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ABSTRACT

Introduction: Diabetes has been identified as a
high-risk comorbidity for COVID-19 hospital-
ization. We evaluated additional risk factors for
COVID-19 hospitalization and in-hospital
mortality in a nationwide US database.
Methods: This retrospective study utilized the
UnitedHealth Group Clinical Discovery Data-
base (January 1, 2019–July 15, 2020) containing
de-identified nationwide administrative claims,
SARS-CoV-2 laboratory test results, and COVID-
19 inpatient admissions data. Logistic regres-
sion was used to understand risk factors for
hospitalization and in-hospital mortality
among people with type 2 diabetes (T2D) and in
the overall population. Robustness of associa-
tions was further confirmed by subgroup and
sensitivity analyses in the T2D population.

Results: A total of 36,364 people were identi-
fied who were either SARS-CoV-2? or hospital-
ized for COVID-19. T2D was associated with
increased COVID-19-related hospitalization and
mortality. Factors associated with increased
hospitalization risk were largely consistent in
the overall population and the T2D subgroup,
including age, male sex, and these top five
comorbidities: dementia, metastatic tumor,
congestive heart failure, paraplegia, and meta-
bolic disease. Biguanides (mainly metformin)
were consistently associated with lower odds of
hospitalization, whereas sulfonylureas and
insulins were associated with greater odds of
hospitalization among people with T2D.
Conclusion: In this nationwide US analysis,
T2D was identified as an independent risk factor
for COVID-19 complications. Many factors
conferred similar risk of hospitalization across
both populations; however, particular diabetes
medications may be markers for differential
risk. The insights on comorbidities and medi-
cations may inform population health initia-
tives, including prevention efforts for high-risk
patient populations such as those with T2D.
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Key Summary Points

Why carry out this study?

The clinical and demographic
characteristics as well as specific risk
factors of patients with diabetes with
severe forms of COVID-19 in the US have
not been extensively studied.

This study aimed to characterize
additional risk factors for COVID-19
hospitalization and in-hospital mortality
among those with type 2 diabetes mellitus
(T2DM) and the overall population in a
nationwide US database.

What was learned from the study?

Factors associated with increased
hospitalization risk were largely consistent
in the overall population and the T2D
subgroup, including age, male sex, and
these top five comorbidities: dementia,
metastatic tumor, congestive heart failure,
paraplegia, and metabolic disease.

Findings of this study further support
known at-risk populations and can help
guide risk stratification efforts across
population health strategies (e.g., vaccine
prioritization or targeted outreach
campaigns).

INTRODUCTION

Coronavirus disease-2019 (COVID-19) is caused
by the severe acute respiratory syndrome coro-
navirus-2 (SARS-CoV-2) virus, which was first
identified in December 2019 during an outbreak
of respiratory illness cases in Wuhan City,
Hubei Province, China [1]. The disease subse-
quently spread to other countries, and on
March 11, 2020, the World Health Organization
declared COVID-19 a global pandemic [2]. As of
February 2, 2021, a total of 102 million con-
firmed cases and 2.21 million deaths had been

reported worldwide, with 25.6 million cases and
433,173 deaths recorded in the US alone [3].

The clinical manifestations of COVID-19 are
heterogeneous. A majority of individuals expe-
rience only mild symptoms of fever, dry cough,
and myalgia at presentation [4]. However,
patients with severe disease may develop dysp-
nea and hypoxemia within 1 week after disease
onset, which may deteriorate rapidly to acute
respiratory distress syndrome or multiple organ
failure, leading to death [4, 5]. Older age and
comorbidities, such as diabetes, chronic lung
disease, hypertension, obesity, and other car-
diovascular and cerebrovascular diseases, are
common factors associated with hospitalization
and mortality in patients with COVID-19
[6–13].

Diabetes is well described as a major comor-
bidity of hospitalized patients with COVID-19
[14–16]. Several studies have found associations
between diabetes and greater odds of adverse
clinical outcomes in COVID-19 including
longer length of hospitalization, higher mor-
tality rate, ICU admission, and mechanical
ventilation [4, 5, 9, 13, 17–19]. Of note, patients
with type 2 diabetes mellitus (T2D) with well-
controlled blood glucose (BG) levels had lower
mortality rates compared to those with poor BG
control [17]. Regarding glucose-lowering medi-
cations, little is known about their impact on
the characteristics and prognosis of patients
with T2D and COVID-19. Recent data indicated
that insulin users had a greater risk of poor
prognosis and in-hospital mortality [5]. How-
ever, these observations may also be explained
by confounders, as insulin use is associated with
greater severity, duration of disease, and the
presence of more complications. The relation-
ship between T2D and COVID-19 outcomes
warrants further characterization [20, 21]. Fur-
ther assessment of patient clinical characteris-
tics and medication usage may inform
treatment strategies and risk stratification
efforts for patients with T2D and COVID-19.

Although studies have reported that patients
with diabetes are a high-risk group for devel-
oping severe disease, the clinical and demo-
graphic characteristics as well as specific risk
factors of patients with diabetes with severe
forms of COVID-19 in the US have not been
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extensively studied. Further studies are needed
to identify current practice patterns that may
mitigate severe disease. Here, we evaluate risk
factors associated with COVID-19 hospitaliza-
tion and in-hospital mortality in a nationwide,
commercially insured, and Medicare Advantage
population, overall and among people with T2D
in the US. To our knowledge, this is the first
study integrating multiple nationwide US data-
bases to evaluate the risk of COVID-19 hospi-
talization and mortality among people with
T2D.

