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OBJECTIVE

To determine the respective associations of premorbid glucagon-like peptide-1
receptor agonist (GLP1-RA) and sodium–glucose cotransporter 2 inhibitor
(SGLT2i) use, compared with premorbid dipeptidyl peptidase 4 inhibitor (DPP4i)
use, with severity of outcomes in the setting of severe acute respiratory syn-
drome coronavirus 2 (SARS-CoV-2) infection.

RESEARCH DESIGN AND METHODS

We analyzed observational data from SARS-CoV-2–positive adults in the National
COVID Cohort Collaborative (N3C), a multicenter, longitudinal U.S. cohort (Janu-
ary 2018–February 2021), with a prescription for GLP1-RA, SGLT2i, or DPP4i
within 24 months of positive SARS-CoV-2 PCR test. The primary outcome was 60-
day mortality, measured from positive SARS-CoV-2 test date. Secondary out-
comes were total mortality during the observation period and emergency room
visits, hospitalization, and mechanical ventilation within 14 days. Associations
were quantified with odds ratios (ORs) estimated with targeted maximum likeli-
hood estimation using a super learner approach, accounting for baseline
characteristics.

RESULTS

The study included 12,446 individuals (53.4% female, 62.5% White, mean ± SD
age 58.6 ± 13.1 years). The 60-day mortality was 3.11% (387 of 12,446), with
2.06% (138 of 6,692) for GLP1-RA use, 2.32% (85 of 3,665) for SGLT2i use, and
5.67% (199 of 3,511) for DPP4i use. Both GLP1-RA and SGLT2i use were associated
with lower 60-day mortality compared with DPP4i use (OR 0.54 [95% CI
0.37–0.80] and 0.66 [0.50–0.86], respectively). Use of both medications was also
associated with decreased total mortality, emergency room visits, and
hospitalizations.

CONCLUSIONS

Among SARS-CoV-2–positive adults, premorbid GLP1-RA and SGLT2i use,
compared with DPP4i use, was associated with lower odds of mortality and
other adverse outcomes, although DPP4i users were older and generally
sicker.
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Diabetes is one of the comorbidities
most strongly associated with severe
coronavirus disease 2019 (COVID-19) in
the U.S. (1). Data from early in the pan-
demic suggested approximately two
times greater risk of death among indi-
viduals with type 2 diabetes compared
with the risk for those without (2), as
well as a greater risk of requiring hospi-
talization and intensive care (3,4).
Two classes of antihyperglycemic medi-

cations, glucagon-like peptide 1 receptor
agonists (GLP1-RA) and sodium–glucose
cotransporter 2 inhibitors (SGLT2i), have
been associated with a reduction of cardi-
orenal events and mortality in large trials
of cardiovascular outcomes (5–8), heart
failure (9,10), and renal outcomes (11,12)
in populations at high risk of cardiorenal
events. Benefits associated with these
medications appear most pronounced
among individuals with type 2 diabetes and
comorbid cardiovascular disease, heart fail-
ure, chronic kidney disease, and obesity
(1,2,4,13,14), conditions that also incur the
highest risk for severe COVID-19. Addition-
ally, plausible mechanisms for the protec-
tive effects of GLP1-RA and SGLT2i in
COVID-19, independent of their glycemic
effects, have been speculated (15,16).
Yet, it is not known how the use of

new antihyperglycemic medications is
associated with severity of COVID-19.
Therefore, our objective was to charac-
terize the association of premorbid use
of GLP1-RA and SGLT2i with COVID-19
outcomes. The study hypothesis was that
use of both classes of medications would
be associated with improved outcomes in
the setting of COVID-19 infection. Charac-
terizing these associations among individuals
with type 2 diabetes may reveal interven-
tional strategies to improve outcomes for a
population at high risk for COVID-19–associ-
ated mortality. We selected individuals using
dipeptidyl peptidase 4 inhibitors (DPP4i) as a
comparator group because DPP4i, like the
GLP1-RA and SGLT2i, are branded products
that can be considered for second-line use
after the initiation of metformin (17) and
have been used in other real-world analyses
to reduce the potential for confounding by
clinical indication or socioeconomic status
(18).

