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ABSTRACT
Objective: To compare patients with DKA, hyperglycaemic hyperosmolar syndrome (HHS), or
mixed DKA-HHS and COVID-19 [COVID (þ)] to COVID-19-negative (�) [COVID (�)] patients with
DKA/HHS from a low-income, racially/ethnically diverse catchment area.
Methods: A cross-sectional study was conducted with patients admitted to an urban academic
medical center between 1 March and 30 July 2020. Eligible patients met lab criteria for either
DKA or HHS. Mixed DKA-HHS was defined as meeting all criteria for either DKA or HHS with at
least 1 criterion for the other diagnosis.
Results: A total of 82 participants were stratified by COVID-19 status and type of hypergly-
caemic crisis [26 COVID (þ) and 56 COVID (�)]. A majority were either Black or Hispanic.
Compared with COVID (�) patients, COVID (þ) patients were older, more Hispanic and more
likely to have type 2 diabetes (T2D, 73% vs 48%, p< .01). COVID(þ) patients had a higher mean
pH (7.25±0.10 vs 7.16 ± 0.16, p< .01) and lower anion gap (18.7±5.7 vs 22.7 ± 6.9, p¼ .01) than
COVID (�) patients. COVID (þ) patients were given less intravenous fluids in the first 24h
(2.8 ± 1.9 vs 4.2± 2.4 L, p¼ .01) and were more likely to receive glucocorticoids (95% vs. 11%,
p< .01). COVID (þ) patients may have taken longer to resolve their hyperglycaemic crisis
(53.3 ± 64.8 vs 28.8 ±27.5 h, p¼ .09) and may have experienced more hypoglycaemia
<3.9mmol/L (35% vs 19%, p¼ .09). COVID (þ) patients had a higher length of hospital stay
(LOS, 14.8 ± 14.9 vs 6.5± 6.0 days, p¼ .01) and in-hospital mortality (27% vs 7%, p¼ .02).
Discussion: Compared with COVID (�) patients, COVID (þ) patients with DKA/HHS are more
likely to have T2D. Despite less severe metabolic acidosis, COVID (þ) patients may require more
time to resolve the hyperglycaemic crisis and experience more hypoglycaemia while suffering
greater LOS and risk of mortality. Larger studies are needed to examine whether differences in
management between COVID (þ) and (�) patients affect outcomes with DKA/HHS.
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Introduction

The clinical presentation and outcomes of patients
with COVID-19 and hyperglycaemic emergency (i.e.
diabetic ketoacidosis [DKA] or hyperglycaemic hyper-
osmolar syndrome [HHS]) have been described [1–3].
Few studies have directly compared patients in DKA
with COVID-19 to those without COVID-19 [4–6] and
none have specifically studied patients at a safety-net
hospital. The objective of this study was to compare
the clinical characteristics, management, and out-
comes of patients with DKA, HHS, or mixed DKA-HHS
and a positive SARS-CoV-2 RT-PCR to negative patients
with DKA/HHS from a low-income, racially and ethnic-
ally diverse catchment area.

Patients and Methods

A cross-sectional study was conducted with patients
admitted to an urban academic medical Centre in
Philadelphia, PA, USA between 1 March and 30 July
2020. Data were collected by computer query and
manual review of electronic health records. Selection
bias was limited by enrolling all eligible patients.
Patients met lab criteria for either DKA (serum bicar-
bonate �18 mEq/L, anion gap >10, ketonaemia or
ketonuria, and arterial pH �7.30), or HHS (blood glu-
cose >33.3mmol/L and osmolality >320 mOsm/kg)
[7]. Mixed DKA-HHS was defined as meeting all criteria
for either DKA or HHS with at least 1 criterion for the
other diagnosis. Diagnoses were adjudicated by an

CONTACT Daniel Rubin daniel.rubin@tuhs.temple.edu Lewis Katz School of Medicine at Temple University, Section of Endocrinology, Diabetes,
and Metabolism, Philadelphia, PA, USA
� 2021 The Author(s). Published by Informa UK Limited, trading as Taylor & Francis Group.
This is an Open Access article distributed under the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0/), which permits
unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

ANNALS OF MEDICINE
2021, VOL. 53, NO. 1, 1642–1645
https://doi.org/10.1080/07853890.2021.1975042

http://crossmark.crossref.org/dialog/?doi=10.1080/07853890.2021.1975042&domain=pdf&date_stamp=2021-09-09
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1080/07853890.2021.1975042
http://www.tandfonline.com


Ta
bl
e
1.

