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BACKGROUND Emerging data suggest that glucagon-like peptide-1 receptor agonists (GLP-1 RAs) improve kidney

outcomes for people with type 2 diabetes (T2D). Direct comparisons of the kidney and cardiovascular effectiveness of

GLP-1 RA with sodium-glucose cotransporter 2 inhibitors (SGLT2i), a first-line therapy for this population, are needed.

OBJECTIVES The authors compared kidney and cardiovascular outcomes for new users of SGLT2i and GLP-1 RAs

with T2D.

METHODS Using propensity score overlap weighting, we analyzed electronic health record data from 20 U.S. health

systems contributing to PCORnet between 2015 and 2020. The primary kidney outcome was a composite of sustained

40% estimated glomerular filtration rate (eGFR) decline, incident end-stage kidney disease, or all-cause mortality over

2 years or until censoring. In addition, we examined cardiovascular and safety outcomes.

RESULTS The weighted study cohort included 35,004 SGLT2i and 47,268 GLP-1 RA initiators. Over a median of 1.2

years, the primary outcome did not differ between treatments (HR: 0.91; 95% CI: 0.81-1.02), although SGLT2i were

associated with a lower risk of 40% eGFR decline (HR: 0.77; 95% CI: 0.65-0.91). Risks of mortality (HR: 1.08; 95% CI:

0.92-1.27), a composite of stroke, myocardial infarction, or death (HR: 1.03; 95% CI: 0.93-1.14), and heart failure

hospitalization (HR: 0.95; 95% CI: 0.80-1.13) did not differ. Genital mycotic infections were more common for SGLT2i

initiators, but other safety outcomes did not differ. The results were similar regardless of chronic kidney disease status.

CONCLUSIONS SGLT2i and GLP-1 RAs led to similar kidney and cardiovascular outcomes in people with T2D, though

SGLT2i initiation was associated with a lower risk of 40% eGFR decline. (Evaluating Comparative Effectiveness of

Empagliflozin in Type 2 Diabetes Population With and Without Chronic Kidney Disease; NCT05465317)
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AB BR E V I A T I O N S

AND ACRONYM S

CKD = chronic kidney disease

DPP4 = dipeptidyl peptidase-4

eGFR = estimated glomerular

filtration rate

ESKD = end-stage kidney

disease

GLP-1 RA = glucagon-like

peptide-1 receptor agonist

HFpEF = heart failure with

preserved ejection fraction

HFrEF = heart failure with

reduced ejection fraction

MACE = major adverse

cardiovascular events

PS = propensity score

SGLT2i = sodium-glucose

cotransporter 2 inhibitor

T2D = type 2 diabetes

UACR = urine albumin-to-

creatinine ratio
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K idney and cardiovascular disease remain life-
limiting complications of type 2 diabetes
(T2D).1-3 Placebo-controlled clinical trials

demonstrate kidney and cardiovascular benefits for
angiotensin-converting enzyme inhibitors,4,5 angio-
tensin receptor blockers,6 sodium-glucose cotrans-
porter 2 inhibitors (SGLT2is),7-11 glucagon-like
peptide-1 receptor agonists (GLP-1 RAs),12 and
more recently, a nonsteroidal mineralocorticoid re-
ceptor antagonist (ie, finerenone),13 in people with
T2D with chronic kidney disease (CKD). Consensus
guidelines recommend SGLT2is and GLP-1 RAs as
first- and second-line antiglycemic adjuncts to met-
formin, respectively, especially in people with
established kidney or cardiovascular disease.14,15

Despite some overlap, these therapies may exert
distinct cardiorenal effects. Both therapies improve
cardiovascular outcomes, but GLP-1 RAs primarily
reduce the risk of major adverse cardiovascular
events (MACE),16 whereas SGLT2is more substan-
tially decrease risk of heart failure hospitaliza-
tion.7,8 Both therapies also improve kidney
outcomes,9-12 although it remains unclear whether
GLP-1 RAs improve outcomes beyond albuminuria.17

Direct comparisons between these treatment options,
particularly in real-world rather than select and highly
curated randomized trial populations, could further
discern differences in the cardiorenal effects be-
tween these agents and potentially guide individu-
alized treatment decisions not captured by current
guideline recommendations.
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Clinical trials have not directly compared SGLT2is
and GLP-1 RAs, although network meta-analyses pro-
vide indirect comparisons for selected outcomes.18,19

Studies have also leveraged claims-based data to
compare the effectiveness of these 2 therapies. How-
ever, these studies were often limited by restrictive
populations (eg, Department of Veterans Affairs or
Medicare),20-25 small sample sizes,26,27 or
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noncontemporary data (ie, collected before
2016).23,24,28 Short of a randomized clinical
trial, the ideal cohort to assess the compara-
tive effectiveness of SGLT2is and GLP-1 RAs
should be large, contemporary, generalizable,
and capable of evaluating both kidney and
cardiovascular outcomes using real-world
data.