RESEARCH DESIGN AND METHODS

Study Design and Population
We analyzed data from a cohort study
using COVID-19 data from health care

systems across the U.S. contributing to
the National COVID Cohort Collabora-
tive (N3C) (19). The N3C cohort includes
individuals with any encounter after 1
January 2020 and one or a combination
of more than one of a set of severe
acute respiratory syndrome coronavirus 2
(SARS-CoV-2) laboratory tests, predefined
based on diagnostic codes as defined by
the N3C phenotype definition team (20,21).
For individuals included in N3C, the

data set includes electronic health
record (EHR) data from the same health
system beginning 1 January 2018. In con-
trast to many COVID-19 data resources,
the N3C data set encompasses individual-
level data contributed by clinical sites
across the U.S. The data set continues to
grow as new individuals and institutions
are added.
The University of North Carolina at

Chapel Hill Office of Human Research
Ethics determined that the research pro-
tocol did not constitute human subjects
research (19). The study protocol was
registered with the European Network of
Centres for Pharmacoepidemiology and
Pharmacovigilance (ENCePP) on 5 Octo-
ber 2020 (no. 37860).
Individuals were included in the study

if they were at least 18 years of age in
2020 with a positive SARS-CoV-2 PCR
test and at least one ambulatory pre-
scription of an antihyperglycemic medi-
cation of interest (GLP1-RA, SGLT2i, or
DPP4i [according to the ATC codes listed
in Supplementary Table 1]) in the 24
months preceding the SARS-CoV-2 PCR
test. Information about drug prescrip-
tions was based on information that
captures prescriptions that were written
or renewed during ambulatory visits
and does not reflect dispensing. We
excluded individuals with a history of
both DPP4i and SGLT2i/GLP1-RA pre-
scriptions within the previous 24
months of positive SARS-CoV-2 PCR
test, i.e., concurrent use of DPP4i and
either GLP1-RA or SGLT2i. Subjects on
both GLP1-RA and SGLT2i contributed
to both exposure arms. A total of 1,422
individuals had concurrent use of GLP-1RA
and SGLT2i. We defined comorbidities
based on the individual categories of dis-
eases or diagnoses used to generate the
updated Charlson Comorbidity Index (22).
There were no inclusion criteria pertaining
to diabetes diagnosis.

Measures, Definitions, and Outcomes
We defined the index date for each
individual as the date of the first posi-
tive SARS-CoV-2 PCR test. The primary
outcome was mortality within 60 days
of any positive SARS-CoV-2 PCR test.
Secondary outcomes were mortality
during any time after index date (total
mortality) and emergency room visits,
hospitalization, and mechanical ventila-
tion (i.e., intubation or ventilation)
within 14 days of any positive SARS-
CoV-2 PCR test. Compared with that for
the other outcomes, the observation
period for total mortality will vary
between individuals, depending on the
date of positive PCR test relative to the
date of data release. All outcome
assessments were consistent with a
2020 consensus statement on common
outcome measures for COVID-19 clinical
research (23).
Medical history and demographics

were identified with use of all available
data prior to the index date. Drug expo-
sure were assessed with data from up
to 24 months prior to the index date.
Continuous variables, such as laboratory
measurements and BMI, were also
assessed with data from up to 24
months prior to the index date, with
use of the most recent measurement.

