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Abstract 

Purpose: To assess whether dysglycemia diagnosed during severe acute respiratory 
syndrome coronavirus 2 pneumonia may become a potential public health problem after 
resolution of the infection. In an adult cohort with suspected coronavirus disease 2019 
(COVID-19) pneumonia, we integrated glucose data upon hospital admission with fasting 
blood glucose (FBG) in the year prior to COVID-19 and during postdischarge follow-up.
Methods:  From February 25 to May 15, 2020, 660 adults with suspected COVID-19 
pneumonia were admitted to the San Raffaele Hospital (Milan, Italy). Through structured 
interviews/ medical record reviews, we collected demographics, clinical features, and 
laboratory tests upon admission and additional data during hospitalization or after 
discharge and in the previous year. Upon admission, we classified participants according 
to American Diabetes Association criteria as having (1) preexisting diabetes, (2) newly 
diagnosed diabetes, (3) hyperglycemia not in the diabetes range, or (4) normoglycemia. 
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FBG prior to admission and during follow-up were classified as normal or impaired 
fasting glucose and fasting glucose in the diabetes range.
Results:  In patients with confirmed COVID (n = 589), the proportion with preexisting or 
newly diagnosed diabetes, hyperglycemia not in the diabetes range and normoglycemia 
was 19.6%, 6.7%, 43.7%, and 30.0%, respectively. Patients with dysglycemia associated 
to COVID-19 had increased markers of inflammation and organs’ injury and poorer 
clinical outcome compared to those with normoglycemia. After the infection resolved, 
the prevalence of dysglycemia reverted to preadmission frequency.
Conclusions:  COVID-19–associated dysglycemia is unlikely to become a lasting public 
health problem. Alarmist claims on the diabetes risk after COVID-19 pneumonia should 
be interpreted with caution.

Key Words: COVID-19, diabetes, humans

Individuals with either type 1 or type 2 diabetes are more 
likely to develop severe coronavirus disease 2019 (COVID-
19) and to die from severe acute respiratory syndrome 
coronavirus 2 (SARS-CoV-2) infection than people who 
do not have diabetes (1-7). Moreover, acute metabolic de-
compensation of preexisting diabetes is a well-recognized 
complication of SARS-CoV-2 infection (8,9). Furthermore, 
isolated cases of new-onset diabetes have been reported 
during COVID-19 (10-16), suggesting the possibility that 
SARS-CoV-2 might exert direct cytotoxicity against beta 
cells with a diabetogenic effect (17,18). Intriguingly, in 
vitro studies reported that the putative receptor angio-
tensin converting enzyme-2 (ACE2) and the effector pro-
tease transmembrane serine protease 2 (TMPRSS2), 2 
factors associated with SARS-CoV-2 infection (19), are 
expressed in isolated human islets and in pancreatic endo-
crine cells derived from human pluripotent stem cells 
(20,21). This would be consistent with the observation 
that, using both pseudoviral particles and live SARS-CoV-2, 
pancreatic alpha and beta cells appear permissive to SARS-
CoV-2 infection (21,22). Finally, the existence of a SARS-
CoV-2-induced beta-cell transdifferentiation was recently 
suggested (23). However, other studies have disproved a 
significant expression of ACE2 and TMPRSS2 in native 
human pancreatic islet beta cells from normal donors, sug-
gesting that a direct diabetogenic effect of SARS-CoV-2 
via ACE2 and TMPRSS2 is unlikely (24,25). Despite these 
discrepancies, all studies agreed that SARS-CoV-2 can be 
detected in the pancreas where it may cause inflamma-
tion and indirectly affect beta cells. Consistently, pancre-
atic enlargement, abnormal amylase or lipase levels, and 
pancreatitis were described in critically ill COVID-19 pa-
tients (26-28). However, the evidence that different pan-
creatic tissues are susceptible to SARS-CoV-2 infection 
does not automatically imply that SARS-CoV-2 infection 
will have a permanent effect on glucose homeostasis after 
infection resolution or will trigger a permanent diabetes. 

Recently, Montefusco et al (29) reported that among pa-
tients with new-onset hyperglycemia at hospital admission 
for COVID-19, persistent hyperglycemia continued to be 
observed in the 6 months after resolution of SARS-CoV-2 
infection in 20 out 57 of patients (35.1%), and overt dia-
betes was diagnosed in 1 out of 57 of patients (1.6%), sug-
gesting the persistence of aberrant glycometabolic control 
long after recovery from COVID-19. Using a classification 
of dysglycemia associated with SARS-CoV-2 infection that 
differs from that of Montefusco et al (29), we previously 
reported in a cohort of patients with confirmed COVID-19 
that only a small percentage of patients without preexisting 
diabetes maintained or achieved aberrant glycometabolic 
control during follow-up, possibly unrelated to the SARS-
CoV-2 infection (30). To address the discrepancy between 
these 2 studies, we analyzed glucose data at the time of 
admission in a cohort of 660 adult cases with suspected 
COVID-19. We classified their dysglycemia according to 
the criteria used by Montefusco et  al (29) and assessed 
whether this persists throughout follow-up or reverts when 
the viral infection resolves.