Cl
in
ic
al
an
d
bi
oc
he
m
ic
al

ch
ar
ac
te
ris
tic
s
of

CO
VI
D
(þ

)
an
d
CO

VI
D
(�

)
pa
tie
nt
s
w
ith

hy
pe
rg
ly
ca
em

ic
cr
is
is
.

Va
ria
bl
e

CO
VI
D
Po
si
tiv
e

CO
VI
D
N
eg
at
iv
e

p
Va
lu
ec

Al
lC

as
es

a
Al
la

D
KA

b
H
H
Sb

M
ix
ed

D
KA

/H
H
Sb

Al
la

D
KA

b
H
H
Sb

M
ix
ed

D
KA

/H
H
Sb

N
82

26
20

(7
7%

)
3
(1
2%

)
3
(1
2%

)
56

36
(6
4%

)
10

(1
8%

)
10

(1
8%

)
–

D
em

og
ra
ph

ic
s

Ag
e

52
.7
±
17
.5

58
.0
±
14
.3

57
.0

[5
2.
0–
68
.0
]

69
.0

[..
]

48
.0

[4
6.
5–
67
.5
]

50
.0
±
18
.0

48
.5

[3
3.
0–
60
.0
]

61
.5

[5
2.
0–
71
.5
]

54
.0

[4
3.
0–
63
.8
]

.0
5

M
al
e,
n
(%

)
47

(5
7%

)
12

(4
6%

)
11

(5
5%

)
1
(3
3%

)
0
(0
%
)

35
(6
3%

)
21

(5
8%

)
8
(8
0%

)
6
(6
0%

)
.1
6

H
is
pa
ni
c
et
hn

ic
ity
,n

(%
)

16
(2
1%

)
8
(3
5%

)
7
(3
9%

)
0
(0
%
)

1
(5
0%

)
8
(1
5%

)
7
(1
9%

)
0
(0
%
)

1
(1
3%

)
.0
5

Ra
ce
,n

(%
)

–
–

–
–

–
–

–
–

–
.0
7

W
hi
te

12
(1
5%

)
2
(8
%
)

2
(1
0%

)
0
(0
%
)

0
(0
%
)

10
(1
8%

)
7
(1
9%

)
2
(3
0%

)
0
(0
%
)

–
Bl
ac
k

43
(5
2%

)
11

(4
2%

)
9
(4
5%

)
1
(3
3%

)
1
(3
3%

)
32

(5
7%

)
21

(5
8%

)
5
(5
0%

)
6
(6
0%

)
–

O
th
er
/U
nk
no

w
n

27
(3
3%

)
13

(5
0%

)
9
(4
5%

)
2
(6
7%

)
2
(6
7%

)
14

(2
5%

)
8
(2
2%

)
2
(2
0%

)
4
(4
0%

)
–

D
ia
be

te
s
St
at
us

H
is
to
ry

of
di
ab
et
es
,n

(%
)

56
(6
8%

)
15

(5
8%

)
12

(6
0%

)
2
(6
7%

)
1
(3
3%

)
41

(7
3%

)
27

(7
5%

)
8
(8
0%

)
6
(6
0%

)
.1
6

D
ia
be
te
s
ty
pe
,n

(%
)

–
–

–
–

–
–

–
–

–
<
.0
1

Ty
pe

1
23

(2
8%

)
1
(4
%
)

1
(5
%
)

0
(0
%
)

0
(0
%
)

22
(3
9%

)
14

(3
9%

)
2
(2
0%

)
6
(6
0%

)
–

Ty
pe

2
46

(5
6%

)
19

(7
3%

)
14

(7
0%

)
2
(6
7%

)
3
(1
00
%
)

27
(4
8%

)
15

(4
2%

)
8
(8
0%

)
4
(4
0%

)
–

In
de
te
rm

in
at
e

13
(1
6%

)
6
(2
3%

)
5
(2
5%

)
1
(3
3%

)
0
(0
%
)

7
(1
3%

)
7
(1
9%

)
0
(0
%
)

0
(0
%
)

–
H
em

og
lo
bi
n
A1

C,
m
m
ol
/m

ol
95

±
8

91
±
9

92
[6
5–
11
5]

10
5
[9
0–
12
1]

10
7
[..
]

99
±
3

10
2
[8
9–
11
9]