Statistical Analysis
We conducted analyses in the order
specified in the study protocol and as
prespecified after the accrual of at least
150 deaths in the GLP1-RA and DPP4i
populations pooled. Analyses were con-
ducted on the N3C data with release
dated 23 February 2021.
Baseline characteristics were summa-

rized according to medication use with
standardized mean differences (SMD)
before and after propensity score
weighting (PSW). Crude proportions for
the primary and secondary outcomes
were summarized.
To determine the association of GLP-1

RA and SGLT2i with outcomes, we used
targeted maximum likelihood estimation
(TMLE), using a super learner approach
(24,25), as the primary statistical analysis
method. TMLE is a semiparametric double
robust method that improves the chance
of correct model specification by allowing
for flexible estimation using nonparametric
machine learning methods for both the
outcome and exposure model. The TMLE
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uses the propensity scored exposure arms
in the outcome model.
A sensitivity analysis examined inverse

probability treatment weighted (IPTW)
logistic regression using propensity scores.
As prespecified in the protocol, stabilized
weights were truncated at the 5% and
95% percentile, and covariates with SMD
>0.1 after PSW were included in the out-
come model. Both methods account for
the baseline characteristics indicated in
Table 1. In the case where the PSW expo-
sure arms are not well-balanced, the
TMLE produces larger SEs than the IPTW
method. In addition to crude summaries,
primary and secondary outcomes were
also summarized after PSW.
For assessment of residual confound-

ing relating to age and estimated glomer-
ular filtration rate (eGFR), the primary
and secondary analyses were repeated
post hoc on an age-restricted cohort
including only individuals aged 45–80
years and an eGFR-restricted cohort
including only individuals with eGFR $45
mL/min/1.73 m2. Both estimation proce-
dures (i.e., TMLE and IPTW) were tested
in the post hoc restricted cohorts.
As specified in the study protocol,

missing values in continuous covariates
were imputed based on an individual’s
medication arm, sex, and age with a lin-
ear regression model. Categorical covari-
ates were imputed based on the
majority category within the individual’s
medication arm. To evaluate the impact
of imputing missing data in covariates,
we performed a sensitivity analysis using
only sex and age as covariates, which
were, by definition, fully observed. Indicator
variables for whether the individual has
missing covariate information was also
included in the TMLE model, which will
induce wider confidence intervals if the
information is missing not at random.
Significance testing was based on a

5% level. All analyses were done with
Palantir Foundry hosted within the N3C
Data Enclave, a cloud-based FedRAMP
moderate-security enclave (19). Foundry is
built on an Apache Spark back end, and
analysis for this study was done with
Python 3.6 and R 3.5.1. Statistical modeling
was done with the tmle, ipw, and survey R
packages.

RESULTS

As of 23 February 2021, there were
3,453,825 individuals across 42

contributing sites in the N3C database,
including 629,242 with COVID-19. Of
these, 12,446 individuals from 35 con-
tributing sites were eligible for inclusion
in the analyses (Supplementary Fig. 1).
Crude and weighted baseline informa-
tion is presented in Table 1 with SMD
for weighted characteristics. Of the
study population, 62.5% was White and
53.4% female, and mean ± SD age was
58.6 ± 13.1 years. The individuals in the
DPP4i exposure arm were older and
had a lower BMI than the individuals
in the GLP1-RA and SGLT2i subgroups
(age 64 years vs. 56 and 58 years,
respectively, and BMI 33 kg/m2 vs.
37 and 35 kg/m2). For DPP4i there
were also higher proportions of individ-
uals with chronic kidney disease or
end-stage renal disease, myocardial
infarction, congestive heart failure, can-
cer, dementia, or stroke and there was
a slightly lower use of insulin. After
PSW, the exposure populations were
comparable (Table 1). The distribution
of the truncated propensity scores used
in the model is shown in Supplementary
Fig. 2.
The crude 60-day mortality rate in all