To discern the relative benefits of these 2
therapies, we analyzed electronic health
record-based data from 20 large U.S. health
systems participating in the National Patient-
Centered Clinical Research Network (PCOR-
net) to compare kidney and cardiovascular
outcomes between SGLT2i and GLP-1 RA ini-
tiators with T2D, in populations with and
without CKD.
METHODS

STUDY POPULATION. We collected elec-

tronic health record data from 20 U.S. health systems
that used the PCORnet common data model to map
clinical data.29 We focused on adult patients (age $18
years) with a T2D diagnosis who had been newly
prescribed either an SGLT2i or a GLP-1 RA between
January 1, 2015, and December 31, 2020. We collected
follow-up data through December 31, 2021. To define
T2D, we reviewed codes from the International Clas-
sification of Diseases, 9th and 10th Revisions in the
12 months before the initial prescription of SGLT2i or
GLP-1 RA (ie, the index date). To ensure clear
engagement within the respective health system, we
excluded patients with <12 months of data before the
index date or without a complete history of drug
prescriptions. Last, patients with a history of type 1
diabetes, polycystic kidney disease, prior kidney
transplant or dialysis requirement, an estimated
glomerular filtration rate (eGFR) <30 mL/min/1.73 m2,
or missing eGFR measurement within the 12 months
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before the prescription were excluded. We calculated
eGFR using the 2021 Chronic Kidney Disease Epide-
miology Collaboration (CKD-EPI) equation.
EXPOSURE AND CENSORING. The primary exposure
was the initial prescription of SGLT2i or GLP-1 RA
between January 1, 2015, and December 31, 2020. We
ensured participants had no prior record of prescrip-
tion for either drug class in the 12 months before the
index date. The list of all the medications considered
for this study is provided in Supplemental Table 1. We
began the follow-up period on the day after the index
date (ie, date of initiation of either SGLT2i or GLP-1
RA). Follow-up continued until the earliest of death,
date of study end (December 31, 2021), 12 months af-
ter the last observed prescription, or 2 years after the
index date. We also censored follow-up for known
episodes of contamination between groups (ie, GLP-1
RA prescription for SGLT2i initiators and SGLT2i
prescription for GLP-1 RA initiators).
OUTCOMES. The primary outcome consisted of a
composite kidney outcome of sustained 40% eGFR
decline, incident end-stage kidney disease (ESKD), or
all-cause mortality. Sustained eGFR decline required
2 creatinine measurements separated by at least
28 days. We defined incident ESKD as kidney trans-
plant, presence of a diagnosis or procedure related to
ESKD, 2 or more dialysis procedures or diagnoses
separated by at least 28 days, or a sustained
eGFR <15 mL/min/1.73 m2 (ie, 2 measurements sepa-
rated by at least 28 days). Mortality data were
collected from each contributing site using the
PCORnet common data model, including in-hospital
deaths or deaths recorded from state death regis-
tries. We also used the Datavant mortality data feed
to supplement these data, which incorporates a
privacy-preserving record linkage solution. The
Datavant solution draws on government sources such
as the U.S. Social Security Administration Death
Master File and private sources such as private obit-
uary feeds. It is updated weekly, providing more
recent and up-to-date information about deaths than
sources like the National Death Index.

Cardiovascular outcomes included hospitalization
for acute heart failure, either alone or in a composite
with all-cause mortality; a MACE composite outcome
of myocardial infarction, stroke, or all-cause mortal-
ity; and a MACE composite with the addition of cor-
onary revascularization. We also assessed safety
outcomes, including diabetic ketoacidosis, severe
hypoglycemia (hypoglycemia diagnosis associated
with emergency room visit or hospitalization), genital
mycotic infection, acute kidney injury requiring he-
modialysis, severe urinary tract infection, and urinary
tract cancer. All outcomes were prespecified before
data analysis. As a post hoc exploratory analysis, we
also compared the incidence of hyperkalemia
(defined as $5.5 mEq/L).