METHODS

Data Sources

This was a retrospective cohort study examining
individuals who either tested positive for SARS-
CoV-2 or were hospitalized for COVID-19. This
study utilized administrative claims data from
the UnitedHealth Group (UHG) Clinical Dis-
covery Database. The UHG Clinical Discovery
Database contains historic Medicare Advantage
and commercial eligibility and insurance claims
data as well as more real-time data streams
providing SARS-CoV-2 laboratory test result
data and clinician-confirmed COVID-19 inpa-
tient admissions.

The SARS-CoV-2 laboratory test results were
provided by select health systems, clinics, and
third-party laboratories. Notably, as the labora-
tory data are provided from select sources, the
SARS-CoV-2 tests are not comprehensive for the
commercial and Medicare Advantage enrollees
contained in the claims database and, as such,
should not be used to determine the proportion
of people infected with SARS-CoV-2 that were
ultimately hospitalized. The COVID-19 inpa-
tient admission data are triggered on hospital
admission for suspected COVID-19 and include
demographics, admission and discharge dates,
and disposition of individuals with confirmed
COVID-19 following a clinician’s review (Sup-
plementary Material). It therefore provides real-
time disposition data and a complete view of
COVID-19-related hospitalizations for the con-
sidered subset of Medicare Advantage and
commercial health plan enrollees. See

Supplementary Material for additional details
on this data source and data quality.

Time Period

While the COVID-19 inpatient admission data
and the SARS-CoV-2 laboratory test data con-
tain recent data, medical and pharmacy claims
in UHG Clinical Discovery Database lag with
the claims billing cycle. Due to this lag, baseline
covariates utilizing claims data were identified
in 2019 to make sure the claims datasets were
complete. Medical comorbidities were identi-
fied through historical claims from January 1,
2019, through December 31, 2019, while pre-
scription data were sourced from the pharmacy
claims data from the last 6 months of 2019 as
they were the most recently available medica-
tion data at the time of the analysis. Laboratory
test data were used to identify individuals who
tested positive for SARS-CoV-2, which included
tests starting from March 9, 2020, through July
2, 2020. The COVID-19 inpatient admission
data included admissions between January 15,
2020, and July 15, 2020.

To ensure any potential hospitalization of an
individual was captured and observed in the
data, the observation period for inclusion in the
eligible SARS-CoV-2? test cohort was cut off
14 days prior (July 2) to the end of the obser-
vation period for inclusion in the COVID-19
inpatient cohort (July 15). This time window
was selected to maximize the likelihood that a
COVID-19 hospitalization following a positive
SARS-CoV-2 laboratory test was detected and
not prematurely censored because of lack of
sufficient follow-up.

Study Population

Individuals included in the study population
were C 18 years of age as of January 1, 2019,
with 12 months of continuous enrollment in
both medical and pharmacy coverage for cal-
endar year 2019 to allow for a more complete
medical claims history, which provides infor-
mation regarding patients’ recorded medical
comorbidities and prescription claim history. In
an attempt to create a cohort that had been
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exposed to and infected with COVID-19,
inclusion required that individuals were either
hospitalized because of COVID-19 or had a
positive laboratory result for SARS-CoV-2 (in-
cluding PCR, antigen, or antibody tests) during
2020. Any individual with a COVID-19 hospi-
talization, regardless of presence in the SARS-
CoV-2 laboratory test cohort, was considered in
the COVID-19 hospitalized cohort, not both.
Pregnant women and those with a diagnosis of
gestational diabetes were excluded.

Hospitalization and in-hospital mortality
outcomes were analyzed overall and in a subset
of individuals diagnosed with T2D (Fig. 1).
Detailed selection criteria can be found in the
Supplementary Material.

Outcomes

For the purposes of the analyses in this study,
the COVID-19 inpatient admission data were
utilized to identify individuals hospitalized with

COVID-19. In-hospital mortality was based on
the disposition provided in the inpatient data-
set. For the in-hospital mortality outcome
analysis, only known disposition (i.e., ‘‘dis-
charged’’ or ‘‘died’’) was included and individu-
als still hospitalized at the time of study end
were excluded.

Baseline Demographics and Comorbidities

Baseline demographic characteristics evaluated
were age, sex, race/ethnicity, median household
income category based on zip code tabulation
area, and geographic region. Comorbidity indi-
ces including the Charlson Comorbidity Index
(CCI) [22, 23] and Diabetes Complications
Severity Index (DCSI) [24–27] were calculated.
Baseline comorbidities were evaluated using
ICD-10-CM (International Classification of Dis-
eases, Tenth Revision, Clinical Modification)
diagnosis codes in claims measured during cal-
endar year 2019 for each index component of
the CCI and DCSI (Supplementary Material). All
CCI and DCSI comorbidities were considered
originally as potential covariates in main
regression models as well as in subgroup and
sensitivity analysis models. In instances where
CCI and DCSI comorbidities had significant
overlap, we removed the CCI comorbidities
(e.g., cerebrovascular disease) from the models.
Additionally, the CCI comorbidity ‘‘diabetes
with complications’’ was removed due to over-
lap with all DCSI comorbidities.

