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ABSTRACT
Objective  To identify the demographic and clinical 
characteristics associated with adverse COVID-19 
outcomes across a 12-month period in 2020 and 2021.
Research design and methods  We conducted a 
retrospective cohort study using electronic health records 
from five academic health systems in Pennsylvania 
and Maryland, including patients with COVID-19 with 
type 2 diabetes or at risk of type 2 diabetes. Patients 
were classified based on 30-day outcomes: (1) no 
hospitalization; (2) hospitalization only; or (3) a composite 
measure including admission to the intensive care unit 
(ICU), intubation, or death. Analyses were conducted in 
patients with type 2 diabetes and patients at risk of type 2 
diabetes separately.
Results  We included 15 725 patients with COVID-19 
diagnoses between March 2020 and February 2021. 
Older age and higher Charlson Comorbidity Index scores 
were associated with higher odds of adverse outcomes, 
while COVID-19 diagnoses later in the study period were 
associated with lower odds of severe outcomes. In patients 
with type 2 diabetes, individuals on insulin treatment had 
higher odds for ICU/intubation/death (OR=1.59, 95% CI 
1.27 to 1.99), whereas those on metformin had lower 
odds (OR=0.56, 95% CI 0.45 to 0.71). Compared with 
non-Hispanic White patients, Hispanic patients had higher 
odds of hospitalization in patients with type 2 diabetes 
(OR=1.73, 95% CI 1.36 to 2.19) or at risk of type 2 
diabetes (OR=1.77, 95% CI 1.43 to 2.18.)
Conclusions  Adults who were older, in racial minority 
groups, had multiple chronic conditions or were on insulin 
treatment had higher risks for severe COVID-19 outcomes. 
This study reinforced the urgency of preventing COVID-19 
and its complications in vulnerable populations.
Trial registration number  NCT02788903.

INTRODUCTION
Systematic reviews and meta-analyses have 
reported a twofold to threefold increased risk 
of mortality due to COVID-19 for individuals 
with type 1 or type 2 diabetes in comparison 
to individuals without diabetes.1 Increased 
susceptibility in patients with diabetes may 
result from an impaired immune response to 

SARS-CoV-2 pathogens, particularly in a high 
glucose environment.2 3 In addition, pheno-
types related to more severe forms of diabetes, 
such as uncontrolled blood glucose, a higher 
body mass index (BMI), and additional 
chronic conditions, are linked to admission 
to an intensive care unit (ICU), intubation, or 
early death in patients positive for COVID-19.4 
However, most studies that included patients 
with diabetes were conducted primarily in 
COVID-19 hotspots,5 6 based on a single 
health system,7 or limited to the early period 
of the COVID-19 pandemic.5–9 Moreover, 

WHAT IS ALREADY KNOWN ON THIS TOPIC
	⇒ Certain individuals, including those with diabetes, 
have an increased risk for COVID-19-related hospi-
talization and mortality.

WHAT THIS STUDY ADDS
	⇒ This study included both ambulatory and inpatient 
populations in five health systems in Pennsylvania 
and Maryland.

	⇒ In patients with type 2 diabetes, individuals on in-
sulin treatment had higher odds for intensive care 
unit/intubation/death, whereas those on metformin 
had lower odds. Patients on metformin, glucagon-
like peptide-1 receptor agonists, or dipeptidyl pepti-
dase-4 inhibitors had lower odds for hospitalization.

	⇒ Non-Hispanic Black and Hispanic patients who were 
at risk of diabetes had 54%–77% increased odds of 
hospitalization than White patients, and the associa-
tions were consistent across age, sex, and COVID-19 
diagnosis periods.

	⇒ COVID-19 diagnoses later in the study period were 
associated with lower odds of severe outcomes.

HOW THIS STUDY MIGHT AFFECT RESEARCH, 
PRACTICE AND/OR POLICY

	⇒ This study reinforced the urgency of prevent-
ing COVID-19 and its complications in vulnerable 
populations.
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several studies in individuals with diabetes only included 
patients who were admitted to the hospital, which may 
result in biased conclusions.7–9 As diabetes itself or the 
severity of COVID-19 disease could prompt admission to 
the hospital, the associations observed between the risk 
factors and outcomes in the inpatient setting might be 
spurious without a non-hospitalized comparison group.10

The objective of this study was to identify demo-
graphic and clinical characteristics associated with 
COVID-19 hospitalization and mortality in the PaTH 
to Health: Diabetes study, including hospitalized and 
non-hospitalized patients, conducted in Pennsylvania 
and Maryland. Since minority populations, particularly 
Hispanics, have grown significantly in these two states in 
the past decade, we devoted additional attention to racial 
disparities in COVID-19 outcomes.

METHODS
Study population
This retrospective study included adult patients with type 
2 diabetes or at risk of type 2 diabetes using the PaTH 
Toward a Learning Health System (PaTH) clinical data 
research network. PaTH is one of eight clinical data 
research networks that comprise PCORnet, a national 
network for patient-centered outcomes research funded 
by the Patient-Centered Outcomes Research Institute. 
For this analysis, we included PaTH electronic health 
record (EHR) data from five academic health systems 
in Pennsylvania and Maryland: Penn State Health 
Milton S Hershey Medical Center, UPMC, Geisinger 
Health System, Temple Health System, and the Johns 
Hopkins Health System. EHR data from individual 
health systems were deidentified per data sharing poli-
cies. EHR data were encoded using standard healthcare 
terminologies and then combined using the PCORnet-
specified Common Data Model (CDM).11 The PCORnet 
CDM transforms each healthcare system’s dialect into a 
common language standardized on the meaningful use-
recommended vocabularies (SNOMED, RxNORM, and 
LOINC).