individuals in the study was 3.11% (387
of 12,446) and differed according to class
of premorbid medication use: 2.06%
(138 of 6,692) and 2.32% (85 of 3,665)
for individuals prescribed GLP1-RA and
SGLT2i, respectively, and 5.67% (199 of
3,511) for individuals prescribed DPP4i
(Table 2). Total mortality rate over the
observation period was 2.29% (153 of
6,692) and 2.48% (91 of 3,665) for indi-
viduals prescribed GLP1-RAs and SGLT2i
and 6.18% (217 of 3,511) for individuals
prescribed DPP4i. The other crude
secondary outcomes, including the pro-
portion of emergency room visits, hospi-
talizations, and mechanical ventilation
within 14 days of a positive SARS-CoV-2
test, are shown in Table 2. The primary
and secondary outcomes after PSW are
shown in Supplementary Table 2. After
PSW, the 60-day mortality and total mor-
tality in individuals prescribed GLP1-RA
was 2.31% (149 of 6,475) and 2.58%
(167 of 6,475), respectively, versus
4.86% (154 of 3,175) and 5.33% (169 of
3,175) in individuals prescribed DPP4i
(Supplementary Table 2). The weighted
60-day mortality and total mortality
rate was 2.70% (95 of 3,504) and 2.87%
(100 of 3,504) for individuals prescribed
SGLT2i vs. 4.74% (163 of 3,445) and

5.18% (178 of 3,445) for individuals pre-
scribed DPP4i (Supplementary Table 2).
The results from the TMLE and IPTW

analyses are presented as odds ratios
(ORs) with 95% CIs in Fig. 1. Crude ORs
for the same cohort are shown in
Supplementary Table 3. The following
results are reported from the TMLE analy-
ses. Compared with DPP4i users, GLP1-RA
users had lower odds of 60-day mortality
(OR 0.54 [95% CI 0.37, 0.80]). The esti-
mated risk difference in 60-day mortality
between GLP1-RA and DPP4i use was
�0.020 (95% CI �0.035, �0.0044), or 2.0
fewer deaths per 100 COVID-19 cases.
GLP1-RA use was also associated

with lower odds relative to DPP4i use of
total mortality (OR 0.56 [95% CI 0.39,
0.82]) and emergency room visits (OR
0.81 [95% CI 0.69, 0.96]), hospitalization
(OR 0.73 [95% CI 0.62, 0.87]), and
mechanical ventilation (OR 0.73 [95% CI
0.55, 0.97]) within 14 days of COVID-19
diagnosis.
Similar to GLP1-RA use, SGLT2i use

showed lower odds of 60-day mortality
relative to DPP4i use (OR 0.66 [95% CI
0.50, 0.86]). The estimated risk difference
in 60-day mortality between SGLT2i and
DPP4i use was �0.016 (95% CI �0.026,
�0.0057), or 1.6 fewer deaths per 100
COVID-19 cases. SGLT2i use was associ-
ated with lower odds of total mortality
(OR 0.63 [95% CI 0.49–0.82]), emergency
room visits (OR 0.90 [95% CI 0.81, 0.998])
and hospitalization (OR 0.82 [95% CI 0.73,
0.91]) within 14 days of COVID-19 diagno-
sis. The odds of mechanical ventilation
were not significantly different between
SGLT2i and DPP4i use. Effect estimates
generated from the IPTW analyses were
consistent with TMLE estimates (Fig. 1).
The post hoc restricted cohort analyses

(age 45–80 years and eGFR $45 mL/min/
1.73 m2)) yielded consistent effect esti-
mates, with wider CIs reflecting smaller
populations (Supplementary Table 4).
Results from the sensitivity analysis in the
full population, with adjustment only for
age and sex, were also consistent with the
main analysis (Supplementary Table 3).

CONCLUSIONS

Emerging evidence from the COVID-19 pan-
demic suggests that individuals with type 2
diabetes comprise a significant portion of
the affected population and are at higher
risk for severe outcomes including hospitali-
zation and death (1,2). Due to the lack of a
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large cohort for evaluation, whether and
how premorbid antihyperglycemic medica-
tion use may impact COVID-19–related
outcomes have remained unclear. We
examined these associations using N3C, a
real-world U.S. database supporting the
conduct of reproducible, transparent sci-
ence investigating hypotheses in connection
with COVID-19. Among adults with COVID-
19, both GLP1-RA and SGLT2i use were
associated with lower 60-day mortality
compared with DPP4i use, as well as
decreased total mortality, emergency room
visits, and hospitalizations. GLP1-RA use
was also associated with decreased odds of
mechanical ventilation. Effect estimates
were consistent across different statistical
estimation strategies. In this analysis, DPP4i
were selected as an active comparator
because they are branded agents that have
been well studied with minimal other clini-
cal effects of concern, are among the five
second-line therapies with prevalent use
(17), and were recently suggested as an
optimal comparator as a relatively newer
agent among second-line therapies (18).
To date, investigations of potential