For people with T2D, diabetes medications
were assessed at the class level and identified by
a prescription fill during the last 6 months of
2019 for the following: biguanides, sulfony-
lureas, thiazolidinediones, glucagon-like pep-
tide-1 receptor agonists, sodium-glucose
cotransporter-2 (SGLT-2) inhibitors, dipeptidyl
peptidase-4 inhibitors, and insulins. The bigua-
nides class is comprised entirely of metformin.
When combination medications were used,
each component of the medication was
assigned to its corresponding drug class sepa-
rately. No minimum day supply was required
for the initial analyses with sensitivity analyses
subsequently performed varying this require-
ment. In the overall population models,

Fig. 1 Study population (SARS-CoV-2? or COVID-19
hospitalized individuals). COVID-19 hospitalized individ-
uals are further broken into subgroups based on their
discharge status as discharged, died or unknown discharge
status. Our dataset represents a subset of all SARS-CoV-2
testing, and therefore cannot be used to determine the
proportion of people infected with SARS-CoV-2 that were
hospitalized. a Overall population b Patients with Type 2
Diabetes. aPeople with T2D are a subset of the overall
population COVID-19 Coronavirus Disease-2019; n num-
ber of individuals; SARS-CoV-2 severe acute respiratory
syndrome coronavirus-2; T2D type 2 diabetes mellitus
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diabetes-specific drugs were removed to mini-
mize collinearity with T2D.

Statistical Analyses

Descriptive analyses were used to evaluate
characteristics of each study group, compare
variables of interest (their counts and percent
distributions between the groups), and deter-
mine which variables had large enough sample
sizes to be considered for further analysis.
Logistic regression with backward selection was
used to model the outcomes of hospitalization
and in-hospital mortality in the context of
associated factors for each study population.
The process of backward selection [28] began
with the full list of covariates as considered in
the full model, then removed one covariate at
each step to maximize the reduction in Akaike’s
Information Criterion (AIC), and stopped where
the AIC could no longer be reduced.

To address potential bias in the data and to
understand robustness of observed associations
of potential factors with hospitalization out-
come, subgroup and sensitivity analyses were
performed for the T2D population. Subgroup
analyses were performed to control for disease
severity by looking at different subsets of the
study population such as (1) Medicare, (2)
individuals with a baseline glycated hemoglo-
bin in data (HbA1c; and controlling for HbA1c),
and (3) individuals with at least one diabetes
medication class other than biguanides. Sensi-
tivity analyses were performed to control for
drug exposure by requiring a minimum of 90-
and 180-day supply of medication during the
baseline period (Supplementary Material).

Statistical computing was done with R ver-
sion 3.6.2. Logistic regression models were fit
using the ‘‘glm’’ function of the base package
‘‘stats’’ (Version 3.6.2). All results were consid-
ered statistically significant based upon an a
priori designation of p \0.05.

Compliance with Ethics Guidelines

The study was approved by OptumLabs at
UnitedHealth Group and Eli Lilly and Com-
pany. Because no identifiable protected health

information was extracted or accessed during
the course of the study, and all data were
accessed in compliance with the Health Insur-
ance Portability and Accountability Act’s rules,
Institutional Review Board approval or waiver
of authorization was not required. OptumLabs
at UnitedHealth Group granted permission for
the Clinical Discovery Database to be used for
the study.

RESULTS

In the overall population, we identified 11,643
individuals who were hospitalized because of
COVID-19, and 24,721 individuals who were
SARS-CoV-2? but were not hospitalized. Among
those with T2D, there were 5263 people who
were hospitalized for COVID-19 and 4,268
people who were SARS-CoV-2? but were not
hospitalized (Fig. 1).

Baseline Demographics and Comorbidities

The mean age ± standard deviation (SD) of the
overall population was 70.1 ± 15.1 years (hos-
pitalized) and 49.7 ± 18.8 years (not hospital-
ized). The mean age ± SD of people with T2D
was 71.6 ± 12.5 years (hospitalized) and
65.1 ± 13.6 years (not hospitalized). Both the
overall and T2D population had an almost even
distribution of males and females (Table 1).

In the T2D population, the majority of
individuals were Caucasian (among non-miss-
ing; 54% of hospitalized; 55% of not hospital-
ized), lived in the Northeast (30% of
hospitalized; 42% of not hospitalized) or South
(47% of hospitalized; 38% of not hospitalized),
and were enrolled in Medicare Advantage plans
(87% of hospitalized; 65% of not hospitalized;
Table 1). Of the 36% and 48% of hospitalized
and not hospitalized individuals with available
HbA1c data, the average HbA1c levels at base-
line for people with T2D were 7.2% (n = 1876)
and 7.0% (n = 2069), respectively (Table 1).

