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Abstract

Background: Diabetes is a risk factor for poor COVID-19 outcomes, but pediatric patients with 

type 1 diabetes are poorly represented in current studies.

Methods: T1D Exchange coordinated a US type 1 diabetes COVID-19 registry. Forty-six 

diabetes centers submitted pediatric cases for patients with laboratory confirmed COVID-19. 

Associations between clinical factors and hospitalization were tested with Fisher’s Exact Test. 

Logistic regression was used to calculate odds ratios for hospitalization.

Results: Data from 266 patients with previously established type 1 diabetes aged <19 years with 

COVID-19 were reported. Diabetic ketoacidosis (DKA) was the most common adverse outcome 

(n = 44, 72% of hospitalized patients). There were four hospitalizations for severe hypoglycemia, 

three hospitalizations requiring respiratory support (one of whom was intubated and mechanically 

ventilated), one case of multisystem inflammatory syndrome in children, and 10 patients who were 

hospitalized for reasons unrelated to COVID-19 or diabetes. Hospitalized patients (n = 61) were 

more likely than nonhospitalized patients (n = 205) to have minority race/ethnicity (67% vs 39%, 

P < 0.001), public insurance (64% vs 41%, P < 0.001), higher A1c (11% [97 mmol/mol] vs 8.2% 

[66 mmol/mol], P < 0.001), and lower insulin pump and lower continuous glucose monitoring use 

(26% vs 54%, P < 0.001; 39% vs 75%, P < 0.001). Age and gender were not associated with risk 

of hospitalization. Higher A1c was significantly associated with hospitalization, with an odds ratio 

of 1.56 (1.34–1.84) after adjusting for age, gender, insurance, and race/ethnicity.

Conclusions: Higher A1c remained the only predictor for hospitalization with COVID-19. 

Diabetic ketoacidosis is the primary concern among this group.
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1 | INTRODUCTION

In people with coronavirus disease 2019 (COVID-19), adults with type 2 diabetes mellitus 

are at increased risk for severe illness and increased mortality.1–5 However, there are fewer 

reports from populations of people with type 1 diabetes, and very little is known about these 

risks among children with type 1 diabetes.6–10 Severe illness and death from COVID-19 

appear to be very rare among people with type 1 diabetes under age 55.

Adults with type 1 diabetes are more likely than those without diabetes to have infections 

of the urinary tract, skin and mucous membranes, and lower respiratory tract, as well as 

serious bacterial infections requiring hospitalization.11,12 However, children and adolescents 

with type 1 diabetes whose A1c is in target range do not appear to have increased risk for 

contracting viral infections.13 Healthy children are susceptible to COVID-19, but usually 

have a milder course than adults.14–16 Several underlying conditions are associated with 

poorer outcomes in children with COVID-19, but little evidence suggests diabetes as a 

unique risk factor for COVID-19 severity or mortality in this population.
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Infectious diseases in people with type 1 diabetes often trigger diabetic ketoacidosis (DKA), 

and COVID-19 may therefore lead to poorer outcomes in children and adolescents with 

type 1 diabetes than in their peers without diabetes. Higher A1c and minority race and 

ethnicity are independently associated with increased rates of DKA in pediatric patients with 

type 1 diabetes, indicating that these subgroups may be particularly vulnerable during the 

current pandemic.17,18 Moreover, the relatively high rates of COVID-19 in racial and ethnic 

minority communities may further increase their risk of poor outcomes.19

To improve understanding of the impact of COVID-19 on people with type 1 diabetes, 

the T1D Exchange Quality Improvement Collaborative, comprising 30 pediatric and adult 

clinical sites in the United States, partnered with additional endocrinology clinics in the 

United States to form a registry to collect data on the symptoms and outcomes of people 

with type 1 diabetes and COVID-19 across the lifespan. In this report, we describe 

characteristics of and outcomes of COVID-19 in children and adolescents with type 1 

diabetes and whether higher A1c, minority race/ethnicity, older age, and male gender 

increase the risk of severe disease.