COVARIATES. Covariates for propensity score ana-
lyses were chosen a priori based on their potential
relationship to clinical outcomes or the propensity to
receive either SGLT2i or GLP-1 RA therapy, including
demographics, medical history, medications, comor-
bidities, and laboratory results (Supplemental
Tables 2 and 3). In addition, we included measures
of health care usage in the 12 months before the index
date, such as hospitalizations, emergency department
visits, office visits, and the number of select labora-
tory tests ordered. Several covariates were also
considered for subgroup analyses, including age (#65
vs >65 years), sex, prior cardiovascular event, heart
failure hospitalization in the 12 months prior, met-
formin use, and race. A treatment interaction with
continuous eGFR at index was evaluated among
those with CKD. We defined CKD based on
eGFR <60 mL/min/1.73 m2.

PROPENSITY SCORE MODELS. Overlap weighting
was used to maintain covariate balance across treat-
ment groups because this approach offers advantages
over propensity matching, including retention of
more participant data (no trimming was required
because the overlap weights were bound between
0 and 1) and the ability to maintain covariate balance
among subgroups. We applied post-LASSO overlap
weighting in the propensity score models to balance
covariates between the treatment groups. This
method creates a LASSO penalized regression model
with the covariates of interest, subgroup variables,
and all pairwise covariate-subgroup interactions then
model the treatment group as the outcome (GLP-1 RA
group as reference). The variables remaining after
LASSO regression were refit to a logistic model to
calculate the propensity score (PS) estimates to create
overlap weights (ie, PS for participants prescribed the
reference treatment [GLP-1 RA] and 1-PS for partici-
pants prescribed SGLT2i). We repeated models for
those with CKD and those without CKD to better
capture the diverging clinical rationales underlying
treatment decisions in these different populations.
We verified the effectiveness of overlap weighting by
ensuring the absolute standardized mean differences
between groups was <0.10 for all covariates.

STATISTICAL ANALYSIS. Baseline characteristics
were presented in the unweighted and weighted co-
horts, overall, by treatment group and by CKD status.
Categorical covariates are reported as frequencies,
and continuous covariates are presented as mean and
median (Q1-Q3).

https://doi.org/10.1016/j.jacc.2024.06.016
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We used Cox proportional hazards models to esti-
mate time to first event and presented weighted
incidence rates as number of first events per 1,000
patient-years of follow-up. For cause-specific pro-
portional hazards models, we censored follow-up at
the time of death to account for this competing risk.
To account for any potential kidney or cardiovascular
benefits of dipeptidyl peptidase-4 (DPP4) inhibitors,12

we included DPP4 inhibitor initiation during the
study period in the Cox models as a time-dependent
variable. Comparisons between SGLT2i and GLP-1
RA for these outcomes in the overall cohort and
CKD subgroups are presented as HRs with respective
95% CIs and P values. We confirmed the proportional
hazards assumption using weighted Schoenfeld
residuals.

To calculate eGFR slope by treatment group, we
used a linear mixed model with fixed effects for
treatment group, time, and the treatment*time
interaction. We included random effects for intercept
and slope by patient and applied an unstructured
covariance structure.

A sensitivity analysis using an intention-to-treat
approach in which participants were not censored
for lack of repeat prescriptions was performed. In
addition, a more stringent as-treated definition was
applied by restricting censoring due to discontinua-
tion at 6 months instead of 12 months following their
last prescription of SGLT2is or GLP-1 RAs. We also
repeated the assessment of eGFR decline using a
more stringent threshold of 57%. Last, we analyzed
whether presence of urine albumin-to-creatinine ra-
tio (UACR) measurement or the level of UACR signif-
icantly modified the associations between treatment
group and clinical outcomes.

SAMPLE SIZE. During study planning, we deter-
mined that a sample size of 14,000 per group and a
median of 18 months of follow-up would be adequate
to achieve at least 80% power to detect an HR
of #0.85 with incidence of the kidney primary
outcome of 30 per 1,000 patient-years in the refer-
ence cohort. The study, Evaluating Comparative
Effectiveness of Empagliflozin in Type 2 Diabetes
Population With and Without Chronic Kidney
Disease, was registered to clinicaltrials.gov
(NCT05465317). The Duke University Institutional
Review Board approved this study.

RESULTS

BASELINE CHARACTERISTICS. The study cohort
totaled 82,272 patients, including 35,004 (42.5%)
SGLT2i initiators and 47,268 (57.5%) GLP-1 RA
initiators (Figure 1). The baseline characteristics
before and after propensity score weighting are pre-
sented in Table 1. The median age was 59 years (Q1-
Q3: 50-67 years). Persons of non-White race
comprised 28.6% of the cohort. More than one-half of
the cohort were women (53.3%). The median hemo-
globin A1c was 8.2% (Q1-Q3: 7.2%-9.4%). CKD was
present in 19.6% of the cohort (Supplemental
Table 4). The median eGFR was 81.4 mL/min/1.73 m2

(Q1-Q3: 64.4-96.3 mL/min/1.73 m2). Of the 42% of
patients with UACR measured at baseline, the median
UACR was 16.3 mg/g (Q1-Q3: 8.0-48.6 mg/g).