Type 2 diabetes was defined based on the SUrveillance, 
PREvention, and ManagEment of Diabetes Mellitus 
(SUPREME-DM) criteria adapted to our data source.12 
Included patients with type 2 diabetes since 1 January 
2012 met the following criteria: had one or more inpa-
tient diagnosis codes for diabetes mellitus or had two or 
more of any of the following that occurred on separate 
days, no more than 2 years apart: (1) received a diagnosis 
code for type 2 diabetes mellitus in an ambulatory office 
visit (International Classification of Diseases 10th Revi-
sion codes E10.x and E11.x); (2) were dispensed diabetes 
medication (unless the medication was metformin, a 
thiazolidinedione, or exenatide and no other criteria 
were met); (3) had a hemoglobin A1c (HbA1c) level 
≥6.5%; and (4) had a random plasma glucose level 
≥200 mg/dL. We did not use the SUPREME-DM criteria 
for fasting plasma glucose levels and the 2-hour oral 

glucose tolerance test (OGTT), due to unreliable ascer-
tainment of fasting status and OGTT data from the EHR.

Patients at risk of type 2 diabetes were defined based on 
having any BMI ≥25 kg/m2 in the PaTH database, at least 
one inpatient pre-diabetes diagnosis, at least two outpa-
tient pre-diabetes diagnoses, or HbA1c levels between 
5.7% and 6.4%. Approximately 86% of the individuals 
were included in the at-risk cohort based on elevated 
BMI criteria alone.

In this study, our analysis included adult patients 
(18 years or older) with their first COVID-19 diag-
nosis between 1 March 2020 and 28 February 2021. All 
patients either had type 2 diabetes or were at risk of type 
2 diabetes, and all were continuing patients with at least 
one ambulatory visit (primary care or endocrinology) in 
the PaTH health system during 2019 (see online supple-
mental figure S1 for the study flow diagram). Details 
about the PaTH to Health: Diabetes study were previ-
ously described elsewhere.12

Study outcomes
The outcomes of interest were proxy measures of 
COVID-19 severity. Patients were classified into three 
categories based on 30-day outcomes as indicated by site 
of care: (1) no hospitalization; (2) hospitalization only; 
or (3) admission to the ICU, intubation, or death.

Patient characteristics
Demographic data including age, sex, race/ethnicity, 
smoking status, and rurality were extracted from EHRs. 
Rural or urban designation was defined using rural-
urban commuting area codes, a scheme for delineating 
subcounty components of rural and urban areas using 
zip code. Chronic conditions were defined by diag-
nosis codes based on validated algorithms used in prior 
studies.9 10 Because chronic conditions were not consis-
tently recorded at each encounter, particularly if they 
were not related to the reason(s) for the patient’s visit, 
they were instead assessed based on patient records for 
3 years prior to COVID-19 diagnosis. Comorbid condi-
tions were further summarized using the Charlson 
Comorbidity Index (CCI), which examines 19 medical 
conditions that are each assigned an integer weight 
between 1 and 6, with a weight of 6 representing the 
most severe morbidity. The summation of the weighted 
comorbidity scores results in the final CCI score.13 14 
Clinical variables, including BMI, systolic blood pressure, 
diastolic blood pressure, high-density lipoprotein choles-
terol level, low-density lipoprotein cholesterol level, 
and HbA1c level, were based on the most recent values 
prior to the COVID-19 diagnosis. The 12-month study 
period (from March 2020 to February 2021) was divided 
into three 4-month intervals, which also coincided with 
advances in treatment, changes in viral variant, or other 
factors that might affect care and patient outcomes 
(March 2020 to June 2020; July 2020 to October 2020; 
and November 2020 to February 2021).
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Statistical analysis
Analyses were conducted in patients with type 2 diabetes 
and patients at risk of type 2 diabetes separately. The asso-
ciations between the patient characteristics and outcomes 
of interest were first assessed using χ2 test, analysis of vari-
ance, or Kruskal-Wallis test. Next, multivariable multi-
nomial logistic regressions were conducted, including 
all covariates that were significant in the bivariable anal-
yses. Prior to modeling, the predictors were assessed for 
multicollinearity using variance inflation factor statistics, 
but none were found. ORs were used to quantify the 
magnitude and direction of any significant associations 
while adjusting for the other variables included in the 
model. Subgroup analyses by age, sex, race, and time of 
COVID-19 diagnosis were performed. Additional analyses 
were conducted to compare the demographic and clin-
ical variables in non-Hispanic White, non-Hispanic Black, 
and Hispanic patients with COVID-19 and to evaluate 
racial differences in COVID-19 outcomes. All analyses 
used SAS software V.9.4 (SAS Institute), and two-tailed p 
values <0.05 were considered statistically significant.