COVID-19 risk factors have provided
insights into individual characteristics
that may increase the risk for poorer
COVID-19–associated outcomes, such as
age, race/ethnicity, socioeconomic status,
obesity, and patterns of comorbidities
(1,4,13,26). Meanwhile, the results from
observational data on the impact of diabe-
tes-related medications in the setting of
COVID-19 have yielded mixed findings. For
example, DPP4 inhibition garnered early
interest as a target for the reduction of
coronavirus infection severity via several
potential mechanisms including decreased
viral entry and immunomodulation (27). In
the European Coronavirus SARS-CoV-2 and
Diabetes Outcomes (CORONADO) study
no associations were found between
DPP4i and COVID-19 outcomes among
individuals with diabetes in multivariate
analyses (28). In an analysis of inpatient
data from Wuhan, China, no association
was found of glucose-lowering medications
including metformin, insulin, secreta-
gogues, or DPP4i with in-hospital mortality
(29). Smaller observational COVID-19 stud-
ies from Europe and Asia suggested either
benefits or no difference in mortality and
other adverse outcomes with DPP4i ther-
apy (28,30–32). For example, a series of
studies from northern Italy suggested that
premorbid use of DPP4i (30) and inpatient
treatment with DPP4i in the setting of

severe COVID-19 infection (31) were asso-
ciated with reduced mortality, with similar
trends reported from South Korea (33).
Together, the potentially discrepant findings
from observational studies underscore the
need for confirmation via nonexperimental
studies with a new user design as well as
trial designs (34).
GLP1-RA have established anti-inflam-

matory effects, and preclinical studies indi-
cate that GLP1-RA reduce cytokine
production and lung inflammation (27).
SGLT2i also may exert anti-inflammatory
effects via increased fat utilization, shifts in
energy metabolism, increases in hemato-
crit, selective reduction of interstitial vol-
ume with minimal changes in blood
volume, and maintenance of cytosolic pH
(16,35). In addition, both SGLT2i and
GLP1-RA are associated with reduced risk
of cardiovascular events and chronic
kidney disease progression in patients
at high risk (14), a population associated
with higher mortality in individuals with
COVID-19 (2). A recent population-based
cohort study in Denmark compared the
association of GLP1-RA and DPP4-i use
and COVID-19 outcomes with that of
SGLT2i use and COVID-19 outcomes
and found that the use of incretin-based
therapies was not associated with
improved clinical outcomes (36), although
statistical power was limited by a small
sample size.
The research findings should be inter-

preted with the limitations of the study
in mind. The main limitation of the study
involves comparisons by prevalent drug
prescribing rather than by drug initiation.
This limits the causal interpretation of
our findings as well as the validity of
confounding control, e.g., by HbA1c,
since these measures are already
affected by prior treatment (37).
We observed large differences in char-

acteristics, including age and comorbid-
ities, across treatment cohorts, with
DPP4i users being older and generally
sicker than the other two groups. Ana-
lytic methods to account for measured
differences in these individual patient
characteristics led to considerable atten-
uation of the ORs for both GLP1-RA and
SLGT2i. Residual confounding due to, for
example, severity of comorbidities or
unmeasured confounding could still bias
our results, with the true OR being even
closer to the null. The post hoc analyses
in age-restricted cohorts, in which the
difference in mean age between the
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DPP4i group versus the GLP1-RA or
SGLT2i group was <1 year after PSW
(age 60.6 vs. 61.6 years for GLP1-RA vs.
DPP4i, respectively, and 61.4 vs. 62.0
years for SGLT2i vs. DPP4i), suggest that
associations with mortality were robust,
particularly for GLP1-RA users compared
with DPP4i users (Table 3). Finally, the
results may be impacted by population
differences reflecting the fact that DPP4i
may be used in patients with chronic kid-
ney disease and that the combination of
major comorbidities was more frequent
among DPP4i users than among the GLP-
1RA or SGLT2i users. In the post hoc
analyses in an eGFR-restricted cohort,
with the aim of capturing a population
with moderate-to-good renal function,
point estimates were consistent with the
main analyses, although the smaller
cohorts were not adequately powered
for statistical significance.