Overall, the prevalence of most comorbidi-
ties was higher among people with T2D com-
pared to the overall population (Table 1,
Supplemary Table S1). Additionally, people
with T2D who were hospitalized had

Diabetes Ther (2021) 12:2223–2239 2227



Table 1 Baseline demographic characteristics, comorbidities, and medications

Overall population Diabetes (T2D)a

Not hospitalized

(N = 24,721)

Hospitalized

(N = 11,643)

Not

hospitalized

(N = 4268)

Hospitalized

(N = 5263)

Age in years, mean (SD) 49.7 (18.8) 70.1 (15.1) 65.1 (13.6) 71.6 (12.5)

\ 65 years, n (%) 18,223 (74) 3451 (30) 1750 (41) 1293 (25)

C 65 years, n (%) 6498 (26) 8192 (70) 2518 (59) 3970 (75)

Sex, n (%)

Female 12,404 (50) 6207 (53) 2195 (51) 2842 (54)

Male 12,317 (50) 5436 (47) 2073 (49) 2421 (46)

Race

Caucasian 4421 (18) 5580 (48) 1533 (36) 2464 (47)

African American 1292 (5) 2586 (22) 704 (16) 1616 (31)

Asian 215 (1) 164 (1) 115 (3) 91 (2)

Hispanic 555 (2) 440 (4) 275 (6) 248 (5)

Otherb 356 (1) 272 (2) 153 (4) 131 (2)

Missingc 17,882 (72) 2601 (22) 1488 (35) 713 (13)

Geographic region, n (%)

Midwest 2367 (10) 2054 (18) 287 (7) 788 (15)

West 3956 (16) 1135 (10) 559 (13) 411 (8)

Northeast 8538 (35) 3407 (29) 1782 (42) 1584 (30)

South 9860 (40) 5047 (43) 1640 (38) 2480 (47)

Median household income, average $70,934 $59,905 $61,544 $56,640

Insurance plan type, n (%)

Commercial 17,858 (72) 2587 (22) 1479 (35) 705 (13)

Medicare 6863 (28) 9056 (78) 2789 (65) 4558 (87)

Charlson comorbiditiesd, n (%)

Charlson Comorbidity Index (CCI), mean (SD) 0.96 (1.82) 3.05 (2.76) 3.28 (2.41) 4.59 (2.69)

Chronic pulmonary disease 2447 (10) 2638 (23) 726 (17) 1327 (25)

Congestive heart failure 1064 (4) 2470 (21) 554 (13) 1492 (28)

Diabetes mellitus with chronic complicationse 1705 (7) 2890 (25) 1705 (40) 2890 (55)

Diabetes mellitus without chronic complicationse 4089 (17) 5016 (43) 4089 (96) 5016 (95)

Renal disease 1311 (5) 2677 (23) 768 (18) 1705 (32)

Diabetes-related comorbiditiesd, n (%)

Diabetes Complication Severity Index (DCSI), mean

(SD)

0.55 (1.20) 1.91 (1.93) 1.70 (1.86) 2.64 (2.09)

Cardiovascular disease 3700 (15) 5423 (47) 1520 (36) 2850 (54)

Nephropathy 1538 (6) 2923 (25) 1003 (24) 1969 (37)
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numerically higher mean CCI (4.59 vs. 3.28)
and DCSI (2.64 vs. 1.70) scores compared with
those with T2D who were not hospitalized
(Table 1). Increased prevalence of cardiovascular
disease (54% vs. 36%), nephropathy (37% vs.
24%), neuropathy (31% vs. 24%), and periph-
eral vascular disease (36% vs. 23%) was observed
for the people with T2D who were hospitalized
compared to those who were not (Supplemen-
tary Table S1). Similar trends were observed for
the overall population in terms of baseline
demographics and comorbidities (Table 1).

Among diabetes medications in the T2D
population, the largest proportion of individu-
als had a prescription fill for biguanides, which
was also higher among those who were not
hospitalized compared to those who were (51%
vs. 39%, Table 1). The proportion of individuals
who filled long- and intermediate-acting insu-
lins (26% vs. 16%) and short- and rapid-acting
insulins (19% vs. 10%) were higher among
hospitalized patients compared to those who
were not (Table 1).

Table 1 continued

Overall population Diabetes (T2D)a

Not hospitalized (N = 24,721) Hospitalized

(N = 11,643)

Not hospitalized

(N = 4268)

Hospitalized (N = 5263)

Neuropathy 1587 (6) 2013 (17) 1023 (24) 1646 (31)

Peripheral vascular disease 1566 (6) 2832 (24) 969 (23) 1901 (36)

Diabetes medications, n (%)

Biguanides 2183 (9) 2067 (18) 2183 (51) 2067 (39)

Sulfonylureas 794 (3) 1063 (9) 794 (19) 1063 (20)

Thiazolidinediones 179 (1) 204 (2) 179 (4) 204 (4)

GLP-1 receptor agonists 358 (1) 417 (4) 358 (8) 417 (8)

DPP-4 inhibitors 458 (2) 636 (5) 458 (11) 636 (12)

SGLT-2 inhibitors 324 (1) 262 (2) 324 (8) 262 (5)

Long- and intermediate-acting insulins 671 (3) 1361 (12) 671 (16) 1361 (26)

Short- and rapid-acting insulins 423 (2) 1006 (9) 423 (10) 1006 (19)

No diabetes medication fills 21,854 (88) 8064 (69) 1401 (33) 1684 (32)

Laboratory values

HbA1c value flag, n (%) 5643 (23) 2720 (23) 2069 (48) 1876 (36)

HbA1c average 6.0 6.7 7.0 7.2

Our dataset represents a subset of all SARS-CoV-2 testing and therefore cannot be used to determine the proportion of people infected with SARS-CoV-2

that were hospitalized

COVID-19 coronavirus disease-2019; DPP-4 dipeptidyl peptidase-4; GLP-1 glucagon-like peptide-1; HbA1c glycated hemoglobin; ICD-10 International