Materials and Methods

Study Population and Data Sources

The study population consisted of 660 adults (aged 
≥18 years) with suspected COVID-19 pneumonia admitted 
between February 25 and May 15, 2020, to the emergency 
or clinical departments of the IRCCS San Raffaele Hospital 
(Milan, Italy) and for whom a serum sample was stored 
in our institutional biobank (31). This series of patients is 
part of an institutional clinical–biological cohort (COVID-
BioB; ClinicalTrials.gov Identifier: NCT04318366) of 
patients with COVID-19 (32). The Institutional Review 
Board (protocol number 34/int/2020) approved the 
study. Informed consent was obtained by all partici-
pants according to Institutional Review Board guidelines. 
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A confirmed COVID-19 case was defined as previously de-
scribed (33). Briefly, a patient with SARS-CoV-2 positive 
reverse-transcriptase polymerase chain reaction (rtPCR) 
from a nasal/throat swab and signs, symptoms, and radio-
logical findings suggestive of COVID-19 pneumonia was 
classified as positive (n = 558). In case of multiple (at least 
2)  SARS-CoV-2 negative rtPCR in the presence of radio-
logical findings suggestive of COVID-19 pneumonia, 
subjects were classified as having a confirmed infection if 
they were positive for immunoglobulin M/immunoglobulin 
G against SARS-CoV-2 spike protein (34) (n = 28). SARS-
CoV-2 infection was excluded in subjects with multiple (at 
least 2) SARS-CoV-2 negative rtPCR and negative for im-
munoglobulin M/immunoglobulin G against SARS-CoV-2 
spike protein (n = 74). Demographic information, clinical 
features, and laboratory tests were obtained within 72 h 
from admission. Data were collected as previously de-
scribed (33) during hospitalization or after discharge from 
both structured baseline patient interviews and hospital 
paper or electronic medical records. We also reviewed the 
electronic medical records in the year prior to the hospital 
admission for COVID-19.

Laboratory Variables

Routine blood tests encompassed serum biochemistry 
[including renal function and lactate dehydrogenase 
(LDH)], complete blood counts with differential, inflam-
mation markers [C-reactive protein (CRP), ferritin, inter-
leukin-6 (IL-6)], and D-dimer.

Definition of Glycinemic Alteration

Fasting blood glucose (FBG) were measured in each patient 
at different time points after admission to the emergency 
room and during hospitalization. A mean of 4 ± 1.6 (SE) 
time points per patients were available. In the year prior 
to hospital admission, we retrieved FBG for 234 out of the 
660 patients in our cohort. Glycated hemoglobin (HbA1c) 
levels during in hospital stay or in the year prior to hos-
pital admission were also abstracted, where available. We 
also recorded FBG, body mass index (BMI), and HbA1c 
during the postdischarge follow-up (ie, at the 1-, 3-, 6-, and 
12-month outpatient visits), where available. Regarding 
glucose treatment modalities applied during the hospi-
talization period, as no specific guidelines were available 
during the first wave, patients were treated as suggested 
by American Diabetes Association (ADA) Standards of 
Medical Care in Diabetes—2020 (35): insulin therapy 
was initiated for treatment of persistent hyperglycemia 
starting at a threshold ≥180 mg/dL (10.0 mmol/L). Once 
insulin therapy was started, a target glucose range of 140 to 
180 mg/dL (7.8–10.0 mmol/L) was recommended.

We stratified glucose abnormalities at the time of hospi-
talization using the criteria recently reported by Montefusco 
et al (29). Briefly, study participants were defined as having 
(1) preexisting diabetes if prior to hospital admission for 
COVID-19 they had a documented diagnosis of diabetes 
or were prescribed diabetes medications; (2) newly diag-
nosed diabetes if they had a negative history of diabetes, 
no prescription of diabetes medications, and a FBG during 
hospitalization, in the absence of infusions of dextrose, of 
7.0  mmol/L or higher (ADA criteria); (3) hyperglycemia 
not in the diabetes range if they had random blood glucose 
levels between 100 and 199 mg/dL or 2 FBG >100 mg/dL 
and <126 mg/dL; or (4) normoglycemia if they had no his-
tory of diabetes and had normal glucose levels according 
to the ADA criteria. FBG recorded before admission and 
during the follow-up were classified as normal fasting glu-
cose, impaired fasting glucose (IFG), or fasting glucose in 
the diabetes range (DFG) according to ADA criteria.

Statistical Analysis

Categorical variables are reported as frequency or per-
centage, continuous variables as median with interquartile 
range, or mean with SD. Categorical variables were com-
pared using Chi-square or Fisher’s exact test, as appro-
priate. Continuous variables were compared using paired/
unpaired t-test, analysis of variance (Bonferroni post hoc 
test), Mann-Whitney test, Kruskal-Wallis test (Dunn’s post 
hoc test), and Wilcoxon, as appropriate. Spearman correl-
ation was performed to assess the association between gly-
cemia and biochemistry variables. The time to event was 
estimated according to Kaplan-Meier, from the date of 
symptom onset to the date of the event or of last follow-up 
visit, whichever occurred first. We used univariate and 
multivariate Cox proportional hazards models to study the 
association between patient characteristics with time to ad-
verse outcome (a composite endpoint of admission to in-
tensive care unit or death, whichever occurred first). The 
effect estimates were reported as hazard ratios (HRs) with 
the corresponding 95% CI estimated according to the Wald 
approximation. Two-tailed P-values are reported, with 
P-value < 0.05 indicating statistical significance. All CIs are 
2-sided and not adjusted for multiple testing unless other-
wise specified. Statistical analyses were performed with 
SPSS 24 (SPSS Inc./IBM) and GraphPad Prism version 5.04.