Prescription information was similar between
treatment groups (Supplemental Table 5). For the
78.7% of patients with the number of refills indicated
on the index prescription, 24.8% of SGLT2i and 18.7%
of GLP-1 RA initiators received a prescription with no
refills, and 22.3% of SGLT2i initiators and 27.4% of
GLP-1 RA initiators received index prescriptions with
4 or more refills. The mean number of days between
the first and last prescription was 243.6 � 257.9 days
for SGLT2i initiators and 296.1 � 265.0 days for GLP-1
RA initiators.

KIDNEY OUTCOMES. The median follow-up time was
1.2 years (Q1-Q3: 1.1-2.0 years). The primary compos-
ite kidney outcome of 40% decline in eGFR, incident
ESKD, or mortality occurred in 3,074 patients over a
median follow-up time to first event or censoring of
445 days (Q1-Q3: 396-731 days). Risk for the primary
composite outcome did not differ between treatment
groups (HR: 0.91; 95% CI: 0.81-1.02) (Table 2, Central
Illustration). Among the individual components of
the composite primary outcome, SGLT2i initiation
was associated with lower risk of 40% eGFR decline
(HR: 0.77; 95% CI: 0.65-0.91), but risk for incident
ESKD (HR: 0.82; 95% CI: 0.61-1.11) and all-cause
mortality did not differ between treatment groups
(HR: 1.08; 95% CI: 0.92-1.27). The significant differ-
ence in the risk of eGFR decline persisted when we
increased the threshold to 57% (HR: 0.83; 95% CI:
0.71-0.97).

Risks for the primary composite outcome and the
individual components were mostly similar for the
subgroup with CKD (Table 3). The primary outcome
also did not differ across most prespecified subgroups
(Figure 2). However, SGLT2is were more strongly
associated with a reduction in the primary outcome in
participants of non-White and non-Black race (HR:
0.39; 95% CI: 0.20-0.74; P ¼ 0.03).

The eGFR slope for SGLT2i initiators was �2.35
mL/min/1.73 m2/y (95% CI: �2.50 to �2.20 mL/min/
1.73 m2/y) compared with �2.87 mL/min/1.73 m2/y
(95% CI: �3.00 to �2.74 mL/min/1.73 m2/y) for GLP-1
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https://doi.org/10.1016/j.jacc.2024.06.016
https://doi.org/10.1016/j.jacc.2024.06.016
https://doi.org/10.1016/j.jacc.2024.06.016


FIGURE 1 Consort Diagram for the Primary Study Cohort and Target Subgroups

Adult patients with T2DM, ≥1 prescription for
SGLT2i or GLP-1 RA, and ≥1 outpatient
visit between 1/1/2015 - 12/31/2020

N = 113,994

SGLT2i Initiators
N = 35,004

Primary Study Cohort
N = 82,272

Disqualifying event (n = 2,026)

No encounter or prescription in the prior 12 months
(n = 7,571)

eGFR missing or <30 mL/min/1.73 m2 in the prior
12 months (n = 20,722)
Censor date on or before index date (n = 1,403)

GLP-1 RA Initiators
N = 47,268

SGLT2i Initiators
n = 6,124

CKD Cohort
n = 16,111

GLP-1 RA Initiators
n = 9,987

SGLT2i Initiators
n = 28,880

Non-CKD Cohort
n = 66,161

GLP-1 RA Initiators
n = 37,281

Disqualifying diagnoses included type 1 diabetes, estimated glomerular filtration rate <30 mL/min/1.73 m2, prior dialysis, polycystic

kidney disease, or kidney transplantation. CKD ¼ chronic kidney disease; GLP-1 RA ¼ glucagon-like peptide-1 receptor agonist;

SGLT2i ¼ sodium-glucose cotransporter 2 inhibitor; T2DM ¼ type 2 diabetes.
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RA initiators reflecting a significant difference (treat-
ment*time P < 0.0001) (Table 4). SGLT2 inhiition was
also associated with a significantly superior eGFR
slope in both the CKD and non-CKD subgroups.