81
[8
0–
13
0]

10
8
[9
5_
12
1]

.3
1

H
em

og
lo
bi
n
A1

C,
%

10
.8
±
2.
9

10
.5
±
3.
0

10
.6

[8
.1
-1
2.
7]

11
.8

[1
0.
4-
13
.2
]

11
.9

[..
]

11
.2
±
2.
4

11
.5

[1
0.
3-
13
.0
]

9.
6
[9
.5
–1
4.
0]

12
.0

[1
0.
8–
13
.2
]

.3
1

La
bs

on
ad

m
is
si
on

Be
ta
-h
yd
ro
xy
bu

ty
ra
te
,m

m
ol
/L

3.
6
±
2.
4

4.
4
±
3.
6

4.
3
±
[0
.9
–6
.7
]

..
4.
5
[..
]

3.
3
±
1.
8

4.
5
[1
.0
–4
.5
]

1.
0
[0
.5
–2
.1
]

4.
5
[4
.5
–4
.5
]

.3
6

U
rin

e
ke
to
ne
s

–
–

–
–

–
–

–
–

–
.2
8

N
ot

m
ea
su
re
d,

n
(%

)
4
(5
%
)

1
(4
%
)

1
(5
%
)

0
(0
%
)

0
(0
%
)

3
(5
%
)

3
(8
%
)

0
(0
%
)

0
(0
%
)

–
15
,n

(%
)

30
(3
7%

)
8
(3
1%

)
6
(3
0%

)
0
(0
%
)

2
(6
7%

)
22

(3
9%

)
17

(4
7%

)
0
(0
%
)

5
(5
0%

)
–

40
,n

(%
)

16
(2
0%

)
4
(1
5%

)
2
(1
0%

)
2
(6
7%

)
0
(0
%
)

12
(2
1%

)
6
(1
7%

)
6
(6
0%

)
0
(0
%
)

–
>
¼8

0,
n
(%

)
13

(1
6%

)
3
(1
2%

)
3
(1
5%

)
0
(0
%
)

0
(0
%
)

10
(1
8%

)
5
(1
4%

)
3
(3
0%

)
2
(2
0%

)
–

N
eg
at
iv
e
or

tr
ac
e,
n
(%

)
19

(2
3%

)
10

(2
9%

)
8
(4
0%

)
1
(3
3%

)
1
(3
3%

)
9
(1
6%

)
5
(1
4%

)
1
(1
0%

)
3
(3
0%

)
–

O
sm

ol
al
ity
,m

O
sm

/k
g

31
2
±
27

30
7
±
31

29
2
[2
86
–3
08
]

35
3
[3
41
–3
68
]

32
1
[3
21
–3
39
]

31
6
±
27

29
9
[2
91
–3
09
]

33
9
[3
26
–3
47
]

33
2
[2
24
–3
57
]

.1
8

Cr
ea
tin

in
e,
mm

ol
/L

30
1
±
50
7

23
4
±
29
2

13
8
[8
7–
22
5]

16
8
[1
21
-2
02
]

15
7
[1
36
–1
69
]

28
8
±
42
1

13
5
[4
7–
22
7]

20
2
[1
64
–3
08
]

20
9
[1
40
–2
87
]

.5
6

eG
FR
,m

L/
m
in
/1
.7
3
m

2
38
.2
±
17
.8

39
.2
±
18
.4

42
.5

[2
3.
8–
60
.0
]

33
.0

[3
1.
0–
46
.5
]

38
.0

[3
0.
5–
41
.0
]

36
.9
±
18
.3

44
.0

[2
8.
5–
60
.0
]

32
.0

[2
0.
8–
45
.0
]

28
.0

[2
0.
5–
36
.0
]

.6
0

G
lu
co
se
,m

m
ol
/L

29
±
16

29
±
18

21
[1
5–
32
]

45
[4
3–
53
]

49
[4
5–
50
]

36
±
21

26
[1
8–
33
]

51
[4
2–
62
]

54
[4
0–
64
]

.1
8

An
io
n
ga
p

20
.2
±
5.
1

18
.7
±
5.
7

18
.5

[1
5.
5–
22
.0
]

10
.0

[1
0.
0–
15
.5
]

20
.0

[1
8.
5–
22
.5
]

22
.7
±
6.
9

24
.0

[1
9.
8–
27
.0
]

15
.5

[1
2.
5–
19
.8
]