Results

Glucose Categories at the Time of Admission for 
Suspected COVID-19 Pneumonia

From February 25 to May 15, 2020, 660 adults with sus-
pected COVID-19 pneumonia were enrolled in our in-
stitutional clinical–biological cohort (COVID-BioB). 
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A  diagnosis of COVID-19 was confirmed in 586 out of 
660 cases (88.8%, COVID cohort), while the SARS-CoV-2 
infection was excluded in the remaining 74 cases (5.1%, 
No-COVID cohort). In the COVID cohort, 154 out of 
586 patients (26.3%) presented with increased blood glu-
cose levels (Fig. 1A). One hundred and fifteen out of 154 
(19.6%) had preexisting diabetes, while a new diagnosis 
of diabetes was made in the remaining 39 patients (6.7%) 
during their in hospital stay. Hyperglycemia not in the dia-
betes range was observed during hospitalization in 256 out 
of 586 subjects (43.7%), without preexisting or newly diag-
nosed diabetes, while the remaining 176 patients (30%) 
had normal blood glucose levels throughout their hospital 
stay. Among the 74 patients in whom COVID-19 was not 
confirmed, 17 (23.0%) had diabetes, either preexisting dia-
betes (n = 10, 13.5%) or newly diagnosed diabetes (n = 7, 
9.5%); 15 (20.2%) had hyperglycemia not in the diabetes 
range; and 42 (56.8%) were normoglycemics throughout 
their hospital stay (Fig. 1A). Demographic and clinical char-
acteristics of our study population are reported in Table 1, 
where we combined patients with preexisting diabetes and 
newly diagnosed diabetes. As expected, mean HbA1c levels 
were significantly higher in patients with diabetes com-
pared to patients with hyperglycemia not in the diabetes 
range or normoglycemia but not different between patients 
with hyperglycemia and normoglycemia (Fig. 1B). On 
the other hand, mean FGB and peak blood glucose levels 
during hospital stay were different between groups, with 
the highest levels in patients with diabetes (Fig. 1C). Upon 
admission patients with diabetes exhibited significantly 
higher white blood cell count [7.9 (5.8-11.7) vs 6.4 (4.7-9) 
× 109/L, P < 0.0001], neutrophil-to-lymphocyte ratio [3.32 
(0.72-6) vs 2.33 (0.64-3.87), P < 0.0001], serum creatinine 
[1.1 (0.86-1.5) vs 0.92 (0.77-1.14) mg/dL, P  <  0.0001], 
LDH [380 (301-524) vs 277 (229-380) U/L, P < 0.0001], 
CRP [84.3 (27.1-168) vs 48.7 (14-123.3) mg/L, P < 0.001], 
ferritin [1058 (546-1662) vs 929 (385-929) mcg/L, 
P  <  0.001], and D-dimer [1.79 (0.94-3.81) vs 0.88 (0.4-
1.81) mcg/L, P < 0.0001] levels compared to patients with 
normoglycemia (Fig. 2). Generally, patients with hypergly-
cemia not in the diabetes range showed intermediate levels 
between patients with diabetes and patients with normo-
glycemia (Fig. 2). IL-6 levels were not different between 
groups. In the overall population, Spearman’s correlation 
showed negligible or weak correlation, although statistic-
ally significant, between mean FBG or peak glycemia values 
during hospitalization and the biochemistry variables ana-
lyzed [Supplementary Figure 1 (36)]. Glucose abnormal-
ities were strongly associated with an increased risk of 
adverse clinical outcome, as defined by composite endpoint 
of admission to intensive care unit or death, whichever oc-
curred first (Fig. 1D-1E, Table 1). Sex- and age-adjusted 

Cox proportional hazards model showed an increased risk 
for the adverse clinical outcome in patients with diabetes 
compared to those with normoglycemia [HR 3.28 (95% CI 
2.04-5.3); P < 0.001] or hyperglycemia not in the diabetes 
range [HR 1.59, (95% CI 1.14-2.2); P = 0.006]. Moreover, 
an increased risk of adverse clinical outcome was evident 
also for patients with hyperglycemia not in the diabetes 
range compared to normoglycemics ones [HR 2.16 (95% 
CI 1.35-3.4); P = 0.001]. A multivariate analysis, including 
BMI, creatinine hypertension, cardiovascular disease, and 
known markers of diseases severity at admission (LDH, 
CRP, white blood cell), confirmed diabetes as an inde-
pendent predictor of adverse clinical outcome (Fig. 1E). 
Finally, patients with diabetes and hyperglycemia not in the 
diabetes range had a longer hospital stay compared to pa-
tients with normoglycemia (Fig. 1F).