2 | METHODS

In April 2020, T1D Exchange invited 81 pediatric and adult diabetes centers from the T1D 

Exchange Quality Improvement Collaborative,20 the T1D Exchange Clinic Registry,21 and 

throughout the US to join a COVID-19 clinical registry for patients with type 1 diabetes. 

Fifty-six diabetes centers submitted cases, 52 of whom submitted cases for at least one 

patient <19 years of age. Investigators were asked to identify all known COVID-19 cases 

among their clinic population occurring on or after 1 March 2020. Using online survey 

software (Qualtrics. com), diabetes centers submitted de-identified data for patients who 

have type 1 diabetes and had tested positive for SARS-CoV-2 infection. Patients with newly 

diagnosed type 1 diabetes were excluded from this analysis and reported separately.22

The 33-question survey captures patient demographics, duration of type 1 diabetes, 

presenting symptoms, diabetes management and device use, comorbidities, relevant 

behaviors, highest level of care, duration of COVID-19 symptoms, and clinical outcomes in 

patients with positive SARS-CoV-2 PCR tests. Data presented here were collected between 

9 April 2020 and 15 January 2021. The registry remains open.

Data fields were coded and categorized. Insurance types were classified as public, private, 

uninsured, or unknown. Patients who were hospitalized on inpatient floors or admitted to 

intensive care were grouped as hospitalized.

Quantitative data were represented as mean (SD) or median [interquartile range]. 

Categorical data were represented as the percentage of patients. Summary statistics, 

including frequency and percentage for categorical variables, were calculated for all patient-

related and clinical characteristics.

We used the Fisher’s exact test to assess associations between hospitalization and 

demographics, A1c, diabetes duration, symptoms, and adverse outcomes. Univariate and 

multivariate logistic regression were used to calculate odds ratios (OR) for hospitalization 
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associated with A1c, age, insurance, continuous glucose monitor (CGM) use, and duration 

of diabetes. All tests were two-sided with type 1 error set at 5%. Fisher’s exact test and 

logistic regression were performed using statistical software R version 3.6.2 (R: A Language 

and Environment for Statistical Computing, R Core Team, R Foundation for Statistical 

computing, Vienna, Austria, 2020, https://www.R-project.org).

This non-interventional, cross-sectional study was sponsored and coordinated by T1D 

Exchange. T1D Exchange did not collect data belonging to any of the 18 categories 

defined as protected health information.23 This study was performed in accordance with 

the ethical standards laid down by the Declaration of Helsinki. It was reviewed and approved 

as non-human subjects’ research by the Western Institutional Review Board (Approval #1–

1290115-1), and therefore consent or waiver of consent was not required. All participating 

centers also obtained local institutional review board approvals as appropriate.

3 | RESULTS

There were 266 patients <19 years of age with type 1 diabetes who had confirmed 

COVID-19 reported to the registry. Patient characteristics and a comparison of those who 

were hospitalized to those who were not are shown in Table 1. Race/ethnicity was different 

between the groups (P < 0.001), with fewer non-Hispanic White (33% vs 61%) and more 

non-Hispanic Black (34% vs 13%) patients among those hospitalized. Hospitalized patients 

were more likely than non-hospitalized patients to have public insurance (64% vs 41%, P < 

0.001), higher A1c (11% [97 mmol/mol] vs 8.2% [66 mmol/mol], P < 0.001), lower insulin 

pump use (26% vs 54%, P < 0.001), and lower continuous glucose monitor use (39% vs 

75%, P < 0.001). Age, gender, and diabetes duration were similar between patients who 

were hospitalized compared to those who were not.