Classification of Diseases, Tenth Revision; N number of individuals; SARS-CoV-2 severe acute respiratory syndrome coronavirus-2; SD standard deviation;

SGLT-2 sodium-glucose cotransporter-2; T2D type 2 diabetes mellitus
a People with T2D are a subset of the overall population
b Others include Native American, other, and unknown race
c ‘‘Missing’’ is for all commercial individuals
d Comorbidities present in C 25% in at least one group
e The Charlson Comorbidity Index components Diabetes Mellitus Without Chronic Complications and Diabetes Mellitus with Chronic Complications

are coded by mutually exclusive sets of ICD-10 codes. However, the observed proportion of people with diabetes in each of these groups does not sum to

100% as some individuals had care encounters corresponding to both sets of ICD-10 codes during the observation period

Diabetes Ther (2021) 12:2223–2239 2229



Factors Associated with Hospitalization

For the overall population, age [odds ratio (OR):
1.05 95% confidence interval (CI): 1.05–1.05)]
and male sex (OR: 1.29; 95% CI 1.22–1.36) were
associated with significantly greater odds of
hospitalization, where each 1-year increase in
age was associated with a 5% increase in the
odds of COVID-19 hospitalization. Comorbidi-
ties such as T2D, chronic pulmonary disease,
congestive heart failure, dementia, paraplegia,
metastatic tumor, metabolic disease, and neu-
ropathy were associated with increased odds of
hospitalization, with a particularly pronounced
effect observed for dementia (OR: 2.42; 95% CI
2.20–2.67) and paraplegia (OR: 2.54; 95% CI
2.03–3.20) (Fig. 2a, Supplementary Table S3).

Among people with T2D, a similar trend was
observed compared to the overall population
except for liver disease, rheumatologic disease,
and cardiovascular disease, which either did not
remain in the model or were not significantly
associated. Among diabetes medications,
biguanides (OR: 0.78; 95% CI 0.71–0.86) were
associated with significantly lower odds of
hospitalization, while sulfonylureas (OR: 1.29;
95% CI 1.15–1.44), long-acting insulin (OR:
1.34; 95% CI 1.18–1.53), and short- and rapid-
acting insulin (OR: 1.31; 95% CI 1.12–1.53)
were found to be associated with greater odds of
hospitalization. Additional medications of
interest that remained in the model were anti-
coagulants/antiplatelets and immunosuppres-
sants, among which anticoagulants/
antiplatelets were associated with significantly
greater odds of hospitalization (OR: 1.26; 95%
CI 1.11–1.42) (Fig. 2a, Supplementary Table S3).

Factors Associated with Mortality

We identified 9622 people in the overall popu-
lation who were either discharged (n = 7717)
from the hospital or died (n = 1905) in the
hospital. Of those with T2D who were hospi-
talized, 4298 people were either discharged
(n = 3296) or died (n = 1002; Fig. 1). The
resulting model output after the stepwise back-
ward selection procedure is shown in Fig. 2b
and Supplementary Table S4.

In the overall hospitalized population, age
(OR: 1.04; 95% CI 1.03–1.04), male sex (OR:
2.02; 95% CI 1.81–2.25), and the Northeast
region (OR: 1.75; 95% CI 1.51–2.04) relative to
the Midwest were found to be significantly
associated with increased odds of mortality.
Significant comorbidities associated with mor-
tality included T2D, leukemia/lymphoma, car-
diovascular disease, nephropathy, and
peripheral vascular disease (Fig. 2b, Supple-
mentary Table S4).

In the case of the T2D population, a similar
trend was observed for demographic variables.
Significant comorbidities associated with mor-
tality included chronic pulmonary disease (OR:
1.41; 95% CI 1.19–1.66) and peripheral vascular
disease (OR: 0.79; 95% CI 0.67–0.93). Among
diabetes medications, short- and rapid-acting
insulins (OR: 1.21; 95% CI 1.00–1.45) were
found to be significantly associated with
increased odds of mortality (Fig. 2b, Supple-
mentary Table S4).

Subgroup and Sensitivity Analyses

Subgroup analyses performed using different
subgroups of the T2D study population pro-
vided similar results to that of the full T2D
population hospitalization model (Tables 2, S5).
Sensitivity analyses focused on hospitalization
because, as compared to the mortality models,
model fit was better and more medications were
significantly associated with hospitalization. In
a subset of the T2D study groups for which
HbA1c values were available, the HbA1c value
was identified as a significant factor associated
with hospitalization, where a one-unit increase
in HbA1c was associated with a 10% increase in
the odds of COVID-19 hospitalization (Table 2).
Diabetes medications remained significant risk
factors across all subgroups with ORs consistent
with the findings in the model for the full T2D
population, except the HbA1c subgroup where
sulfonylureas and short- and rapid-acting insu-
lins did not meet the threshold for significance.
Among people with T2D who filled a prescrip-
tion for a diabetes medication other than
biguanides, prescription for SGLT-2 inhibitors
emerged as an additional factor that was
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associated with lower odds of hospitalization
(Table 2).

Similarly, sensitivity analysis was performed
in the T2D study population for the hospital-
ization outcome using two different revised T2D
definitions and two different thresholds for days
of medication supply. These analyses provided
consistent results for the demographics,
comorbidities, and diabetes medications com-
pared to the hospitalization models for the full

T2D population and other subgroups. (Supple-
mentary Table S6).