In sensitivity analyses, the differences in risk for
the primary outcome was no different between
groups in the intention-to-treat (ie, no censoring for
drug discontinuation) analysis (HR: 0.93; 95% CI:
0.85-1.02), whereas the cohort with more stringent
discontinuation censoring (ie, 6 months following last
prescription) demonstrated a significantly lower risk
of the primary outcome for SGLT2i initiators (HR:
0.86; 95% CI: 0.75-0.99) (Table 2). In addition,
whether UACR was measured at baseline did not
significantly modify the associations between treat-
ment group and the primary outcome (Supplemental
Table 6). The same was true for potential modifica-
tion by level of UACR (Supplemental Table 7).

CARDIOVASCULAR OUTCOMES. In the weighted
cohort, the risk of a composite cardiovascular
outcome of myocardial infarction, stroke, and all-
cause death did not differ between treatment
groups (HR: 1.03; 95% CI: 0.93-1.14) (Table 2). The
addition of coronary revascularization to the cardio-
vascular composite resulted in similar risk differences
compared with the original composite definition (HR:
1.01; 95% CI: 0.95-1.07). The risk of acute heart failure
hospitalization was also similar between groups,
either considered alone (HR: 0.95; 95% CI: 0.80-1.13)
or in a composite with all-cause mortality (HR: 1.03;
95% CI: 0.91-1.17). Cardiovascular outcomes also did
not differ by arm in the CKD subgroup (Table 3).

SAFETY OUTCOMES. Risk of diabetic ketoacidosis
(HR: 1.02; 95% CI: 0.73-1.43), severe hypoglycemia
(HR: 0.90; 95% CI: 0.75-1.09), urinary tract cancer
(HR: 0.80; 95% CI: 0.59-1.07), and severe urinary tract
infection (HR: 0.71; 95% CI: 0.36-1.40) did not differ
by treatment group (Table 2). Genital mycotic in-
fections were more common in SGLT2i initiators
(HR: 1.71; 95% CI: 1.61-1.82). Acute kidney injury
requiring dialysis (HR: 1.09; 95% CI: 0.64-1.86) was
also similar between SGLT2i and GLP-1 RA initiators.
Hyperkalemia did not differ between treatment
groups (HR: 1.02; 95% CI: 0.97-1.08).

https://doi.org/10.1016/j.jacc.2024.06.016
https://doi.org/10.1016/j.jacc.2024.06.016
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DISCUSSION

In this study of a large, diverse population with T2D
representing 20 U.S. health care systems, SGLT2i
initiation was not associated with lower risk of a
kidney composite including all-cause mortality or
cardiovascular outcomes relative to GLP-1 RA initia-
tion, although the incidence of 40% eGFR decline was
significantly lower in SGLT2i initiators. In addition,
total eGFR slope was superior for SGLT2i initiators.
However, the difference in the kidney composite
outcome was significant when the grace period to
censor for drug discontinuation was decreased from
12 months to 6 months. Genital mycotic infections
were more common in SGLT2i initiators, which is
consistent with the known safety profile for SGLT2is.
These associations were generally consistent across
sensitivity analyses and subgroups, including in-
dividuals with CKD at treatment initiation.

The benefits of SGLT2is on preservation of kidney
function relative to placebo have been well estab-
lished in people with T2D.8-11 The recently published
trial of the effects of semaglutide on CKD in patients
with T2D (FLOW [A Research Study to See How
Semaglutide Works Compared to Placebo in People
With Type 2 Diabetes and Chronic Kidney Disease]
trial) demonstrated an improvement in CKD pro-
gression relative to placebo comparable though
nominally less than the improvement by SGLT2is.12

However, no trial has compared the relative kidney
and cardiovascular benefits between SGLT2i and
GLP-1 RA. Although the pragmatic PRECIDENTD
(PREvention of CardIovascular and DiabEtic
kidNey Disease in Type 2 Diabetes; NCT05390892)
trial is designed to address this comparison,
network meta-analyses of placebo-controlled trials
and comparative effectiveness studies using
real-world clinical data currently provide the best
options for this comparison.