RESULTS
There were 15 725 patients identified (4944 with type 
2 diabetes, 10 781 at risk of type 2 diabetes) with a 
COVID-19 diagnosis between March 2020 and February 
2021. A total of 3490 patients (22.2%) had at least one 
adverse event, including 2404 patients with hospitaliza-
tions only and 1086 patients with ICU admission, intu-
bation, or death within 30 days of diagnosis (777 (4.9%) 
ICU admissions, 291 (1.9%) intubations, and 502 (3.2%) 
deaths; not mutually exclusive). The prevalence of these 
outcomes varied over time: the rate of hospitalization was 
lowest in patients diagnosed between November 2020 
and February 2021, while the rate of ICU admission, intu-
bation, or death was the lowest from July 2020 to October 
2020. The increase in ICU admission, intubation, or 
death between November 2020 and February 2021 was 
consistent with the COVID-19 infection uptick in late 
2020. In all time periods, patients with type 2 diabetes 

had a higher prevalence of adverse outcomes than those 
at risk of type 2 diabetes (figure 1).

As shown in table 1, in patients with type 2 diabetes, 
the mean age was 62.3 years, 46.2% were men, 28.8% 
were non-Hispanic Black, 13.4% were Hispanic, 3.9% 
were other non-Hispanic (including Asians), and 94.5% 
resided in urban area. The mean BMI was 34.2 kg/
m2, and the mean CCI score was 5.4. Based on EHRs, 
33.5% of the patients had chronic pulmonary disease, 
and 28.8% had renal disease. Furthermore, the mean 
HbA1c level was 7.6%; 17.2% of the patients were taking 
sulfonylureas, 37.3% were on insulin treatment; 42.3% 
received metformin; 10.7% were on dipeptidyl pepti-
dase-4 (DPP-4) inhibitors; 4.4% were on glucagon-like 
peptide-1 (GLP-1) agonists; and 9.6% were on sodium-
glucose co-transporter 2 (SGLT2) inhibitors. In patients 
at risk of type 2 diabetes, the mean age was 52.4 years, 
37.7% were men, 21.0% were non-Hispanic Black, 10.1% 
were Hispanic, 3.1% were other non-Hispanic (including 
Asians), and 95.7% resided in urban area. The mean BMI 
was 32.3 kg/m2, and the mean CCI score was 2.2. Chronic 
pulmonary disease was identified in 24.3% of the patients 
(table 1).

The bivariate analyses showed that in patients with 
type 2 diabetes, being older, male, non-Hispanic White, 
a former smoker, or having a COVID-19 diagnosis earlier 
in the pandemic were more prevalent in hospitalization-
only patients and patients with ICU admission, intubation, 
or death. The mean CCI scores were higher in patients 
with adverse outcomes. Insulin use was more prevalent in 
those with hospitalization or with ICU admission, intuba-
tion, or death, while the uses of sulfonylureas, metformin, 
DPP-4 inhibitor, glucagon-like peptide-1 receptor (GLP-
1R) agonist, and SGLT2 inhibitor were more prevalent in 
those who had no hospitalization. HbA1c levels were not 
associated with adverse outcomes (table 1). In patients at 
risk of type 2 diabetes, being older, male, non-Hispanic 
White, a former smoker, and having a COVID-19 diag-
nosis earlier in the pandemic were more prevalent in 
hospitalization-only patients, as well as in patients with 
ICU admission, intubation, or death. The mean CCI 
scores were higher in patients with adverse outcomes. 
Underweight or normal weight was more prevalent in 
patients who were hospitalized or with ICU admission, 
intubation, or death (table 1).

Table 2 shows the incidence of COVID-19 outcomes by 
demographic and clinical variables. As expected, patients 
with type 2 diabetes had a higher incidence of adverse 
outcomes due to COVID-19 than those at risk of diabetes 
across age, sex, and race/ethnicity groups. Adjusted ORs 
of hospitalization only and more severe outcome (ICU 
admission, intubation, or death) were estimated respec-
tively from the multinomial logistic models with no 
hospitalization being the reference category (table  2). 
In patients with type 2 diabetes, those who were older, 
Hispanic (vs White, OR=1.73, 95% CI 1.36 to 2.19), had 
high CCI scores (OR=2.06 (95% CI 1.76 to 2.42) per 

Figure 1  Prevalence of 30-day outcomes by COVID-19 
pandemic period (March 2020 to February 2021) in patients 
positive for COVID-19 with type 2 diabetes (T2DM) or at risk 
of type 2 diabetes. ICU, intensive care unit.
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5-unit increase), or were on insulin treatment (OR=1.63, 
95% CI 1.37 to 1.94) had significantly higher odds of 
hospitalization. On the other hand, patients diagnosed 
later in the COVID-19 pandemic or those on metformin, 
DPP-4 inhibitor, or GLP-1 agonist had lower odds of 
hospitalization. BMI and the uses of sulfonylureas or 
SGLT2 inhibitor were not significantly associated with 
hospitalization (table 2). For ICU admission, intubation, 
or death, being aged 65 or older, having BMI ≥40 kg/
m2, having a higher CCI score, and being on insulin 
treatment were associated with higher odds, while being 
non-Hispanic Black, diagnosed in later periods, and on 
metformin treatment were associated with lower odds of 
the most severe outcomes. In contrast to hospitalization 
only, medications such as DPP-4 inhibitor, GLP-1 agonist, 
or SGLT2 inhibitor were not significantly associated with 
the most severe outcomes (table 2).