The results of this observational anal-
ysis may also be biased by factors that
are difficult to measure and include in
the analysis. In particular, GLP1-RA are
more expensive than either of the other
medications; unfortunately, data on
socioeconomic status were not available
for use in the current study, which rep-
resents a significant limitation of the
data set. Other potential unmeasured
confounders include differences in pre-
scribing patterns across different care
settings (i.e., primary care versus aca-
demic medical centers), variable delays
in seeking treatment, heterogenous
COVID-19 treatment protocols or thera-
pies across different care settings and in
different regions of the U.S., and differ-
ential clinical trajectories such as hyper-
glycemia or glycemic variability during
infection, which may in turn influence
outcomes (38).

There are several other limitations
to the study. The COVID-19 diagnosis
code does not represent a standardized
time point in the clinical course, due to
heterogeneity in timing of testing and
assignment of COVID-19 diagnosis,
which may contribute to heterogeneity
in COVID-19 disease progression at the
index date among individuals in the
study. Individuals may be lost to follow-
up; yet, underreporting of outcomes is
expected to be independent of antihy-
perglycemic medication drug use with
limited bias. The study population was
defined by prescription of antihypergly-
cemic medication rather than diabetes
ICD-10 code. Since EHR data, including
diagnoses, prescriptions, and proce-
dures, are only available when the indi-
vidual is seen by a provider who
contributes to the EHR system, any
services conducted by providers exter-
nal to the contributing EHR systems
were not captured. This may limit data
on outpatient diabetes regimens for
new patient encounters. Although
hospitalization rates were generally con-
sistent with previously reported data
(39), it is possible that some of the
hospitalization events were not COVID-
19 related; this limitation is partially
addressed by the inclusion of other out-
comes that are highly specific to COVID-
19 such as mechanical ventilation. Per
protocol, we did not consider compari-
sons with other antihyperglycemic
medications, such as metformin mono-
therapy, and the study was not
designed to assess interactions between
different medications, such as how met-
formin may have enhanced associations
of GLP1-RA or SGLT2i with improved
outcomes. Finally, EHR data provide evi-
dence of whether a drug was

Table 2—Crude primary and secondary outcomes according to premorbid medication use

All (N 5 12,446) GLP1-RA users (N 5 6,692) SGLT2i users (N 5 3,665) DPP4i users (N 5 3,511)

60-day mortality, E (%) 387 (3.11) 138 (2.06) 85 (2.32) 199 (5.67)

Total mortality, E (%)* 423 (3.40) 153 (2.29) 91 (2.48) 217 (6.18)

Emergency room visit, E
(%)†

3,878 (31.16) 1,930 (28.84) 1,074 (29.30) 1,285 (36.60)

Hospitalization, E (%)† 3,163 (25.41) 1,465 (21.89) 851 (23.22) 1,172 (33.38)

Mechanical ventilation
(intubation or
ventilation), E (%)†

827 (6.64) 387 (5.78) 226 (6.17) 300 (8.54)

E, number of outcome events (first event only); N, total number of individuals; %, proportion of individuals with the outcome. *During the
observation period. †Within 14 days after a positive SARS-CoV-2 test.

