented us from ade-
quately considering the confounding role of obesity [30,31].
In addition, HbAlc was not available for all patients, poten-
tially biasing the detection of pre-existing hyperglycemia.
Although we were able to control for the use of pre-
admission use of glucocorticoids, in most cases it was
impossible to judge the duration of hyperglycemia prior to
hospitalization for COVID-19 in patients without known dia-
betes. Therefore, whether these patients had undiagnosed
diabetes or stress hyperglycemia due to the cytokine storm
remains unclear. Despite our attempts to control for major
biases, we cannot rule out that residual confounding was
driving a spurious non-causal association between hyper-
glycemia and severe COVID-19. For example, a more severe
degree of inflammatory activation before hospitalization
could drive both stress hyperglycemia and a subsequent sev-
ere disease course, even if hyperglycemia exerted no direct
role on disease progression. In other terms, it is impossible
to rule out that hyperglycemia is simply a biomarker of a
more severe disease [23].

Nonetheless, our study has notable strengths, including
the detailed clinical characterization of patients with inclu-
sion of several biochemical inflammatory markers, and the
rigorous statistical approach to bias. Furthermore, the media-
tion analysis allows speculating on the processes that drove
poor outcome of COVID-19 patients presenting with admis-
sion hyperglycemia.
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Finally, we wish to underline that, while this manuscript
was under preparation, a study conducted on 453 patients
hospitalized for COVID-19 at the Union Hospital in Wuhan
(China) found that newly diagnosed diabetes was associated
with a higher risk of mortality than known diabetes [32].
Interestingly, patients without known diabetes but presenting
with hyperglycemia had the worst outcome. The similarities
with our study are striking, providing evidence that COVID-
19 presents with the same clinical features in distant coun-
tries and different healthcare models. This also markedly
reinforces the clinical message that hyperglycemia is a strong
prognostic factor for adverse outcomes during COVID-19.
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