FBG Prior to COVID-19 and After Hospital 
Discharge, by the Glucose Categories at the Time 
of Hospitalization for COVID-19

The median follow-up time after symptoms onset was 215 
(95% CI 208-222) and 198 (95% CI 110-285) days for 
the COVID and No-COVID cohorts, respectively. Among 
discharged patients, 355 out of 475 in the COVID cohort 
[74.7%, median time after discharge 6 (3-6) months] and 
23 out of 65 in the No-COVID cohort [35.4%, median time 
after discharge 6 (3-12) months] had at least 1 FBG during 
postdischarge follow-up. Moreover, our retrospective ab-
straction from electronic medical records provided FBG 
values in the year prior to hospital admission for COVID-
19 for 199 out of 586 (34%) and 35 out of 74 (47.3%) pa-
tients in the COVID and No-COVID cohorts, respectively. 
In the COVID cohort, we analyzed FBG prior to COVID-
19 hospitalization and after hospital discharge in the dif-
ferent glucose categories at the time of hospitalization for 
COVID-19 (Fig. 3). Among 115 patients with preexisting 
diabetes, in the year prior to admission FBG was available 
for 50 subjects (43.5%) and during follow-up for 63 out 
of 76 surviving patients (82.1%). As expected, most pa-
tients showed DFG both before and after SARS-CoV-2 in-
fection, without significant changes during the time. During 
the follow-up, no diabetic patients required drug treatment 
escalation. A  marginal trend in increasing FBG was evi-
dent during hospitalization [from 137 (116-172) mg/dL 
to 150 (115-230) mg/dL, P = 0.11], followed by return to 
preinfection levels during follow-up [134 (108-169) mg/dL, 
P = 0.84]. Among 295 patients with newly diagnosed dia-
betes or hyperglycemia not in the diabetes range, FBG prior 
to COVID-19 was available for 84 patients (28.5%) and 
FBG during follow-up for 178 out of the 238 surviving pa-
tients (74.8%). Of note, in this group in 33.3% of patients 
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IFG/DFG was already present prior to SARS-CoV-2 in-
fection. A significant increase of FBG was evident during 
hospitalization [from 95 (85-107) to 102 mg/dL (93-115), 
P = 0.003] followed by return to preinfection levels during 
follow-up [97.5 (90-107) mg/dL; P = 0.24 vs preinfection 
levels, P = 0.004 vs hospitalization]. Among the 176 patients 
with normoglycemia during hospitalization, FBG prior to 
COVID-19 was available for 65 subjects (36.9%) and glu-
cose measurements during follow-up for 112 out of the 
161 surviving patients (69.6%). In this group a significant 
decrease of FBG was evident during hospitalization [from 
91 (86-96.5) to 85 (78-89) mg/dL, P < 0.001] followed by 
a return to preinfection levels during follow-up [94 (88-
100) mg/dL; P = 0.72 vs preinfection levels, P < 0.001 vs 
hospitalization]. A reduction in BMI from baseline was re-
ported at the last observation in patients with newly diag-
nosed diabetes or hyperglycemia not in the diabetes range 
during hospitalization (Fig. 4). On the contrary, a modest 
increase in BMI during follow-up was evident in patients 

with normoglycemia during hospitalization. HbA1c did 
not change significantly during the observation period in 
all 3 groups (Fig. 4). The same analysis was performed also 
in the No-COVID cohort with similar results, even if the 
low number of patients in this cohort does not allow to 
draw definite conclusions [Supplementary Figure 2 (36)].

Discussion

Whether dysglycemia associated with SARS-CoV-2 in-
fection should be considered a specific clinical entity, and 
whether it persists or reverts when the viral infection re-
solves is still a matter of discussion. To address this issue, 
we studied a cohort of 621 adults patients with suspected 
COVID-19 pneumonia, assessing dysglycemia not only 
at the time of hospitalization but also in the year prior 
to COVID-19 hospitalization and during postdischarge 
follow-up, when FBG were available. Our study generated 
several interesting findings.

Figure 1.  Dysglycemia associated with severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) infection. We analyzed a series of 586 cases 
with confirmed coronavirus disease 2019 (COVID-19; COVID cohort) and 74 cases in which SARS-CoV-2 infection was excluded (No-COVID cohort). (A) 
Glucose abnormalities at hospital admission. Bar plots represent the proportion of individuals with diabetes (either preexisting or newly diagnosed), 
hyperglycemia not in the diabetes range and normoglycemia in the COVID-19 cohort and No-COVID cohort. (B and C) Mean glycated hemoglobin 
levels and mean peak blood glucose levels were summarized for patients with diabetes (either preexisting or newly diagnosed), hyperglycemia not 
in the diabetes range, and normoglycemia. Scatterplots show the mean ± SD; the error bars represent the SD, and each dot represents an individual 
patient. (D) Kaplan-Meyer time-to-event analysis for survival without adverse clinical outcome in the three patient groups. Log-rank (Mantel-Cox) 
test. (E) Forest plot of the hazard ratio for diseases severity (composite endpoint of admission to the intensive care unit or death, whichever occurred 
first) in the 3 patient groups. Sex-and age-adjusted multivariate Cox proportional hazards model including body mass index, creatinine, hyperten-
sion, cardiovascular disease, lactate dehydrogenase, C-reactive protein, and white blood cells. (F) Time to hospital discharge in the 3 patient groups. 
Scatterplots show the mean ± SD; the error bars represent the SD, with each dot representing an individual patient. (B, C, and E) One-way analysis 
of variance with Bonferroni correction.