Figure 3 summarizes the consistency of dia-
betes medication associations with COVID-19-
related hospitalization across all models for T2D
population; green shades indicate association
with lower odds of hospitalization, and orange
shades indicate association with greater odds of
hospitalization.

Fig. 2 Factors associated with (a) COVID-19 related
hospitalization and (b) mortality subsequent to COVID-
19 related hospitalization overall population and T2D
only. Example interpretation: Factors shown here with
both black and gray lines were chosen by backwards
selection for T2D only and overall population models,
respectively. For a selected factor, overlap in black and gray
lines and the position of mean odds ratio (dot in the
middle of a line) as above (OR[ 1) or below (OR\ 1)
the dashed line indicate that the magnitude and direction

of the factor’s association is consistent across T2D only
and overall population models. Factors with only one line
were either considered only in the corresponding model
(e.g., diabetes medication classes were only considered in
T2D only population models) or chosen by backwards
selection in one of the models (e.g., antihypertensives
remained only in the overall population model for
hospitalization outcome). COVID-19 coronavirus disease-
2019; n number of individuals; OR odds ratio; T2D type 2
diabetes mellitus
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DISCUSSION

The outbreak of COVID-19 rapidly became a
pandemic and caused a global health cri-
sis. Significant health effects (including death
and morbidity associated with hospitalization)
were observed and seemed to preferentially
affect older adults and those with comorbidities
[6–13]. Research has demonstrated that comor-
bidities such as diabetes are important risk fac-
tors contributing to COVID-19 outcomes
[14–16].

This study utilized a unique combination of
datasets within the UHG Clinical Discovery
Database, pairing historical medical and phar-
macy claims with more real-time COVID-19
inpatient admission data and SARS-CoV-2 lab-
oratory test data, to create a cohort of SARS-
CoV-2? individuals. We evaluated the

associations of COVID-19 hospitalization and
inpatient mortality with baseline demograph-
ics, comorbidities, and medications. Ultimately,
the model fits were better for hospitalization
than for in-hospital mortality, presumably
because of unmeasured hospitalization-related
factors (e.g., ventilation, treatment regimens).
Risk factors for hospitalization and mortality in
the overall population were generally consistent
with those identified among individuals with
T2D. In line with prior studies [5, 17], many of
the findings suggest that indicators of more
severe (or progressive) T2D were associated with
worse outcomes, for example, higher HbA1c
and use of diabetes medications typically used
later in disease progression (e.g., short- and
long-acting insulins).

Consistent with prior research [29–31] in the
T2D population, older age, male sex, higher

Fig. 2 continued
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Table 2 Factors associated with COVID-19-related hospitalization in people with T2D: Subgroup analysis outcomes

Factors Patients with available
HbA1c values

Users of at least one non-
biguanide diabetes medication

OR (95% CI) p value OR (95% CI) p value

Age 1.04 (1.03–1.05) \ 0.001 1.02 (1.02–1.03) \ 0.001

Sex, male 1.16 (1.00–1.33) 0.047 – –

Geographic region (base level: Midwest)

Northeast 0.23 (0.17–0.30) \ 0.001 0.31 (0.24–0.39) \ 0.001

South 0.64 (0.48–0.85) 0.002 0.66 (0.52–0.82) \ 0.001

West 0.40 (0.28–0.57) \ 0.001 0.33 (0.25–0.44) \ 0.001

Median household income (base level:\ $45,300)

$45,300–$60,600 0.82 (0.68–0.98) 0.028 0.82 (0.70–0.96) 0.016

$60,600–$83,100 0.90 (0.74–1.10) 0.314 0.88 (0.74–1.05) 0.163

$83,100–$250,000 0.70 (0.56–0.87) 0.002 0.66 (0.53–0.81) \ 0.001

Any malignancy including leukemia/lymphoma – – 1.24 (0.99–1.55) 0.060

Chronic pulmonary disease 1.25 (1.03–1.51) 0.021 1.16 (0.99–1.37) 0.068

Congestive heart failure 1.57 (1.25–1.98) \ 0.001 1.47 (1.24–1.76) \ 0.001

Dementia 2.06 (1.52–2.82) \ 0.001 1.76 (1.42–2.20) \ 0.001

Paraplegia 1.57 (0.91–2.79) 0.115 1.55 (1.04–2.36) 0.037

Myocardial infarction – – 0.62 (0.46–0.86) 0.003

Metastatic solid tumor 2.20 (1.08–4.71) 0.034 – –

Cardiovascular disease 1.19 (1.00–1.41) 0.055 – –

Metabolic disease 1.50 (1.04–2.21) 0.034 – –

Nephropathy 1.26 (1.06–1.50) 0.008 1.29 (1.12–1.49) \ 0.001

Neuropathy 1.26 (1.07–1.48) 0.005 – –

Biguanides 0.84 (0.72–0.97) 0.019 0.74 (0.65–0.85) \ 0.001

Sulfonylureas 1.18 (0.99–1.40) 0.068 1.19 (1.03–1.37) 0.019

SGLT-2 inhibitors – – 0.82 (0.68–0.99) 0.038

Long- and intermediate-acting insulins 1.34 (1.08–1.67) 0.008 1.30 (1.13–1.51) \ 0.001