In a network meta-analysis of cardiovascular out-
comes trials, SGLT2is significantly reduced the inci-
dence of a kidney composite outcome compared with
GLP-1 RAs (HR: 0.69; 95% CI: 0.59-0.80).18 However,
another meta-analysis demonstrated no significant
difference between treatments.19 Although based on
clinical trial data, network meta-analyses do not
analyze patient-level data and must grapple with the
variability of kidney outcome definitions across trials.
For example, depending on the outcome definition
and population, the incidence of the kidney com-
posite outcome can vary by order of magnitude
(incidence ranges from 5.5 per 1,000 patient-years to
68.5 per 1,000 patient-years across Phase 3 trials of
SGLT2is).8-11,30 In contrast, comparative effectiveness
studies can analyze patient-level data and define a
single kidney outcome. In a comparative effective-
ness study of U.S. veterans, a kidney composite of
50% eGFR decline, incident ESKD, and all-cause
mortality did not differ between SGLT2i initiators
and GLP-1 RA initiators (HR: 0.95; 95% CI: 0.87-1.04)
despite evidence of the superiority of both treatments
when compared with DPP4 inhibitors or sulfonyl-
ureas.21 However, the predominantly male (95%)
composition of the cohort may limit the generaliz-
ability of this study.

Our study overcomes these limitations by part-
nering with PCORnet-contributing sites to construct a
large (82,272 patients), balanced (52% women), and
racially diverse (28% non-White race) cohort repre-
senting 20 U.S. health care systems. In this cohort, we
found no significant difference between our primary
composite kidney outcome of 40% eGFR decline,
incident ESKD, or all-cause mortality. However, the
risk of 40% eGFR decline was lower for SGLT2i initi-
ators compared with GLP-1 RA initiators. Importantly,
the difference in eGFR decline persisted at the more
stringent threshold of 57%. Additionally, total eGFR
slope was superior for SGLT2i initiators. Further,
SGLT2i initiators experienced a significantly lower
risk of the composite outcome when we applied a
more stringent censoring for medication discontinu-
ation (6-month grace period compared with
12 months). Because we capture prescription rather
than fills or adherence, we surmise that this more
stringent window restricts the amount of follow-up
time off of the study drug for the subset of patients
who discontinued the study drug soon after the index
prescription date, which could otherwise bias the re-
sults toward the null. All-cause mortality did not
differ between treatments. These findings were
similar for people with and without CKD. The FLOW
trial reported significant improvements in cardiovas-
cular and all-cause mortality in people with T2D and
CKD.12 SGLT2is generally exhibited similar improve-
ments in cardiovascular and all-cause mortality in
comparable study populations, although these find-
ings did not always reach statistical significance.9-11

Together, these data suggest that SGLT2i improve
kidney outcomes but not all-cause mortality
compared with GLP-1 RA among patients with T2D.

Interestingly, we found no difference in the risk of
acute heart failure hospitalization between SGLT2i
and GLP-1 RA initiators. SGLT2is significantly reduce
heart failure hospitalization compared with placebo
in large randomized controlled trials.7-10 GLP-1 RAs
also improve heart failure outcomes in select

https://clinicaltrials.gov/study/NCT05390892


TABLE 1 Select Baseline Characteristics of the Study Cohort Before and After Propensity Weighting

Unweighted Weighted

Overall
(N ¼ 82,272)

SGLT2i
Initiators

(n ¼ 35,004)

GLP-1 RA
Initiators

(n ¼ 47,268)
Absolute

SMD

SGLT2i
Initiators

(n ¼ 35,004)

GLP-1 RA
Initiators

(n ¼ 47,268)
Absolute

SMD

Demographics

Age, y 58.3, 59.0
(50.0-67.0)

59.4, 60.0
(52.0-68.0)

57.5, 58.0
(49.0-66.0)

0.167 58.4, 59.0
(51.0-67.0)

58.4, 59.0
(51.0-67.0)

0.000

Female 53.3 46.9 58.1 0.225 52.4 52.4 0.000

Race 0.101 0.000

White 71.4 73.0 70.2 72.0 72.0

Black 23.2 20.9 24.8 22.5 22.5

Othera 5.4 6.1 4.9 5.5 5.5

Hispanic ethnicity 8.6 8.8 8.5 0.011 8.7 8.7 0.001

Current smoker 9.6 9.5 9.6 0.004 9.4 9.5 0.002

Insurance coverage 0.026 0.027

Medicare/Medicaid 33.0 32.3 33.5 32.2 32.4

Other or missing 34.8 35.0 34.6 35.4 34.2

Private 31.6 32.1 31.3 31.8 32.8

Self-pay 0.6 0.6 0.6 0.7 0.6

Medical history

Heart failure 9.1 9.9 8.5 0.047 8.5 8.5 0.000

Coronary artery disease 19.5 21.8 17.9 0.098 19.2 19.2 0.000

Chronic kidney disease 19.6 17.5 21.1 0.092 18.3 18.3 0.000

Charlson comorbidity index 4.3, 4.0
(2.0-6.0)

4.3, 4.0
(2.0-5.0)