D
ow

nloaded from
 https://academ

ic.oup.com
/jcem

/article/107/3/e1009/6414404 by guest on 19 D
ecem

ber 2024



e1014 � The Journal of Clinical Endocrinology & Metabolism, 2022, Vol. 107, No. 3

Ta
b

le
 1

. 
D

em
o

g
ra

p
h

ic
s 

an
d

 c
lin

ic
al

 c
h

ar
ac

te
ri

st
ic

s 
o

f 
th

e 
st

u
d

y 
p

o
p

u
la

ti
o

n
, s

tr
at

ifi
ed

 b
y 

g
lu

co
se

 c
at

eg
o

ri
es

 a
t 

th
e 

ti
m

e 
o

f 
ad

m
is

si
o

n
 f

o
r 

su
sp

ec
te

d
 C

O
V

ID
-1

9 
p

n
eu

m
o

n
ia

C
O

V
ID

 c
oh

or
t

N
o-

C
O

V
ID

 c
oh

or
t

 
A

ll
D

ia
be

te
s

H
yp

er
gl

yc
em

ia
N

or
m

og
ly

ce
m

ia
P

M
is

si
ng

P
 v

s 
C

O
V

ID

N
58

6
15

4
25

6
17

6
 

 
74

 
M

/F
39

1/
19

5
97

/7
8

18
5/

71
98

/7
8

0.
00

1
0

41
/3

3
0.

06
9

A
ge

, y
ea

rs
64

 ±
 1

4.
5

68
.3

 ±
 1

2.
4a

,b
63

.6
 ±

 1
4

61
.1

 ±
 1

6
<0

.0
01

0
62

 ±
 1

8
0.

16
B

M
I, 

kg
/m

2
28

 ±
 5

.3
2

29
.7

 ±
 6

a 
,b

27
.6

 ±
 4

.3
27

.2
 ±

 5
.8

<0
.0

01
72

24
.7

 ±
 3

.9
0.

00
6

E
ur

op
ea

ns
49

6 
(8

4.
6)

13
6(

88
.3

)
21

2 
(8

2.
8)

14
8 

(8
4.

1)
0.

4
0

63
 (

85
.1

)
0.

86
H

yp
er

te
ns

io
n,

 n
 (

%
)

28
8 

(4
9.

2)
10

7 
(6

9)
11

9 
(4

7)
62

 (
35

)
<0

.0
01

1
25

 (
33

.8
)

0.
01

3
C

A
D

, n
 (

%
)

85
 (

14
.5

)
38

 (
25

)
28

 (
11

)
19

 (
11

)
<0

.0
01

1
13

 (
17

.6
)

0.
49

A
C

E
/A

R
B

, n
 (

%
)

16
4 

(2
8.

3)
61

 (
40

)
68

 (
27

)
35

 (
20

)
<0

.0
01

7
18

 (
25

)
0.

58
St

er
oi

d 
th

er
ap

y 
du

ri
ng

 h
os

pi
ta

liz
at

io
n

11
2 

(1
9.

1)
31

(2
0.

1)
55

 (
21

.5
)

26
 (

14
.8

)
0.

64
0

—
—

Sw
ab

 n
eg

at
iv

iz
at

io
n,

 d
ay

s 
40

 (
38

.2
-4

1.
7)

41
 (

38
-4

4)
40

 (
37

-4
3)

37
 (

33
-4

1)
0.

49
1

—
—

D
ea

th
, n

 (
%

)
11

1 
(1

8.
9)

50
 (

32
.5

)
46

 (
18

)
15

 (
8.

5)
<0

.0
01

0
9 

(1
2.

2)
0.

2
In

te
ns

iv
e 

ca
re

 u
ni

t, 
n 

(%
)

93
 (

15
.9

)
35

 (
23

)
48

 (
19

)
10

 (
5.

7)
<0

.0
01

0
0 

(0
)

<0
.0

01
M

ea
n 

fa
st

in
g 

gl
yc

em
ia

, m
g/

dL
11

3.
6 

± 
43

.5
16

2.
5 

± 
57

a,
b

10
4 

± 
15

c
84

.5
 ±

 9
<0

.0
01

0
10

2 
± 

32
0.

04
2

M
ax

 f
as

ti
ng

 g
ly

ce
m

ia
, m

g/
dL

13
7.

2 
± 

68
21

1.
3 

± 
92

a,
b

12
5.

1 
± 

22
c

89
.8

 ±
 8

<0
.0

01
0

11
3 

± 
66

0.
00

3
H

bA
1c

, m
m

ol
/m

ol
45

.7
 ±

 1
9

53
 ±

 2
3a,

b
38

 ±
 7

36
 ±

 5
<0

.0
01

48
4

41
 ±

 8
0.