Hyperglycemia, shortness of breath, nausea, and vomiting were more common among 

hospitalized children compared to those who were not hospitalized (Table 1). The 

frequencies of other symptoms did not differ between these two groups. The most common 

adverse outcome was DKA, which occurred in 72% of hospitalized patients and 16.5% of all 

patients. Most recent HbA1c was >9% (>65 mmol/mol; median 11%, 97 mmol/mol) in 38 of 

the 44 patients (86%) with DKA. Four patients were hospitalized with severe hypoglycemia, 

and three received respiratory support, two of whom received oxygen by nasal cannula and 

one who underwent intubation with mechanical ventilation. There were no deaths.

The patient who underwent intubation and ventilation was a 15 year-old, non-Hispanic 

White male with most recent A1c of 8.9% (74 mmol/mol). He presented to the emergency 

department with tachypnea. An echocardiogram showed moderate to severely depressed 

function. He progressed to severe hypoxic respiratory failure, cardiogenic shock, and wide 

complex arrhythmia requiring intubation and extracorporeal membrane oxygenation, which 

was weaned after 6 days. As he continued to improve, he was transferred to a rehabilitation 

facility and has recovered sufficiently to be discharged home.

One patient was diagnosed with the COVID-19 associated multi-system inflammatory 

syndrome of childhood (MIS-C).24 This 13 year-old non-Hispanic White male with a recent 
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A1c of 11.1% (98 mmol/mol), presented to the emergency department with fever, nausea, 

vomiting, abdominal pain, and difficulty breathing. He was admitted to the intensive care 

unit and received oxygen via nasal cannula. He also recovered and was discharged home.

Ten of the 61 hospitalized patients were diagnosed with COVID-19 during admissions that 

were unrelated to COVID-19 or type 1 diabetes. These included admissions for such reasons 

as scheduled urologic procedures, salmonella enteritis, and suicidal ideation.

Table 2 shows the logistic regression analysis for hospitalization. In the multivariable model, 

the odds of hospitalization significantly increased with higher A1c, but not with age, gender, 

insurance, or race and ethnicity.

4 | DISCUSSION

This national cohort is the first report of the outcomes of pediatric patients with type 

1 diabetes and COVID-19 from the United States, representing 266 known cases from 

46 diabetes centers across the US, a country with a disproportionately high number of 

COVID-19 cases per capita compared with other high-income nations. This novel registry 

was developed quickly within existing T1D Exchange infrastructure and incorporated 

participation from new partners.

Diabetic ketoacidosis was the most common adverse outcome, accounting for 72% of 

patients with type 1 diabetes and concurrent COVID-19.

Thirty-eight of the 44 patients (86%) who were hospitalized with DKA had an A1c level 

greater than 9% (75 mmol/mol). This underscores the strong association between elevated 

A1c and DKA, which is consistent with studies before the pandemic showing a strong 

positive correlation between progressively higher A1c levels and a steep increase in the 

frequency of DKA.17,18 Over 30% of children with type 1 diabetes in the United States 

have A1c levels above 9%,17 which may make the COVID-19 pandemic particularly 

dangerous for this sub-population. This is an especially important time for healthcare teams 

to emphasize diabetes self-management and sick day practices and for them to target high 

risk children and families for additional support to improve glycemic outcomes and reduce 

the risk of DKA.

Hyperglycemia, reported in a third of cases, can increase the risk for hypercoagulability. 

Acknowledging the link between COVID-19 and hypercoagulability,25 it is vital for 

clinicians caring for children with type 1 diabetes and apparent COVID-19 to combat 

osmotic diuresis through oral hydration, to minimize glycemic excursions, and to have a low 

threshold for increasing acuity of care. The symptoms reported among hospitalized patients 

were consistent with the high rate of DKA among that group.

There were more than twice as many Non-Hispanic Black patients who were hospitalized 

vs not hospitalized. This is consistent with our earlier report which includes adults.26 

This finding is also consistent with other studies showing that COVID-19 has been more 

common and more severe among racial/ethnic minority populations.27,28 Further, racial/

ethnic minority patients with type 1 diabetes have been reported to have higher A1c 
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levels,18,29 which was a risk factor for hospitalization in our population. Racial and ethnic 

minority youth with type 1 diabetes are clearly at higher risk than their Non-Hispanic 

White counterparts for severe outcomes with COVID-19. These findings underscore the 

need for novel clinical approaches to help patients improve baseline glycemic management, 

especially for patients who identify as a member of a minority group.