4.3, 4.0
(2.0-6.0)

0.007 4.2, 4.0
(2.0-5.0)

4.2, 4.0
(2.0-5.0)

0.000

Vitals/labs

Systolic BP, mm Hg 130.1, 129.3
(120.0-139.0)

129.7, 129.0
(120.0-139.0)

130.4, 130.0
(120.0-140.0)

0.039 130.0, 129.8
(120.0-139.0)

130.0, 129.0
(120.0-139.0)

0.000

BMI, kg/m2 37.8, 35.0
(30.6-40.8)

37.6, 33.6
(29.3-38.9)

37.9, 36.2
(31.6-42.0)

0.002 39.9, 34.7
(30.2-40.2)

36.1, 34.9
(30.6-40.0)

0.016

eGFR, mL/min/1.73 m2 80.1, 81.4
(64.4-96.3)

80.5, 81.5
(65.8, 95.6)

79.8, 81.2
(63.4-97.0)

0.033 80.6, 81.8
(65.4-96.3)

80.6, 81.8
(65.3-96.5)

0.000

UACR, mg/g 104.3, 16.3
(8.0-48.6)

94.2, 16.0
(8.0-46.0)

111.5, 16.9
(8.0-50.7)

0.045 97.2, 16.0
(8.0-46.4)

101.6, 16.0
(8.0-47.0)

0.012

UACR levels, % 0.037 0.027

Absent 65.8 66.5 65.3 66.5 65.2

<30 mg/g 22.5 22.3 22.6 22.2 23.1

30-300 mg/g 9.4 9.2 9.5 9.1 9.4

>300 mg/g 2.4 2.1 2.6 2.2 2.3

HbA1c, % 8.5, 8.2
(7.2-9.4)

8.5, 8.2
(7.3-9.3)

8.5, 8.2
(7.1-9.5)

0.000 8.5, 8.2
(7.3-9.4)

8.5, 8.2
(7.1-9.5)

0.012

Medications, %

ACEI or ARBs 52.0 52.0 52.1 0.003 51.8 51.8 0.000

Thiazide diuretics 23.6 22.6 24.4 0.041 23.4 23.4 0.000

Loop diuretics 12.9 12.5 13.1 0.019 12.1 12.1 0.000

Statins 53.7 54.6 53.0 0.031 53.6 53.6 0.000

sMRAs 4.9 5.0 4.7 0.014 4.6 4.6 0.000

Concomitant diabetes medications, %

Insulin 36.7 30.0 41.7 0.247 34.3 34.3 0.000

Metformin 56.5 57.3 55.9 0.029 56.9 56.9 0.000

Sulfonylureas 26.5 28.1 25.4 0.062 27.2 27.2 0.000

Glitazones 3.8 4.1 3.50 0.030 3.9 3.9 0.000

DPP4i 17.0 19.7 15.0 0.123 19.4 16.0 0.088

None (monotherapy) 36.2 36.4 36.0 0.009 35.9 36.1 0.005

Continued on the next page
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TABLE 1 Continued

Unweighted Weighted

Overall
(N ¼ 82,272)

SGLT2i
Initiators

(n ¼ 35,004)

GLP-1 RA
Initiators

(n ¼ 47,268)
Absolute

SMD

SGLT2i
Initiators

(n ¼ 35,004)

GLP-1 RA
Initiators

(n ¼ 47,268)
Absolute

SMD

Health care utilization

Hospitalization within prior 30 days 3.9 4.6 3.4 0.062 3.7 3.7 0.000

No. of ambulatory visits during prior
365 days

16.9, 12.0
(6.0-21.0)

15.8, 11.0
(6.0-20.0)

17.6, 12.0
(7.0-22.0)

0.103 16.4, 11.0
(6.0-21.0)

16.4, 12.0
(6.0-21.0)

0.000

No. of HbA1c measurements during prior
365 days

1.6, 2.0
(1.0-2.0)

1.6, 2.0
(1.0-2.0)

1.7, 2.0
(1.0-2.0)

0.023 1.6, 2.0
(1.0-2.0)

1.6, 2.0
(1.0-2.0)

0.000

Values are n or mean, median (Q1-Q3). aIncludes people of Asian, American Indian or Alaska Native, Native Hawaiian or other Pacific Islander, multiple, or other race.