37
W

hi
te

 b
lo

od
 c

ou
nt

, ×
10

9 /L
7 

(5
.1

-9
.8

)
7.

6 
(5

.8
-1

1.
7)

a,
b

6.
9 

(5
.1

-9
.6

)
6.

4 
(4

.7
-9

)
<0

.0
01

0
9.

1 
(6

.9
-1

1.
4)

<0
.0

01
R

ed
 b

lo
od

 c
ou

nt
, m

ill
io

n/
m

m
3

4.
45

 (
4.

01
-4

.9
)

4.
4 

(3
.9

-5
)

4.
5 

(4
.1

-4
.9

)
4.

6 
(4

.2
-5

.0
)

0.
24

0
4.

5 
(4

.1
-4

.8
)

0.
52

H
em

og
lo

bi
n,

 g
/d

L
13

 (
11

.5
-1

4.
4)

12
.8

 (
11

.3
-1

4.
4)

13
.3

 (
12

-1
4.

3)
13

 (
11

.5
-1

4.
4)

0.
15

0
13

.4
 (

12
.1

-1
4.

5)
0.

16
H

em
at

oc
ri

t, 
%

38
.9

5 
(3

5-
42

.3
)

39
.1

 (
34

.8
-4

3.
5)

39
.2

 (
35

.7
-4

2.
2)

38
.9

 (
34

.5
-4

2.
7)

0.
56

0
39

.4
5 

(3
5.

9-
43

.1
)

0.
15

Pl
at

el
et

 c
ou

nt
, ×

10
9 /L

23
2 

(1
70

-3
09

.5
)

23
6 

(1
75

-3
14

)
23

2 
(1

71
-3

14
)

22
8 

(1
69

-3
01

)
0.

65
0

23
9.

5 
(1

72
.7

-3
05

)
0.

99
N

eu
tr

op
hi

ls
, ×

10
9 /L

5.
2 

(3
5-

7.
9)

5.
8 

(4
.1

-8
.8

)a  
5.

2 
(3

.6
-7

.7
)

4.
7 

(3
-6

.2
)

<0
.0

01
9

6.
35

 (
4.

6-
9.

3)
0.

14
Ly

m
ph

oc
yt

es
, ×

10
9 /L

1 
(0

.7
-1

4)
1 

(0
.7

-1
.4

)
0.

9 
(0

.7
-1

.2
)c

1.
2 

(0
.7

-1
.5

)
0.

00
3

16
1.

4 
(0

.9
-2

)
0.

50
M

on
oc

yt
es

, ×
10

9 /L
0.

5 
(0

.3
-0

.7
)

0.
5 

(0
.3

-0
.8

)
0.

4 
(0

.3
-0

.6
)

0.
5 

(0
.4

-0
.7

)
0.

07
9

16
0.

7 
(0

.5
-0

.8
)

0.
49

Pa
ti

en
ts

 w
it

h 
a 

FB
G

 a
va

ila
bl

e 
in

 t
he

 y
ea

r 
pr

io
r 

to
 a

dm
is

si
on

, n
 (

%
)

19
9 

(3
4)

56
 (

36
.4

)
78

 (
30

.5
)

65
 (

37
)

—
—

35
 (

47
.3

)
—

Pa
ti

en
ts

 d
is

ch
ar

ge
d 

al
iv

e 
w

it
h 

at
 le

as
t 

1 
FB

G
 a

t 
fo

llo
w

-u
p,

 n
 (

%
)

35
5 

(7
4.

3)
83

 (
79

.8
)

16
0 

(7
6.

2)
11

2 
(6

9.
6)

—
—

23
 (

35
.4

)
—

A
bb

re
vi

at
io

ns
: A

C
E

/A
R

B
, a

ng
io

te
ns

in
 c

on
ve

rt
in

g 
en

zy
m

e/
an

gi
ot

en
si

n-
re

ce
pt

or
 b

lo
ck

er
s;

 B
M

I, 
bo

dy
 m

as
s 

in
de

x;
 C

A
D

, c
or

on
ar

y 
ar

te
ry

 d
is

ea
se

; F
B

G
, f

as
ti

ng
 b

lo
od

 g
lu

co
se

; C
O

V
ID

-1
9,

 c
or

on
av

ir
us

 d
is

ea
se

 2
01

9;
 M

/F
, m

al
e/

fe
m

al
e.

a Po
st

 h
oc

 a
na

ly
si

s:
 P

 <
 0

.0
5 

di
ab

et
es

 v
s 

no
rm

og
ly

ce
m

ia
.

b Po
st

 h
oc

 a
na

ly
si

s:
 P

 <
 0

.0
5 

di
ab

et
es

 v
s 

hy
pe

rg
ly

ce
m

ia
.

c Po
st

 h
oc

 a
na

ly
si

s:
 P

 <
 0

.0
5 

hy
pe

rg
ly

ci
ne

m
ic

 v
s 

no
rm

og
ly

ce
m

ia
.