30
.0

[2
3.
5–
30
.0
]

.0
1

pH
7.
20

±
0.
14

7.
25

±
0.
10

7.
24

[7
.2
0–
7.
30
]

7.
37

[7
.3
1–
7.
40
]

7.
26

[7
.2
6–
7.
29
]

7.
16

±
0.
16

7.
14

[7
.0
6–
7.
27
]

7.
29

[7
.1
8–
7.
32
]

7.
23

[7
.1
1–
7.
26
]

<
.0
1

Bi
ca
rb
on

at
e,
m
m
ol
/L

13
.0
±
5.
0

15
.0
±
5.
0

16
.0

[1
3.
0–
17
.0
]

26
.0

[2
3.
0–
26
.0
]

15
.0

[1
4.
0–
15
.0
]

13
.0
±
7.
0

12
.5

[7
.0
–1
5.
0]

23
.0

[1
7.
5–
24
.8
]

8.
5
[6
.0
–1
2.
8]

.0
7

So
di
um

,m
m
ol
/L

13
3
±
8

13
3
±
8

13
3
[1
28
–1
36
]

14
7
[1
39
–1
50
]

13
1
[1
31
–1
38
]

13
1
±
8

12
9
[1
27
–1
32
]

13
2
[1
28
–1
35
]

13
3
[1
26
–1
41
]

.2
6

Po
ta
ss
iu
m
,m

m
ol
/L

4.
9
±
1.
1

4.
8
±
1.
0

4.
6
[3
.9
–4
.9
]

5.
9
[5
.1
–6
.4
]

5.
2
[4
.7
–5
.5
]

4.
9
±
1.
3

4.
4
[4
.0
–5
.3
]

5.
2
[5
.1
–5
.5
]

5.
1
[4
.4
–5
.6
]

0.
52

Cl
in
ic
al

Tr
ea
tm

en
t

In
su
lin

gi
ve
n,

da
y
1,

un
its

79
±
55

86
±
62

86
[6
–1
48
]

13
3
[1
19
–1
52
]

11
9
[1
06
–1
24
]

76
±
51

58
[1
6–
10
1]

80
[6
5–
94
]

13
5
[6
6–
14
9]

.4
7

In
su
lin

gi
ve
n,

da
y
1,

un
its
/k
g

1.
0
±
0.
7

1.
0
±
0.
8

1.
1
[0
.1
–1
.5
]

1.
2
[1
.1
–1
.6
]

65
.8

[6
2.
4–
78
.3
]

1.
0
±
0.
7

0.
8
[0
.3
–1
.1
]

1.
0
[0
.9
–1
.3
]

1.
8
[1
.1
–2
.0
]

.8
5

Pr
im
ar
y
in
su
lin

ro
ut
e,
n
(%

)
–

–
–

–
–

–
–

–
–

.7
5

IV
60

(7
4%

)
18

(6
9%

)
14

(7
0%

)
2
(6
7%

)
2
(6
7%

)
42

(7
6%

)
27

(7
7%

)
7
(7
0%

)
8
(8
0%

)
–

SQ
14

(1
7%

)
5
(1
9%

)
4
(2
0%

)
1
(3
3%

)
0
(0
%
)

9
(1
6%

)
6
(1
7%

)
2
(2
0%

)
1
(1
0%

)
–

no
t
gi
ve
n
in
su
lin

7
(9
%
)

3
(1
2%

)
2
(1
0%

)
0
(0
%
)

1
(3
3%

)
4
(7
%
)

2
(6
%
)

1
(1
0%

)
1
(1
0%

)
–

Fl
ui
ds

gi
ve
n,

da
y
1,

L
3.
7
±
2.
5

2.
8
±
1.
9

3.
0
[1
.4
–4
.3
]

2.
9
[2
.5
–3
.5
]

1.
3
[1
.3
–1
.4
]

4.
2
±
2.
4

4.
0
[2
.7
–5
.1
]

3.
6
[2
.8
–5
.0
]

1.
5
[1
.1
–2
.5
]

.0
1

Ti
m
e
to

re
so
lu
tio

n
of

D
KA

/H
H
S,
h

32
.9
±
32
.7

52
.3
±
64
.8

31
.2

[9
.6
–6
2.
4]

52
.8

[4
6.
8–
69
.6
]

57
.6

[2
4.
8–
69
.6
]

28
.8
±
27
.5

16
.8

[9
.0
–2
6.
4]