Children who were hospitalized were also more likely to have public insurance and less 

likely to use insulin pumps and continuous glucose monitors, though these variables did 

not predict hospitalization in the regression models. Large registry studies show improved 

metabolic control and lower frequency of DKA in pediatric patients with type 1 diabetes 

who use CGM.30 Among our patients with COVID-19, only 65 of 123 (53%) of those with 

public insurance were using CGM, compared to 113 of 138 (82%) of those with private 

insurance. This is also consistent with registry studies that show that racial/ethnic minority 

patients use CGM at about half the rate that non-minority patients do, highlighting the need 

to improve access for this important technology, including universal coverage of CGM by 

state insurance programs.31

Strengths of this study include the geographic distribution of a diverse group of children 

with type 1 diabetes and participation from a large number of diabetes centers. To our 

knowledge, it is the largest report of pediatric patients with type 1 diabetes and confirmed 

COVID-19. We also demonstrate how an existing network can quickly be leveraged to 

provide insight about new problems. Even as the pandemic evolved and data collection 

continued, this quality improvement network has kept contributing centers informed through 

serial videoconference meetings.

Our study has several limitations. It is cross-sectional study and cannot demonstrate 

causality. We did not collect information on the timing of the COVID-19 presentation 

and confirmation of SARS-CoV-2. Importantly, case ascertainment relies on several factors. 

Testing availability was poor in the US before summer, and many cases may have gone 

undiscovered. Although investigators actively sought out COVID-19 cases in their local 

patient populations, we acknowledge that not all SARS-CoV-2 infections were discovered: 

around 20% of patients may be asymptomatic,32 those with mild or no symptoms may 

not have been tested, and case reporting depended on the diabetes providers receiving 

notification of a positive test. Therefore, this report overestimates the proportion of all 

COVID-19 cases in children with type 1 diabetes who were hospitalized. Nonetheless, 

comparison of the hospitalized to the non-hospitalized known COVID-19 cases reveals DKA 

as the most common poor outcome and elevated A1c as the clearest risk factor. Severe 

outcomes were relatively rare and very unlikely to have gone unreported.

We did not collect diabetes antibody data, so it is possible that some patients had other forms 

of diabetes. We also did not collect the background demographics from each clinic, so the 

racial/ethnic proportions may not be generalizable. In addition to the data presented, we 

also attempted to collect smoking status and whether the patient had received an influenza 

vaccine, but these were reported as unknown in nearly half of patients. Improved capture of 

these items in medical records could improve clinical care and registry insights.
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5 | CONCLUSIONS

As early reports identified diabetes as a risk factor for increased morbidity and mortality 

with COVID-19, the findings from this surveillance study should provide measured 

reassurance for families of children with type 1 diabetes as well as pediatric endocrinologists 

and their care teams. Most children with type 1 diabetes and COVID-19 were cared for at 

home without adverse outcomes, less than 2% needed respiratory support, and there were no 

deaths reported. Hospitalization in children with type 1 diabetes and COVID-19 was usually 

in the setting of DKA. The major risk factor remained the same in our population as has 

been demonstrated in registry studies before the pandemic: elevated A1c levels.

Our data reveal a disproportionate rate of hospitalization and DKA among racial and ethnic 

minority groups, children who were publicly insured, and those with higher A1c. It is 

essential to find pathways for the most vulnerable patients to have adequate, equitable access 

to medical care via in person and telehealth services, to obtain and successfully use diabetes 

technology, and to optimize sick day management. Quality improvement networks are viable 

platforms for generating this type of knowledge.
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Highlights

Outcomes for children with type 1 diabetes who experience COVID-19 are currently 

unknown. We report 266 cases from US diabetes clinics of children with type 1 diabetes 

who had COVID-19. Diabetic ketoacidosis was the major adverse outcome, and it was 

associated with higher A1c.