D
ow

nloaded from
 https://academ

ic.oup.com
/jcem

/article/107/3/e1009/6414404 by guest on 19 D
ecem

ber 2024



The Journal of Clinical Endocrinology & Metabolism, 2022, Vol. 107, No. 3� e1015

First, the dysglycemia associated with COVID-19 (ie, 
newly diagnosed diabetes or hyperglycemia not in the dia-
betes range) resolved in the majority of patients after the 
SARS-CoV-2 infection resolved. A  similar behavior was 
also evident in the No-COVID cohort, and it is, there-
fore, reasonable to speculate that reversible transient fac-
tors, such as inflammation-induced insulin resistance, may 
be causing dysglycemia in patients with pneumonia from 
SARS-CoV-2 or other pathogens (37). This hypothesis is 
supported by the association between biochemical markers 
of inflammation during hospitalization and the degree of 
dysglycemia. Therefore, this finding does not support the 
persistence of a long-term disruption of glycometabolic 
control after SARS-CoV-2 infection, as claimed by other 
authors (29). One possible explanation for this discrep-
ancy is a potential assessment bias (ie, how patients with 
dysglycemia are identified and classified) in observational 
studies conducted under emergency conditions. Obviously, 
a biased stratification of the groups leads to biased conclu-
sions, independently by the quality of data and the statis-
tical analysis performed. A negative history of diabetes or 
prediabetes cannot rule out the presence of undiagnosed 
diabetes. Thanks to the access, although retrospective, to 
FBG values in the year prior to hospitalization for COVID-
19, in our cohort we could document that DFG or IFG were 
often preexistent in patients that at hospital admission for 

suspected COVID-19 were classified as normoglycemics 
or with newly diagnosed diabetes or with hyperglycemia 
not in the diabetes range. Moreover, the prevalence of IFG, 
DFG, and FBG, as well as median HbA1c and BMI before 
and 6 months after SARS-CoV-2 infection (ie, outside an 
acute illness) were similar in the 3 groups.

Second, the prevalence of preexisting diabetes was 
similar in patients of the COVID and No-COVID co-
horts, while the prevalence of newly diagnosed diabetes 
and hyperglycemia not in the diabetes range was higher in 
the COVID-19 cohort. This suggest that diabetes per se, as 
risk factor, is not unique to COVID-19. On the other hand, 
the well-known high level of inflammatory stress associ-
ated with the acute phase of COVID-19 pneumonia may 
account for the excess difference in newly diagnosed dia-
betes and hyperglycemia not in the diabetes range between 
the COVID and No-COVID cohort. Third, the prevalence 
of the dysglycemia associated with SARS-CoV-2 infec-
tion may vary significantly according to the criteria used 
to define glucose abnormalities. In this study, overt hyper-
glycemia was present in 43.7% of patients during hospi-
talization. This prevalence is comparable to that reported 
by Montefusco et  al (29) (not unexpectedly, having used 
the same classification criteria) but certainly higher than 
that previously reported by us (38) or by other groups 
(39) using other classification. This underlines the need for 

Figure 2.  Biochemistry at admission according to glucose abnormalities. Routine blood tests encompassed serum biochemistry [including serum 
creatinine and lactate dehydrogenase (LDH)], complete blood count with differential, inflammation markers [C-reactive protein (CRP), ferritin, inter-
leukin-6 (IL-6)], and D-dimer. Scatterplots show the median; the error bars represent the interquartile range, and each dot represents an individual 
patient. Kruskal-Wallis with Dunn’s correction was used for comparison between groups.

D
ow

nloaded from
 https://academ

ic.oup.com
/jcem

/article/107/3/e1009/6414404 by guest on 19 D
ecem

ber 2024



e1016 � The Journal of Clinical Endocrinology & Metabolism, 2022, Vol. 107, No. 3

standardizing the criteria to define the different categories 
of glucose abnormalities to allow comparison of the results 
from different studies.

Fourth, regardless of its reversibility, our study docu-
mented that dysglycemia was associated with an adverse 
clinical outcome of SARS-CoV-2 infection and that this 
association was independent from the major risk factors 
for disease severity. As good glycemic control was indeed 
shown to reduce disease severity and mortality in COVID-
19 patients with hyperglycemia (40), early recognition and 
treatment of COVID-associated hyperglycemia may greatly 
benefit these patients. Therefore, our findings do strongly 
support the need to screen all patients with COVID-19 
pneumonia for hyperglycemia (ie, with either fasting blood 
glucose and/or HbA1c) at the time of hospital admission, 
despite a mute personal or family history of diabetes.

Whether COVID-associated dysglycemia is a new clin-
ical entity is still a matter of discussion. In terms of patho-
physiology, dysglycemia may include (1) stress-induced 
hyperglycemia; (2) previously unrecognized (pre)diabetes 
(either type 2 or, less likely, type 1 diabetes); (3) a form 
of diabetes due to the direct effect of the SARS-CoV-2 on 