Short- and rapid-acting insulins 1.21 (0.93–1.57) 0.152 1.31 (1.11–1.54) 0.001

Antiplatelets – – 1.24 (1.05–1.47) 0.011

Immunosuppressants – – 1.51 (0.92–2.57) 0.112

Other antihypertensivea 1.23 (1.07–1.42) 0.004 – –

Corticosteroids 1.21 (0.99–1.48) 0.061 – –

HbA1c value 1.10 (1.05–1.16) \ 0.001 – –
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HbA1c, established cardiovascular disease, and
impaired renal function were significantly
associated with increased hospitalization and
mortality. Here, a 1-year increase in age and
one-unit increase in HbA1c were associated
with a 3% and 10% increased risk for COVID-19
hospitalization, respectively. Together, results
of this study indicate that people with T2D who
also have comorbidities such as dementia,
metastatic tumor, congestive heart failure,
paraplegia, and metabolic disease are at ampli-
fied risk of COVID-19-related hospitalization.
Similar findings were observed in the overall
population. These findings are largely consis-
tent with Centers for Disease Control (CDC)
recommendations where people with cancer,
chronic pulmonary disease, heart failure, and
T2D are considered at increased risk of severe
illness from COVID-19 [32]. Also, dementia is
considered a condition that may increase risk
according to the CDC, which is consistent with
the findings of this study [32]. The consistency
of these findings should be taken into consid-
eration while planning population health risk
stratification strategies or targeted outreach
campaigns, particularly as vaccine prioritization

efforts are underway both nationally and
globally.

We attempted to isolate the effect of diabetes
medication classes to explore whether any
existing therapies could potentially play a role
in reducing COVID-19 severity. Among those
with T2D, biguanides were consistently associ-
ated with lower odds of hospitalization,
whereas sulfonylureas and insulins were asso-
ciated with greater odds of hospitalization
(Fig. 3). The observed associations for bigua-
nides and insulin are in line with recent studies
[5, 33, 34]. While the observed association
between these medications and hospitalization
may reflect diabetes disease severity, subgroup
analyses attempting to control for markers of
disease severity (e.g., restriction to a Medicare
Advantage population, controlling for HbA1c,
age, comorbidities) did not eliminate the asso-
ciation. Additionally, sensitivity analyses using
revised T2D definitions and varying durations
of medication use also resulted in consistent
findings. Only short- and rapid-acting insulins
showed a significant association with increased
in-hospital mortality (Supplementary Table S4),
which may be explained by longer diabetes

Table 2 continued

Factors Patients with available
HbA1c values

Users of at least one non-
biguanide diabetes medication

OR (95% CI) p value OR (95% CI) p value

Observations, n 3916 4641

Hospitalizations, n 1861 2767

R2 Tjurb 0.194 0.139

AUC 0.754 0.720

Example interpretation: A one-unit increase for HbA1c was associated with a 10% increase in the odds of being hospitalized
because of COVID-19. Variables that did not remain at the end of the backward selection process are marked using a
hyphen (–)
ACE angiotensin-converting enzyme; ARB angiotensin receptor blocker; AUC area under the curve; CI confidence interval;
COVID-19 Coronavirus Disease-2019; HbA1c glycated hemoglobin; OR odds ratio; SGLT-2 sodium-glucose cotransporter-
2; T2D type 2 diabetes mellitus
a Other antihypertensives include calcium-channel blockers and thiazide-like diuretics (i.e., any other first-line antihyper-
tensive medications beyond ACE inhibitors and ARBs)
b R2 Tjur metric provides the absolute value of difference between the average predicted probability of outcome for true
positive subjects and the average predicted probability of outcome for true-negative subjects. R2 Tjur is bounded between 0
and 1, and a value close to 1 implies a better model fit
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duration and/or presence of complications. To
date, there is limited evidence elucidating a
mechanism through which biguanides confer
benefit during SARS-CoV-2 infection. Preclinical
work in in vitro and animal models in non-
COVID-19 and non-SARS-CoV-2 disease models
suggests that biguanides could play a role in
immunologic function through AMPK and
mTOR pathways, though these mechanisms
remain poorly understood in humans generally
and in SARS-CoV-2 infection specifically
[35, 36]. Angiotensin receptor blockers (ARBs)

showed a significant association with increased
in-hospital mortality (Supplementary Table S4).
Observational studies of renin-angiotensin-al-
dosterone system inhibitors and association
with COVID-19 outcomes have tended to be
associated with neutral to reduced risk of
COVID-19 hospitalization or mortality rather
than increased risk as noted in our analyses
[37, 38]. However, most of the reviewed studies
were not exclusively examining a T2D popula-
tion, and limited prospective evidence on this
topic remains. It has also been suggested that