Alonso et al. Page 10

J Diabetes. Author manuscript; available in PMC 2023 August 14.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Alonso et al. Page 11

TA
B

L
E

 1

C
ha

ra
ct

er
is

tic
s 

of
 h

os
pi

ta
liz

ed
 v

s 
no

n-
ho

sp
ita

liz
ed

 a
m

on
g 

pa
tie

nt
s 

w
ith

 la
bo

ra
to

ry
 c

on
fi

rm
ed

 C
O

V
ID

-1
9 

w
ith

 p
re

vi
ou

sl
y 

es
ta

bl
is

he
d 

ty
pe

 1
 d

ia
be

te
s

H
os

pi
ta

liz
ed

 N
 =

 6
1

N
on

-H
os

pi
ta

liz
ed

 N
 =

 2
05

P
 v

al
ue

A
ge

0.
91

 
0 

to
 5

3 
(5

)
7 

(3
)

 
6 

to
 1

0
6 

(1
0)

19
 (

9)

 
11

 to
 1

5
29

 (
48

)
97

 (
47

)

 
16

 to
 1

8
23

 (
38

)
82

 (
40

)

Fe
m

al
e

33
 (

54
)

10
0 

(4
9)

0.
55

R
ac

e/
E

th
ni

ci
ty

<
0.

00
1

 
N

on
-H

is
pa

ni
c 

W
hi

te
20

 (
33

)
12

6 
(6

1)

 
N

on
-H

is
pa

ni
c 

B
la

ck
21

 (
34

)
26

 (
13

)

 
H

is
pa

ni
c

17
 (

28
)

46
 (

22
)

 
O

th
er

3 
(5

)
7 

(3
)

In
su

ra
nc

e 
Ty

pe
<

0.
00

1

 
Pu

bl
ic

39
 (

64
)

84
 (

41
)

 
Pr

iv
at

e
19

 (
31

)
11

9 
(5

8)

U
ni

ns
ur

ed
3 

(5
)

2 
(1

)

A
1c

 %
11

 [
3.

6]
8.

2 
[2

.3
]

<
0.

00
1

A
1c

 m
m

ol
/m

ol
97

 [
16

]
66

 [
1.

6]
<

0.
00

1

L
as

t A
1c

 G
ro

up
<

0.
00

1

 
<

7%
 (

<
53

 m
m

ol
/m

ol
)

0 
(0

)
35

 (
17

)

 
7%

−
9%

 (
53

–6
5 

m
m

ol
/m

ol
)

11
 (

18
)

10
6 

(5
2)

 
>

9%
 (

>
65

 m
m

ol
/m

ol
)

50
 (

82
)

64
 (

31
)

D
ur

at
io

n 
of

 T
1D

1

 
L

es
s 

th
an

 1
 y

ea
r

7 
(1

1)
23

 (
11

)

 
1–

5 
ye

ar
s

32
 (

52
)

10
7 

(5
2)

 
M

or
e 

th
an

 5
 y

ea
rs

22
 (

36
)

75
 (

37
)

In
su

lin
 P

um
p 

U
se

16
 (

26
)

11
0 

(5
4)

<
0.

00
1

C
G

M
 U

se
24

 (
39

)
15

3 
(7

5)
<

0.
00

1

M
os

t p
re

va
le

nt
 s

ym
pt

om
s

J Diabetes. Author manuscript; available in PMC 2023 August 14.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Alonso et al. Page 12

H
os

pi
ta

liz
ed

 N
 =

 6
1

N
on

-H
os

pi
ta

liz
ed

 N
 =

 2
05

P
 v

al
ue

 
H

ig
h 

B
lo

od
 S

ug
ar

29
 (

48
)

58
 (

28
)

0.
00

7

 
E

le
va

te
d 

Te
m

pe
ra

tu
re

17
 (

28
)

61
 (

30
)

0.
87

 
D

ry
 C

ou
gh

16
 (

26
)

46
 (

22
)

0.
6

 
N

au
se

a
20

 (
33

)
12

 (
6)

<
0.