In patients at risk of type 2 diabetes, non-Hispanic 
Black (OR=1.54, 95% CI 1.31 to 1.80), Hispanic patients 
(OR=1.77, 95% CI 1.43 to 2.18) and those with higher 
CCI scores (OR=4.24 (95% CI 3.64 to 4.93) per 5-unit 
increase) had significantly higher odds of hospitaliza-
tion. Patients with overweight or obesity had lower odds 
of hospitalization than those with normal weight. Patients 
diagnosed between November 2020 and February 2021 
had significantly lower odds of hospitalization than those 
diagnosed during the early period of the pandemic 
(table 2). Patients who were aged 65 or older, were male, 
or who had higher CCI scores (OR=6.12 (95% CI 4.94 to 
7.60) for every 5-unit increase) were more likely to expe-
rience ICU admission, intubation, or death. Compared 
with those with normal weight, patients who were over-
weight had lower odds of the most severe outcomes. 
Patients with later COVID-19 diagnoses had lower odds 
than those diagnosed in March to June 2020.

We conducted a series of subgroup analyses by age, sex, 
race/ethnicity, and COVID-19 diagnosis period for hospi-
talization only and ICU, intubation, or death in patients 
with type 2 diabetes or at risk of type 2 diabetes. The 
associations between the risk factors and outcomes were 
generally similar across the subgroups (data not shown).

Additional analyses on racial disparity
We conducted additional analyses focusing on racial 
differences. Compared with White patients, non-Hispanic 
Black and Hispanic patients were younger, more likely to 
be women, had lower CCI scores, and were more likely to 
be diagnosed with COVID-19 earlier in the pandemic. In 
addition, among patients with type 2 diabetes, compared 
with White patients, Black and Hispanic patients had 
higher HbA1c levels and were more likely to be on 
metformin and insulin (online supplemental table S1). 
In the multivariable analyses adjusted for all covariates, 
in patients with type 2 diabetes, compared with White 
patients, Hispanic patients had 33%–143% increased 
odds of hospitalizations across age groups, sex, and 
COVID-19 diagnosis periods (online supplemental table 
S2). In the patients at risk of type 2 diabetes, compared 
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with White patients, Black patients had 41%–86% 
increased odds of hospitalization, and Hispanic patients 
had 14%–230% increased odds of hospitalization across 
the subgroups (figure 2 and online supplemental table 
S2). For the composite variable of ICU admission, intuba-
tion, or death, Black patients and non-Hispanic patients 
did not have increased odds, except in Hispanic patients 
during July to October 2020 (online supplemental table 
S2).

DISCUSSION
In our sample of patients diagnosed with COVID-19 
and type 2 diabetes or at risk of type 2 diabetes, 22% 
were hospitalized, 5% were admitted to ICUs, 2% were 
intubated, and 3% died within 30 days of receiving a 
COVID-19 diagnosis from March 2020 to February 2021.

Vulnerable populations experienced worse outcomes 
with COVID-19 infections throughout the pandemic 
in 2020, including the elderly, people of color, and 
those with pre-existing or comorbid conditions, such as 
diabetes.1 15–18 Our findings were consistent with prior 
studies. As our analysis included data until early 2021, 
we were also able to show that the prevalence of severe 
outcomes decreased over time. Compared with the initial 
period (March to June 2020), patients diagnosed with 
COVID-19 in later periods were ~40%–65% less likely 
to experience the most severe COVID-19 outcomes. 
Although this shift in outcomes may reflect changing 
demographics in that healthier patients were infected 
later in the pandemic, the shift also suggests advances 
in the science and understanding of COVID-19 and the 
implementation of medical protocols to better respond 
to and manage COVID-19.

In the analyses of racial differences, we found non-
Hispanic Black and Hispanic patients with type 2 diabetes 
were younger and had higher HbA1c levels (online 
supplemental table S1). These observations were consis-
tent with population-level data reported in prior studies. 
In an analysis of the National Health and Nutrition Exam-
ination Survey (NHANES) data, Wang et al reported that 

Ty
p

e 
2 

d
ia

b
et

es
A

t 
ri

sk
 o

f 
ty

p
e 

2 
d

ia
b

et
es

†

H
o

sp
it

al
iz

at
io

n 
o

nl
y 

(%
)

IC
U

, i
nt

ub
at

io
n,

 
d

ea
th

 (%
)

H
o

sp
it

al
iz

at
io

n
O

R
 (9

5%
 C

I)
IC

U
, i

nt
ub

at
io

n,
 d

ea
th

O
R

 (9
5%

 C
I)

H
o

sp
it

al
iz

at
io

n 
o

nl
y 

(%
)

IC
U

, i
nt

ub
at

io
n,

 
d

ea
th

 (%
)

H
o

sp
it

al
iz

at
io

n
O

R
 (9

5%
 C

I)
IC

U
, i

nt
ub

at
io

n,
 d

ea
th

O
R

 (9
5%

 C
I)

N
o 

S
G

LT
2 

in
hi

b
ito

r
21

.1
12

.2
R

ef
R

ef
 �


 �


 �


 �



A
ny

 S
G

LT
2 

in
hi

b
ito

r
17

.4
8.

7
1.