Fig. 3 Consistency of diabetes medication associations
with COVID-19-related hospitalization across all mod-
els for T2D only population. Example interpretations:
while still adjusting for baseline demographics, comorbidi-
ties, and other special interest medications for all subgroup
and sensitivity analysis models as selected by the backward
selection process, biguanides were consistently found to
have statistically significant association with lower odds of
hospitalization across all models. On the other hand, long-
and intermediate-acting insulin was consistently found to
have statistically significant association with greater odds of
hospitalization. Thiazolidinediones and GLP-1 receptor
agonists were never found to have statistically significant
associations with COVID-19-related hospitalization across
all models for T2D population. SGLT-2 inhibitors were
found to have statistically significant association with lower
odds of hospitalization only for the Subgroup 2 model
where the population is restricted to those individuals with
at least one prescription fill of a non-biguanide diabetes
medication. Subgroup 1: Included Race as an additional

predictor, which is available only for Medicare population.
Subgroup 2: Intention was to focus on a higher severity
diabetes group identified through medication categories.
Medicare and commercial combined. Subgroup 3: Inten-
tion was to utilize HbA1c as an additional predictor to
control for diabetes severity. Medicare and commercial
combined. Sample size decreased by about 60% (from
n = 9531 in full T2D population to n = 3916 in
Subgroup 3). Sensitivity analysis: Intention was to use a
more conservative diabetes definition to see whether
medication findings still hold. Current T2D definition
of T2D diagnosis claim date count[T1D diagnosis claim
date count still holds. Time period: Medical claims and
HbA1c data are from calendar year 2019; pharmacy claims
data are from the last 6 months of 2019. COVID-19
coronavirus disease-2019; DPP-4 dipeptidyl peptidase-4;
GLP-1 glucagon-like peptide-1; HbA1c glycated hemoglo-
bin; OR odds ratio; SGLT-2 sodium-glucose cotransporter-
2; T2D type 2 diabetes mellitus
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there may be an increased risk of COVID-19
mortality associated with patients receiving
long-term treatment with ARBs that is due to
the conditions associated with their use,
including diabetes, rather than the drugs
themselves [39]. Future research is needed that
directly accounts for duration of T2D in the
context of medication class effects.

Limitations

Findings in this retrospective cohort study are
subject to several limitations. The study popula-
tion contains only individuals with Medicare
Advantage and commercial insurance plans. The
SARS-CoV-2 laboratory tests are reported from
select facilities and third-party vendors. Because
it does not capture all outpatient tests, conclu-
sions regarding the prevalence of hospitalization
among different groups cannot be made.

Historical claims data are only available as
the billing cycle permits, often lagging by 3–6
months, which restricted the time periods to
identify medical diagnoses and pharmacy uti-
lization. Also, in this study, no observations
related to medication data were included before
hospitalization (January 1, 2020–March 1, 2020)
to ensure completeness of prior year medical
and pharmacy claims data and to minimize the
impact of pandemic-related reductions on 2020
care utilization in underestimating baseline
medication exposure and comorbidity history.
All events and comorbidities are limited to
individuals seeking care and subsequently bill-
ing through insurance. Current data sources do
not provide insight into in-hospital medica-
tions or treatment regimens, including ventila-
tor status or level of care (e.g., intensive care
unit), which are especially critical for mortality
modeling. We also note the limitation that the
data included in the study only covered up to
July 2020, which would not account for any
COVID-19 variants that have now emerged.

Pharmacy claims are limited to medications
filled through an individual’s insurance; there-
fore, medication information may be missing
for individuals who are paying fully out of
pocket for their medications. Notably, 32% of
people with T2D who were hospitalized in this

study did not have any observed diabetes med-
ication fill (Table 1), suggesting alternative
methods of obtaining prescriptions or reliance
on non-pharmacologic treatments like lifestyle
modifications. Also, presence of a pharmacy
claim is not equivalent to adherence.

Some important confounders of interest were
not either available or well coded in medical
claims data, such as diabetes duration and
severity, obesity (and BMI), smoking, certain
laboratory values of interest (e.g., eGFR), indi-
vidual level income, occupation andSARS-CoV-2
exposure risk, living situation, and other social
determinants of health. Regarding medication
class associations, the inability to adjust for some
of these confounders (e.g., diabetes duration)
was addressed through subgroup analyses,which
were used to attempt to control for markers of
disease severity, but did not eliminate the asso-
ciation. Sensitivity analyses using revised T2D
definitions and varying durations of medication
use also resulted in consistent findings (Fig. 3).
Additionally, race information was not available
for the commercial population. Due to the high
percentage of missingness, race was only con-
sidered in a subgroup analysis of the Medicare
population (Supplementary Material). Notably,
we did not control for several important pan-
demic confounders, such as time course and
varying mortality and hospitalization rates,
geographic trends, stay at home orders, and
testing availability. We did include adjustments
for renal function (severe renal disease from the
CCI, nephropathy from the DCSI) based on
claims-based measures (Table 1). Similarly, we
attempted to characterize obesity (Table 1) with
available claims-based evidence.

CONCLUSIONS

This is the first published study using a national
database in the US to evaluate the risk of
COVID-19 hospitalization and mortality among
people with T2D. The study highlights the link
between T2D and increased morbidity and
mortality related to COVID-19, where patients
with multiple chronic illnesses (e.g., dementia,
metastatic tumor, congestive heart failure,
paraplegia, and metabolic disease), male sex,
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and advanced age appear to be at highest risk.
While recognizing the potential for disease
progression confounding, biguanides usage was
consistently associated with lower odds of hos-
pitalization, whereas sulfonylurea and insulin
usage were associated with higher odds of hos-
pitalization. The findings were robust, remain-
ing largely consistent across multiple sensitivity
analyses. Findings of this study further support
known at-risk populations and can help guide
risk stratification efforts across population
health strategies (e.g., vaccine prioritization or
targeted outreach campaigns).
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