00
1

 
E

xc
es

s 
Fa

tig
ue

12
 (

20
)

30
 (

15
)

0.
42

 
B

od
y 

ac
he

s/
H

ea
da

ch
es

14
 (

23
)

58
 (

28
)

0.
51

 
V

om
iti

ng
30

 (
49

)
6 

(3
)

<
0.

00
1

 
Sh

or
tn

es
s 

of
 b

re
at

h
10

 (
16

)
10

 (
5)

0.
00

5

A
dv

er
se

 A
cu

te
 T

1D
 O

ut
co

m
e

<
0.

00
1

 
D

ea
th

0 
(0

)
0 

(0
)

 
D

K
A

44
 (

72
)

0 
(0

)

 
Se

ve
re

 H
yp

og
ly

ce
m

ia
4 

(7
)

0 
(0

)

 
R

es
pi

ra
to

ry
 s

up
po

rt
a

3 
(5

)
0 

(0
)

 
N

on
eb

10
 (

16
)

20
5 

(1
00

)

N
ot

e:
 N

 (
%

) 
or

 m
ed

ia
n 

[I
Q

R
].

A
bb

re
vi

at
io

ns
: C

G
M

, c
on

tin
uo

us
 g

lu
co

se
 m

on
ito

ri
ng

; D
K

A
, d

ia
be

tic
 k

et
oa

ci
do

si
s;

 I
Q

R
, i

nt
er

qu
ar

til
e 

ra
ng

e;
 T

1D
, t

yp
e 

1 
di

ab
et

es
. O

th
er

 R
ac

e 
in

cl
ud

e 
3 

A
si

an
s,

 2
 p

eo
pl

e 
w

ith
 m

or
e 

th
an

 o
ne

 r
ac

e.

a Tw
o 

pa
tie

nt
s 

w
er

e 
m

an
ag

ed
 w

ith
 n

as
al

 c
an

nu
la

 f
or

 r
es

pi
ra

to
ry

 s
up

po
rt

 w
hi

le
 o

ne
 o

f 
th

e 
pa

tie
nt

s 
w

as
 m

ec
ha

ni
ca

lly
 in

tu
ba

te
d.

b T
he

 1
0 

ho
sp

ita
liz

ed
 p

at
ie

nt
s 

w
ith

 n
o 

ad
ve

rs
e 

ac
ut

e 
T

1D
 o

ut
co

m
e 

w
er

e 
ho

sp
ita

liz
ed

 f
or

 o
th

er
 n

on
-C

O
V

ID
19

 o
r 

di
ab

et
es

 r
ea

so
ns

 f
or

 e
xa

m
pl

e 
pr

es
ch

ed
ul

ed
 u

ro
lo

gi
c 

pr
oc

ed
ur

es
, s

al
m

on
el

la
 e

nt
er

iti
s,

 s
ui

ci
da

l 
id

ea
tio

n 
et

c.

J Diabetes. Author manuscript; available in PMC 2023 August 14.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Alonso et al. Page 13

TABLE 2

Logistic regression for hospitalization among patients with confirmed COVID-19 and previously established 

type 1 diabetes

n = 266 Unadjusted Adjusted

A1c 1.60 (1.39, 1.85) * 1.56 (1.34, 1.84) *

Age  — 0.98 (0.89, 1.08)

Female gender  — 0.88, (0.44, 1.74)

Public insurance  — 1.11 (0.48, 2.54)

Minority Race/ethnicity  — 1.34 (0.61, 2.95)

Note: Fully adjusted for age (as a continuous variable), gender (male vs female), A1c (as a continuous variable), race (minority vs non-minority), 
insurance type (public vs private)

*
P < 0.001.
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