08
 (0

.8
2 

to
 1

.4
2)

1.
06

(0
.7

3 
to

 1
.5

5)
 �


 �


 �


 �



*A
d

ju
st

ed
 fo

r 
ag

e,
 s

ex
, r

ac
e/

et
hn

ic
ity

, s
m

ok
in

g 
st

at
us

, C
C

I s
co

re
, t

im
e 

of
 C

O
V

ID
-1

9 
d

ia
gn

os
is

, B
M

I c
at

eg
or

y,
 S

B
P

 (q
ua

rt
ile

), 
D

B
P

 (q
ua

rt
ile

), 
H

D
L 

le
ve

l (
q

ua
rt

ile
), 

an
d

 L
D

L 
le

ve
l (

q
ua

rt
ile

). 
A

d
d

iti
on

al
 a

d
ju

st
m

en
ts

 fo
r 

H
b

A
1c

 le
ve

l, 
in

su
lin

 u
se

, m
et

fo
rm

in
 

us
e,

 D
P

P
-4

 in
hi

b
ito

r 
us

e,
 G

LP
-1

R
 a

go
ni

st
 u

se
, a

nd
 S

G
LT

2 
in

hi
b

ito
r 

us
e 

in
 a

na
ly

se
s 

of
 p

at
ie

nt
s 

w
ith

 t
yp

e 
2 

d
ia

b
et

es
.

†A
t 

ris
k 

d
efi

ne
d

 b
as

ed
 o

n 
el

ev
at

ed
 B

M
I, 

p
re

-d
ia

b
et

es
 d

ia
gn

os
is

, o
r 

el
ev

at
ed

 H
b

A
1c

.
‡P

<
0.

05
.

B
M

I, 
b

od
y 

m
as

s 
in

d
ex

; C
C

I, 
C

ha
rls

on
 C

om
or

b
id

ity
 In

d
ex

; D
B

P,
 d

ia
st

ol
ic

 b
lo

od
 p

re
ss

ur
e;

 D
P

P
-4

, d
ip

ep
tid

yl
 p

ep
tid

as
e-

4;
 G

LP
-1

R
, g

lu
ca

go
n-

lik
e 

p
ep

tid
e-

1 
re

ce
p

to
r;

 H
b

A
1c

, h
em

og
lo

b
in

 A
1c

; H
D

L,
 h

ig
h-

d
en

si
ty

 li
p

op
ro

te
in

; I
C

U
, i

nt
en

si
ve

 c
ar

e 
un

it;
 

LD
L,

 lo
w

-d
en

si
ty

 li
p

op
ro

te
in

; S
B

P,
 s

ys
to

lic
 b

lo
od

 p
re

ss
ur

e;
 S

G
LT

2,
 S

od
iu

m
-g

lu
co

se
 c

ot
ra

ns
p

or
te

r-
2 

.

Ta
b

le
 2

 
C

on
tin

ue
d

Figure 2  ORs (and 95% CIs) for hospitalization in patients 
positive for COVID-19 at risk of type 2 diabetes. B, non-
Hispanic Black; H, Hispanic; W, non-Hispanic White.
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Mexican American and non-Hispanic Black adults had 
a significantly younger mean age at diabetes diagnosis 
(mean age 47.2 and 44.9 years, respectively) relative 
to non-Hispanic White adults (mean age 51.8 years).19 
Another NHANES study found non-Hispanic Black and 
Mexican American adults were significantly less likely to 
achieve HbA1c targets (60.4% and 55.7%, respectively) 
as compared with non-Hispanic White adults (68.3%).20 
After controlling for covariates, our data indicated that 
patients who were non-Hispanic Black or Hispanic had 
significantly higher odds of hospitalization than White 
patients, and the associations were consistent across age, 
sex, and COVID-19 diagnosis periods. Although dispar-
ities were not apparent in the most severe outcome 
category (ie, ICU admission, intubation, or death), indi-
viduals in minority groups may have higher COVID-19 
incidence or be diagnosed later, leading to increased 
odds of hospitalization. Once admitted to a hospital, 
the disease prognosis of these patients was comparable 
to that of their White counterparts. These findings were 
consistent with studies conducted in large health systems 
in Houston and Milwaukee,21 22 in which non-Hispanic 
Black and Hispanic patients had a higher likelihood of 
hospitalization, but there were no differences in ICU 
utilization, in-hospital mortality, ventilator use, or treat-
ment parameters.22

Patients with type 2 diabetes using insulin had 
significantly higher odds of adverse events, which was 
expected, as insulin use is an indicator of an advanced 
stage of diabetes. This finding was consistent with other 
large studies.23–25 For instance, among 64 892 veterans 
with diabetes and COVID-19, insulin use was associated 
with higher odds of hospitalization and risk of death.25 
A meta-analysis of 33 studies reported an OR of 1.70 
(95% CI 1.33 to 2.19) as comparing patients on insulin 
to non-users.26 Because the coronavirus replicates faster 
in a high glucose environment and glucose fluctuations 
make it more challenging to treat COVID-19,2 patients 
with uncontrolled diabetes may experience more severe 
COVID-19 outcomes. This suggests that providers treating 
patients with COVID-19 with diabetes should remain vigi-
lant, and patients with diabetes on insulin may require 
further attention regarding COVID-19 prevention and 
management.