the pancreas; or (4) a form of diabetes secondary to the 
treatment of COVID-19 (eg, with glucocorticoids or other 
medications possibly inducing secondary hyperglycemia/
diabetes) (37, 41-47). In our cohort, enrolled during the 
first wave of the pandemic, the use of glucocorticoids 
was very limited and, therefore, unlikely to have played a 
role in the pathogenesis of hyperglycemia. Since FBG re-
verted to preadmission values in most patients when the 
infection resolved, it is reasonable to hypothesize that re-
versible transient factors, such as inflammation-induced in-
sulin resistance, may have played a major role in causing 
dysglycemia (37). In any case, we cannot exclude that more 
than 1 cause may have contributed to the dysglycemia as-
sociated with SARS-CoV-2. Definitively addressing the spe-
cific role of SARS-CoV-2 in COVID-associated dysglycemia 
would require the systematic availability of pancreatic 
tissue and advanced studies on insulin secretion and re-
sistance before, during, and after the infection, studies 
that would be extremely difficult or unrealistic to perform. 
Recently, in contrast to our data, some retrospective co-
hort studies have reported excess risk and relative hazards 
for developing incident diabetes after the acute phase of 

Figure 3.  Glucose abnormalities and fasting blood glucose before admission and after discharge stratified by dysglycemia at the time of coronavirus 
disease 2019 (COVID-19) hospitalization in the COVID cohort. Left panels: For each glucose abnormality at the time of hospital admission for COVID-
19 we show glucose abnormalities before admission and at last follow-up for the COVID cohort. Bar plots represents the proportion of individuals 
with normal fasting glucose (NFG), impaired fasting glucose (IFG) and fasting glucose in the diabetes range (DFG), defined according to American 
Diabetes Association criteria. Right panels: fasting blood glucose (FBG) before admission, during hospitalization (admission), and at last follow-up. 
In the scatterplots each dots represents an individual patient, the horizontal line is the mean, the error bars represent the SD. Paired t-test was used 
to compare time points.
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SARS-CoV-2 infection in adults (48,49). Significant risk 
differences for type 2 diabetes after SARS-CoV-2 infection 
ranged from 0.47 to 0.82 per 100 people, and HRs ranged 
from 1.39 to 1.83. The major limitation of these studies is 
that the incident new cases in the postacute phase may be 
just the identification of a preexisting condition that was 
simply undiagnosed before. In fact, epidemiological evi-
dence in many countries suggests that for any 2 patients 
with diagnosed diabetes there might be 1 with undiagnosed 
diabetes. Moreover, those studies identified an excess risk 
for diabetes that was not unique to SARS-CoV-2, since it 
was also observed with other serious viral infections. For 
example, compared to individuals who were hospitalized 
with seasonal influenza, patients who were hospitalized 
for COVID-19 did not have a significantly higher burden 
of type 2 diabetes, while they had a significant trend to a 
lower burden of type 1 diabetes (48,49).

Our study has some limitations. First, our cohort con-
sists of hospitalized patients with COVID-19, excluding 
asymptomatic or paucisymptomatic patients who were 
treated at home. Second, preadmission and postdischarge 
FBG were not available for all patients, and we cannot ex-
clude a selection bias. Third, death might be an important 
competing risk (in the sense that prevent us from appreci-
ating diabetes cases in patients who are deceased), and we 

did not perform a competing risk analysis. Fourth, we only 
systematically assessed FBG, and we acknowledge that 
more specific markers of beta cell function, such as serum 
insulin and or C-peptide levels, would have provided rele-
vant information. Fifth, this has been a single-center study, 
covering mainly Europeans. Consequently, the conclusion 
should be limited to Europeans, and we cannot exclude that 
in other ethnic groups the COVID-19 encounter may led to 
a different clinical outcome in view of different beta cell 
functional capacity (ie, Asians as compared to Europeans). 
Finally, a 6-month follow-up may be too short to unveil 
a direct diabetogenic effects of the SARS-CoV-2 virus. In 
fact, there may be a delay between immunologic factors 
or infection damages and the onset of diabetes. It will be, 
therefore, crucial to conduct long-term follow-up studies in 
these patients.

Conclusions

COVID-associated dysglycemia is a complication of SARS-
CoV-2 infection, and this clinical entity still needs to be ad-
equately characterized in relationship with preexisting (pre)
diabetes or glucose intolerance. It is clear from our study 
that patients with COVID-associated dysglycemia had in-
creased levels of inflammatory markers and indicators of 

Figure 4.  Body mass index (BMI) and glycated hemoglobin at admission and after discharge stratified by dysglycemia at the time of coronavirus 
disease 2019 (COVID-19) hospitalization in the COVID cohort. BMI and glycated hemoglobin at hospital admission and at last follow-up. In the 
scatterplots each dots represents an individual patient, the horizontal line is the mean; the error bars represent the SD. Paired t-test was used to 
compare time points.
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organ injuries and showed a poorer clinical outcome. This 
strongly support the need to screen all patients COVID-
19 pneumonia for hyperglycemia at the time of admission, 
despite a mute personal or family history of diabetes, and 
treat their hyperglycemia promptly to achieve and main-
tain a good glycemic control during hospitalization. On the 
other hand, our data do not support the persistence of a 
long-term disruption of glycometabolic control after SARS-
CoV-2 infection. Large epidemiological studies in the next 
years will be required to clarify whether COVID-19 induce 
permanent diabetes. However, at this time, any alarmist 
claim on an increased risk of diabetes after SARS-CoV-2 
infection should be interpreted with caution.
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