Figure 1—Forest plot depicting ORs for primary and secondary outcomes for patients with a
COVID-19 diagnosis and prescription of a GLP1-RA, SGLT2i, or DPP4i, with TMLE (6) and IPTW
(C). A: ORs for GLP1-RA vs. DPP4i. B: ORs for SGLT2i vs. DPP4i. *Within 60 days after positive
SARS-CoV-2 test. †During the observation period. ‡Within 14 days after positive SARS-CoV-2
test.



prescribed—not whether the drug was
reliably taken over time. The issue of
unknown medication adherence may be
particularly important in the setting of a
pandemic, during which time economic
or other disruptions may augment the
challenges of daily adherence. ORs as a
measure of association have limitations
in the setting of IPTW. The N3C data-
base is an evolving resource; the sample
size is currently doubling every 4–6
weeks, and there are efforts to incorpo-
rate claims data and social determinants
of heath. In the future, we hope to be
able to address these limitations and
potential residual confounding further.
However, the overall effect sizes
reported herein are large and robust to
various analytic strategies and subgroup
analyses, suggesting a potentially clini-
cally relevant result.
There are several strengths of the

study. The study population is geographi-
cally dispersed in the U.S. and demo-
graphically diverse, reflecting the impact
of the pandemic on the nation. Cur-
rently, no diabetes-specific interventions
are known to reduce the risk of a severe
outcome of COVID-19, beyond the rec-
ommendations for the general popula-
tion (3). This preliminary evidence for an
association of antihyperglycemic medica-
tion use with COVID-19–related mortality
and morbidity may be explored in the
context of other infectious diseases or
patient populations in the future. These

data add to existing evidence for individ-
ual factors associated with risk for unfa-
vorable outcomes.
A randomized global phase 3 trial of

SGLT2i in the setting of diabetes and
COVID-19 is currently ongoing and is
expected to generate definitive data
(Dapagliflozin in Respiratory Failure
in Patients With COVID-19 [DARE-19],
clinical trial reg. no. NCT04350593,
ClinicalTrials.gov). A small prospective
open-label blinded-evaluation study of
semaglutide in COVID-19 is being con-
ducted in Canada (Semaglutide to Reduce
Myocardial Injury in PATIents With
COVID-19 [SEMPATICO], NCT04615871).
Given evidence from retrospective analy-
ses, several randomized trials are planned
or have been initiated to investigate the
role for DPP4i, as well (NCT04542213,
NCT04371978, NCT04341935, and NCT0
4365517).
In conclusion, this study provides evi-

dence for antihyperglycemic medication
class–based differences in COVID-19
outcomes, where premorbid GLP1-RA
or SGLT2i prescribing is associated with
lower mortality and other adverse clini-
cal outcomes in the setting of a COVID-
19 diagnosis as compared with DPP4i
prescribing.
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Table 3—ORs in age-restricted cohort for 60-day mortality and secondary outcomes

Model GLP1-RA vs. DPP4i use SGLT2i vs. DPP4i use

60-day mortality Crude 0.44 (0.34–0.56) 0.45 (0.34–0.59)
TMLE 0.59 (0.36–0.97) 0.69 (0.52–0.92)
IPTW 0.52 (0.40–0.68) 0.60 (0.44–0.80)

Total mortality‡ Crude 0.44 (0.35–0.55) 0.44 (0.33–0.57)

TMLE 0.60 (0.38–0.96) 0.67 (0.51–0.88)
IPTW 0.53 (0.41–0.69) 0.58 (0.43–0.77)

Emergency room visit§ Crude 0.79 (0.72–0.87) 0.78 (0.70–0.87)

TMLE 0.88 (0.74–1.04) 0.95 (0.85–1.07)
IPTW 0.89 (0.80–1.00) 0.90 (0.80–1.00)
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Mechanical ventilation
(intubation or ventilation)§
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TMLE 0.77 (0.55–1.09) 0.95 (0.77–1.17)
IPTW 0.79 (0.65–0.95) 0.87 (0.71–1.07)

Data are OR (95% CI). The age-restricted cohort included only individuals age 45–80 years (5,341 GLP1-RA users, 3,130 SGLT2i users, and
2,867 DPP4i users). TMLE: primary analysis. IPTW: sensitivity analysis. ‡During the observation period. §Within 14 days after a positive SARS-
CoV-2 test.
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