Our study also suggested that metformin use was asso-
ciated with a protective effect; patients with diabetes on 
metformin had ~40% lower odds of severe COVID-19 
outcomes than those not taking metformin, after 
adjusting for HbA1c levels. Some previous studies noted 
similar reduced risks in patients on metformin.24 25 In 
a nationwide observational cohort study in England, 
metformin use was associated with 23% reduced 
mortality in people with type 2 diabetes.25 A meta-analysis 
reported a pooled OR of 0.54 (95% CI 0.47 to 0.62) for 
metformin use and mortality.26 Several potential mecha-
nisms might explain the protective effect of metformin, 
either by reducing the likelihood of SARS-CoV-2 infec-
tion or by decreasing COVID-19 severity. Metformin 

reduces blood glucose levels; worse glucose control has 
been associated with higher mortality and end-organ 
complications in patients with COVID-19.18 Metformin 
could decrease endothelial injury, an important factor 
and therapeutic target in mitigating COVID-19 complica-
tions.27 28 Metformin also inhibits neutrophil extracellular 
trap release, alleviating the development of downstream 
lung injury.29–31 Metformin could also decrease the 
viral cycle, with efficacy against Middle East respiratory 
syndrome and COVID-19.32 33 While we do not have data 
regarding medication dosage or combination therapies 
to support the causal relationship between metformin 
and less severe COVID-19 outcomes, further research on 
these mechanisms may contribute to the prevention of 
COVID-19 and other viral infections.

GLP-1R agonists and DPP-4 inhibitors are glucose-
regulating medications known to have anti-inflammatory 
effects that may improve outcomes in patients with 
SARS-CoV-2 infection. In a multination study of TriNetX 
COVID-19 Research Network, the use of GLP-1R agonists 
was associated with significant reductions in hospital 
admission, respiratory complications, and mortality; 
the use of DPP-4 inhibitors was associated with a reduc-
tion in respiratory complications and subsequent hospi-
talizations.34 Moreover, in a study among veterans with 
diabetes and COVID-19, SGLT2 inhibitors and GLP-1R 
agonist were associated with lower odds of hospitaliza-
tion; SGLT2 inhibitor use was also associated with lower 
odds of death.35 In our study, we found patients with type 
2 diabetes on DPP-4 inhibitor or GLP-1R agonist had 
significantly lower odds of being hospitalized, whereas 
there were no associations with ICU admission, intuba-
tion, or death. There were no significant associations 
between SGLT2 use and COVID-19 adverse outcomes. 
The inconsistency across observational studies may be 
attributed to differences in study populations, strategies 
of adjusting for confounding, or study power because of 
smaller proportions of patients with diabetes on those 
newer medications.

Unlike some previous studies,36–38 our study did not 
find higher HbA1c levels were significantly associated 
with more severe COVID-19 outcomes. As shown in 
table 1, HbA1c data were missing in 26.4% of the patients 
with type 2 diabetes, with slightly higher percentages in 
those who had hospitalization (28.3%) or ICU/intuba-
tion/death (28.5%) than those without hospitalizations 
(25.5%). We cannot rule out the possibility that those 
with hospitalization or ICU/intubation/death had 
higher HbA1c. Nonetheless, in the multivariable regres-
sions, we adjusted for the HbA1c levels as a categorical 
variable, including the ‘unknown’ category.

In patients at risk of type 2 diabetes, we found that 
being underweight was associated with higher odds of 
hospitalization, while having overweight and obesity was 
associated with lower odds, compared with patients of 
normal weight. These findings were not consistent with 
some prior studies.6 39 However, the at-risk patients in our 
study entered the cohort largely based on elevated BMI, 
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a small proportion of the study cohort had normal weight 
or underweight. This group may represent a more suscep-
tible population, that is, pre-diabetes, with different 
phenotypes. Likewise, the lack of significant associations 
between higher BMIs and adverse COVID-19 outcomes 
in patients with type 2 diabetes requires further study. 
It is possible that more aggressive care was provided to 
patients who were perceived as high risk, including those 
with both type 2 diabetes and obesity. Additional care 
may mitigate the negative impact of obesity.

Our study had several strengths. First, the study popu-
lation consisted of patients from two states, including 
both hotspot and non-hotspot areas, suggesting broader 
generalizability. Second, our data included patients with 
COVID-19 diagnosed over a 12-month period, reflecting 
the different stages of prevention and treatment proto-
cols before vaccines became available. Third, our data 
included patients from five health systems, with a substan-
tial number of people in under-represented minority 
groups, from different clinical practice settings, and 
urban and rural areas.

There are limitations to our study. First, our patients 
were seen in tertiary academic health systems, and there-
fore, our results may not be applicable to patients seen 
in community settings. Second, missing information is 
not uncommon in EHR data, and the missingness on 
smoking status and HbA1c levels cannot be ignored. 
We cannot rule out the possibility of misclassification 
due to missing data. Third, EHR data may not capture 
COVID-19 outcomes outside the five health systems we 
examined, potentially underestimating the proportion 
of adverse events. Fourth, the association between covari-
ates and outcomes could be overestimated due to residual 
confounding factors, such as insurance type and stage 
of COVID-19 illness at the time of diagnosis. Moreover, 
additional socioeconomic factors, such as education, 
income, and census track-level deprivation data, were not 
consistently coded across institutions, which limited the 
feasibility to study additional factors of COVID-19 hospi-
talizations. Finally, the original PaTH to Health: Diabetes 
study was a natural experiment to evaluate the effects 
of intensive behavioral therapy (IBT), implemented by 
the Centers for Medicare and Medicaid Services and 
subsequently by most private plans, on diabetes-related 
outcomes. As the BMI cut-off for the IBT services does 
not account for the ethnicity of the individual, Asians 
who reach overweight at the BMI of 23 kg/m2 and are at 
a greater risk for developing diabetes at a lower BMI were 
not included in the study population.