19
.5

[1
2.
9–
27
.6
]

33
.6

[1
5.
5–
56
.3
]

.0
9

G
lu
co
co
rt
ic
oi
d
us
e,

n
(%

)
29

(8
9%

)
23

(7
9%

)
19

(9
5%

)
2
(6
7%

)
2
(6
7%

)
6
(1
1%

)
4
(1
1%

)
1
(1
0%

)
1
(1
0%

)
<
.0
1

H
yp
og

ly
ca
em

ia
du

rin
g
tr
ea
tm

en
t,
n
(%

)

(c
on
tin
ue
d)

ANNALS OF MEDICINE 1643



endocrinologist. Continuous variables were compared
between COVID-19 positive patients [at least one posi-
tive SARS-CoV-2 RT-PCR, COVID (þ)] and negative
patients [all negative SARS-CoV-2 RT-PCR or not
tested, COVID (�)] with t-tests and categorical varia-
bles were compared with chi-square. For DKA/HHS
subgroup comparisons across COVID-19 status,
ANOVA, chi-square, or Fisher Exact tests were used.
The Temple University Institutional Review Board
approved the study (number 27246). The requirement
for informed consent was waived because this was a
study of pre-existing retrospective data.

Results

A total of 82 participants were eligible and stratified
by COVID-19 status and type of hyperglycaemic crisis
(26 COVID (þ) and 56 COVID (�), Table 1). A majority
of the patients were either Black or Hispanic. The dis-
tribution of hyperglycaemic emergency type was not
significantly different between COVID (þ) and COVID
(�) groups. Compared with COVID (�) patients, COVID
(þ) patients were older (mean age 58.0 ± 14.3 vs
50.0 ± 18.0 years, p¼ .05), identified more as Hispanic
(35% vs 15%, p< .05) and were more likely to have
type 2 diabetes (T2D, 73% vs 48%, p< .01). Among
those with DKA, T2D was more common in COVID (þ)
than in COVID (�) patients, whereas T1D was more
common in COVID (-) patients (p¼ .02). Additionally,
COVID (þ) DKA patients had less severe ketoacidosis
with a higher pH (p¼ .03) and bicarbonate (p< .01)
and lower anion gap (p< .01) than COVID (�) patients.
Overall, COVID (þ) patients had a higher mean pH
(7.25 ± 0.10 vs 7.16 ± 0.16, p< .01) and lower anion
gap (18.7 ± 5.7 vs 22.7 ± 6.9, p¼ .01) than COVID(�)
patients. COVID (þ) patients were given less intraven-
ous fluids in the first 24 h after admission (2.8 ± 1.9 vs
4.2 ± 2.4 L, p¼ .01) and were more likely to receive glu-
cocorticoids (95% vs. 11%, p< .01). COVID (þ) patients
may have taken longer to resolve their hyperglycaemic
crisis (53.3 ± 64.8 vs 28.8 ± 27.5 h, p¼ .09) and may
have experienced more hypoglycaemia <3.9mmol/L
(35% vs 19%, p¼ .09). COVID (þ) patients had a higher
length of hospital stay (LOS, 14.8 ± 14.9 vs
6.5 ± 6.0 days, p¼ .01) and in-hospital mortality (27%
vs 7%, p¼ .02).

Discussion

Compared with COVID (�) patients, COVID (þ)
patients with DKA/HHS are more likely to have T2D.
Despite less severe metabolic acidosis, COVID (þ)Ta
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patients may require more time to resolve the hyper-
glycaemic crisis and experience more hypoglycaemia
while requiring longer hospital stays and suffering a
greater risk of mortality. Whether or not the difference
in clinical management in terms of intravenous fluids
and glucocorticoids is associated with outcomes
remains unclear.

While other studies have described the association
of COVID-19 with T2D, higher LOS, and greater mortal-
ity among DKA patients,[4–6] metabolic differences
from COVID (-) patients have not been found consist-
ently. We are unaware of other studies comparing
COVID (þ) and COVID (�) patients on such an exten-
sive list of variables across types of hyperglycaemic
emergencies. Furthermore, this study uniquely
focussed on racially and ethnically diverse patients at
a safety-net hospital. These findings may not be gen-
eralizable to other populations, and the study is lim-
ited by a modest sample size drawn from a single
center. Larger studies are needed to examine whether
differences in management between COVID (þ) and
COVID (�) patients affect outcomes with DKA/HHS.
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