In conclusion, our study further emphasized that 
patients with type 2 diabetes or at risk of diabetes who 
were older, in racial minority groups, who had multiple 
chronic conditions, and were on insulin treatment had 
higher risks for severe COVID-19 outcomes. This rein-
forces the urgency to prevent COVID-19 and its compli-
cations, which subsequently can overburden medical 
resources. Given that racial disparities for COVID-19 
vaccinations remain in Pennsylvania and Maryland, as 

well as across the USA, increased community outreach 
is needed to prevent COVID-19 infections and increase 
the public’s knowledge of and confidence in COVID-19 
vaccines.
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Supplemental Table 1. Patient characteristics by race/ethnicity in patients with type 2 diabetes or at risk of diabetes 
 Type 2 Diabetes * (n=4,662) At-Risk of Type 2 Diabetes ** (n=10,222) 

 White, Non-

Hispanic (n=2573) 

Black, Non-

Hispanic (n=1425) 

Hispanic (n=664) White, Non-

Hispanic (n=6865) 

Black, Non-

Hispanic (n=2265) 

Hispanic (n=1092) 

Age, year 65.4 (13.9) 48.8 (12.9) 59.7 (13.9) 54.9 (17.7) 48.8 (15.5) 46.5 (15.5) 

Age group, %       

 <65 46.6 68.8 64.0 70.7 84.8 86.5 

 >=65  53.4 31.2 36.0 29.4 15.2 13.5 

Sex, %       

 Men 50.8 38.0 47.1 41.6 29.8 31.1 

 Women 49.2 62.0 52.9 58.4 70.2 68.9 

Smoking, %       

 Current 5.6 5.5 1.5 6.2 5.4 3.5 

 Former 27.2 13.5 6.5 20.4 12.2 7.1 

 Never 38.0 26.7 21.4 42.1 39.0 38.5 

 Unknown 29.2 54.3 70.6 31.4 43.4 50.9 

Location       

  Urban 90.0 99.4 99.4 93.5 99.7 99.7 

  Rural 3.5 0.1 0.2 3.9 0.0 0.1 

  Unknown 6.5 0.5 0.4 2.7 0.3 0.2 

Comorbidity, %       

MI 13.8 11.3 13.4 3.7 2.3 2.8 

Congestive heart 

failure 

25.9 24.8 21.5 8.2 7.4 4.9 

Peripheral vascular 

disease 

21.5 17.2 17.6 7.7 4.4 4.2 

Cerebrovascular 

disease  

19.5 15.9 16.7 8.5 5.9 5.0 

Chronic pulmonary 

disease 

33.0 34.5 38.7 23.7 27.6 24.3 

Liver disease, mild 15.4 13.1 18.5 7.5 6.8 9.3 

Renal disease, mild to 

moderate 

32.8 25.5 25.3 9.0 7.8 4.3 

Any malignancy 12.6 9.3 7.8 10.0 7.1 5.3 

Renal disease, severe 5.8 11.4 9.5 0.9 2.6 1.2 

CCI Score 5.8 (3.1) 5.0 (3.1) 5.1 (3.2) 2.4 (2.5) 2.2 (1.7) 1.9 (1.4) 
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 Type 2 Diabetes * (n=4,662) At-Risk of Type 2 Diabetes ** (n=10,222) 

 White, Non-

Hispanic (n=2573) 

Black, Non-

Hispanic (n=1425) 

Hispanic (n=664) White, Non-

Hispanic (n=6865) 

Black, Non-

Hispanic (n=2265) 

Hispanic (n=1092) 

Body Mass Index, 

kg/m
2
 

34.5 (7.9) 34.8 (8.8) 33.3 (7.5) 32.0 (7.0)) 33.9 (7.8) 32.0 (6.5) 

BMI category, %       

  <18.5 0.4 0.6 0.2 0.2 0.2 0.1 

  18.5 to <25 7.4 9.3 9.6 9.1 6.6 7.9 

  25-29.9 21.4 20.9 24.0 34.9 26.8 33.3 

  30-39.9 47.6 43.9 46.5 41.4 44.4 45.2 

  40+ 21.7 24.0 16.4 12.0 19.4 10.8 

Unknown 1.5 1.3 3.3 2.4 2.6 2.7 

SBP, mmHg
1
 130.8 (17.1) 135.2 (18.6) 132.9 (19.7) 126.6 (15.9) 129.3 (17.3) 123.7 (16.0) 

DBP, mmHg
2
 74.5 (10.9) 78.7 (11.2) 77.0 (11.3) 76.4 (10.3) 78.9 (11.0) 75.5 (10.4) 

HDL chol, mg/dL
3
 44.4 (12.6) 50.0 (16.1) 44.6 (13.7) 52.5 (15.1) 55.5 (16.5) 49 

LDL chol, mg/dL
4
 132.0 (47.0) 139.1 (46.7) 145.6 (49.9) 151.2 (41.4) 143.8 (41.5) 153.7 (41.7) 

Time of COVID 

diagnosis, %   

      

March-June, 2020 19.1 40.8 41.6 18.1 36.3 41.8 

July-Oct, 2020 25.0 25.0 22.4 26.3 29.4 23.4 

Nov-Jan, 2021 55.9 34.2 36.0 55.6 34.3 34.8 

HbA1c categories, %       

  < 6.0% 11.4 12.0 6.9    

  6.0-6.9% 25.3 21.5 21.5    

  7.0-7.9% 18.0 13.8 16.4    

  8.0-8.9% 8.6 9.1 8.3    

  ≥ 9.0% 11.5 15.9 17.5    

  Missing 25.1 27.7 29.4    

HbA1c, mean (SD), %
5
 7.4 (1.7) 7.8 (2.2) 7.9 (2.0)    

Any sulfonylureas, % 18.4 15.7 14.5    

Any metformin, % 37.0 48.1 44.7    

Any Insulin, % 34.0 41.1 46.2    

Any DPP-4 inhibitor,% 10.5 10.9 11.0    

Any GLP-1 agonist, % 4.5 5.0 3.8    

Any SGLT2 inhibitor, % 9.8 8.6 11.0    
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Abbreviations: CCI:
 
Charlson Comorbidity Index; BMI: Body Mass Index; SBP: systolic blood pressure; DBP: diastolic blood pressure; HDL: High-Density 

Lipoprotein; LDL: Low-Density Lipoprotein; HbA1c: Hemoglobin A1c; DPP-4 inhibitor: Dipeptidyl peptidase-4 inhibitor; GLP-1 agonist: Glucagon-like 

peptide-1 receptor agonist; SGLT-2: Sodium-glucose transport protein 2 (SGLT2) inhibitors 

Data presented as mean (standard deviation) or percent 
1
SBP n=14,627; 

2 
DBP n=14,626; 

3
HDL n=7,880, 

4 
LDL

 
n=7,872, 

5 
HbA1c

 
n=3,427 

* All p values <0.05 except congestive
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Supplemental Table 2. Adjusted odds ratios (95% confidence intervals) for hospitalization only and 

severe outcomes in patients with type 2 diabetes or at risk of type 2 diabetes: Subgroup analysis  

 Type 2 Diabetes At-Risk of Diabetes#
 

Factors Hospitalization 

only 

ICU/Intubation 

/Death 

Hospitalization 

only 

ICU/Intubation 

/Death 

Total     

  Black vs. White 1.08  (0.89, 1.32) 0.68 (0.52, 0.89) 1.54 (1.31, 1.80) 0.52 (0.38, 0.73) 

  Hispanic vs. white 1.73  (1.36, 2.19) 1.10 (0.78, 1.55) 1.77 (1.43, 2.18) 0.70 (0.45, 1.09) 

Age <65     

  Black vs. White 1.01 (0.77, 1.32) 0.61 (0.41, 0.91) 1.55 (1.29, 1.87) 0.74 (0.48, 1.15) 

  Hispanic vs. white 1.60 (1.16, 2.20) 1.14 (0.70, 1.86) 1.66 (1.30, 2.11) 1.15 (0.68, 1.94) 

Age >=65     

  Black vs. White 1.25 (0.93, 1.69) 0.82 (0.56, 1.20) 1.50 (1.10, 2.04) 0.90 (0.56, 1.43) 

  Hispanic vs. White 2.08 (1.43, 3.01) 1.13 (0.68, 1.87) 2.49 (1.58, 3.91) 1.59 (0.76, 3.29) 

Men     

  Black vs. White 1.23 ( 0.92, 1.64) 0.78 ( 0.52, 1.18) 1.53 (1.17, 2.00) 1.00 (0.63, 1.56) 

  Hispanic vs. White 1.58 (1.11, 2.24) 1.48 ( 0.92, 2.40) 1.72 (1.21, 2.46) 1.58 (0.89, 2.82) 

Women      

  Black vs. White 1.01 (0.78, 1.32) 0.58 (0.41, 0.84) 1.50 (1.23, 1.83) 0.66 (0.42, 1.04) 

  Hispanic vs. White 1.93 (1.39, 2.68) 0.78 (0.47, 1.30) 1.76 (1.36, 2.29) 0.94 (0.51, 1.74) 

Mar-Jun 2020     

  Black vs. White 1.55 (1.09, 2.19) 0.64 (0.43, 0.96) 1.41 (1.08, 1.84) 0.55 (0.33, 0.92) 

  Hispanic vs. White 2.43 (1.63, 3.65) 0.78 (0.46, 1.33) 1.47 (1.05, 2.04) 1.10 (0.62, 1.98) 

July-Oct 2020     

  Black vs. White 1.33 (0.91, 1.93) 0.73 (0.39, 1.36) 1.86 (1.41, 2.46) 1.38 (0.71, 2.68) 

  Hispanic vs. White 2.16 (1.32, 3.53) 2.85 (1.38, 5.88) 3.30 (2.29, 4.75) 2.07 (0.77, 5.57) 

Nov 2020-Feb 2021     

  Black vs. White 0.70 (0.49, 0.99) 0.70 (0.44, 1.10) 1.46 (1.09, 1.95) 0.90 (0.54, 1.50) 

  Hispanic vs. White 1.33 (0.86, 2.04) 1.12 (0.61, 2.05) 1.14 (0.72, 1.79) 0.92 (0.41, 2.07) 

ICU: Intensive Care Unit 
#
At risk defined based on elevated BMI, prediabetes diagnosis, or elevated HbA1c. 

Adjusted for age, sex, smoking status, CCI score, time of COVID diagnosis, BMI category, SBP 

(quartile), DBP (quartile), HDL level (quartile), LDL level (quartile). Additional adjustments for 

HbA1c level, insulin use, metformin use, DPP-4 inhibitor use, GLP-1R agonist use, and SGLT2 

inhibitor use in the analyses of type 2 diabetes patients. 
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