ACEI ¼ angiotensin-converting enzyme inhibitor; ARB ¼ angiotensin II receptor blocker; BMI ¼ body mass index; BP ¼ blood pressure; DPP4i ¼ dipeptidyl peptidase-4 inhibitor; eGFR ¼ estimated
glomerular filtration rate; GLP-1 RA ¼ glucagon-like peptide 1 receptor agonist; HbA1c ¼ glycated hemoglobin; SGLT2i ¼ sodium-glucose cotransporter 2 inhibitor; SMD ¼ standard mean difference; UACR ¼
urine albumin-to-creatinine ratio.
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populations, although the presence of heart failure at
baseline may influence this effect.31 For example, the
STEP-HFpEF (Research Study to Investigate How Well
Semaglutide Works in People Living With
Heart Failure and Obesity) placebo-controlled trial of
semaglutide in people with heart failure with
TABLE 2 Comparison of Kidney, Cardiovascular, and Safety Outcome

SGLT2i Initi
(n ¼ 35,00

Incidence R

Primary outcome

40% eGFR decline, incident ESKD, or all-cause death 24.55

Sensitivity analyses of the primary outcome

ITT approach 26.89

Discontinuation censoring at 6 months 21.14

Secondary kidney and outcomes

40% decline in eGFR 10.75

Incident ESKD 3.29

Incident dialysis 3.55

Kidney transplant 0.00

Secondary mortality and CV outcomes

All-cause death 12.50

Acute HF hospitalization or all-cause death 21.47

Acute HF hospitalization 10.45

MACEb 31.21

MACE or revascularizationc 85.86

Safety outcomes

Diabetic ketoacidosis 2.87

Severe hypoglycemia 8.73

Urinary tract cancer 3.43

Severe UTI 0.59

AKI requiring dialysis 1.20

Genital mycotic infection 122.28

Hyperkalemia 29.09

aIncidence rate reflects 1,000 patient-years. Incidence rate based on censoring 12 mon
all-cause death. cCoronary revascularization procedure.

AKI ¼ acute kidney injury; CV ¼ cardiovascular; ESKD ¼ end-stage kidney disease; HF
UTI ¼ urinary tract infection; other abbreviations as in Table 1.
preserved ejection fraction (HFpEF) and obesity
demonstrated functional and symptomatic benefits
compared to placebo, though this trial was not pow-
ered for heart failure events.32 Among the secondary
outcomes of the SELECT (Semaglutide Effects on
Cardiovascular Outcomes in People with Overweight
s in SGLT2i and GLP-1 RA Initiators

ators
4)
atea

GLP-1 RA Initiators
(n ¼ 47,268)
Incidence Rate

HR (95% CI)
(Ref: GLP-1 RA) P Value

26.51 0.91 (0.81-1.02) 0.103

28.80 0.93 (0.85-1.02) 0.141

24.04 0.86 (0.75-0.99) 0.031

13.77 0.77 (0.65-0.91) 0.002

3.97 0.82 (0.61-1.11) 0.196

3.65 0.96 (0.71-1.30) 0.798

0.02 — —

11.44 1.08 (0.92-1.27) 0.357

20.92 1.03 (0.91-1.17) 0.643

11.24 0.95 (0.80-1.13) 0.550

30.20 1.03 (0.93-1.14) 0.580

83.33 1.01 (0.95-1.07) 0.810

2.82 1.02 (0.73-1.43) 0.908

9.92 0.90 (0.75-1.09) 0.271

4.22 0.80 (0.59-1.07) 0.125

0.87 0.71 (0.36-1.40) 0.325

1.07 1.09 (0.64-1.86) 0.751

69.37 1.71 (1.61-1.82) <0.001

28.03 1.02 (0.97-1.08) 0.463

ths after last prescription. bMACE outcome includes stroke, myocardial infarction, or

¼ heart failure; ITT ¼ intention to treat; MACE ¼ major adverse cardiovascular event;



CENTRAL ILLUSTRATION Kidney and Cardiovascular Effectiveness of Sodium-Glucose
Cotransporter 2 Inhibitors vs Glucagon-Like Peptide-1 Receptor Agonists in Type 2 Diabetes

82,272 adults with T2D

35,005 SGLT2i initiators
47,268 GLP-1 RA initiators

Propensity score overlap weighting

HR: 0.77
(95% CI: 0.65-0.91)

40% eGFR Decline Total eGFR Slope

HR: 0.95
(95% CI: 0.80-1.13)

Acute HF Hospitalization

HR: 1.03
(95% CI: 0.93-1.14)

MACE

20 U.S. Health Care Systems
(PCORnet)

Study Population

0
0

5

10

15

5

HR: 0.91 (95% CI: 0.81-1.02); P = 0.10

10

GLP-1 RA Initiators (Ref) SGLT2i Initiators
Months From Index Prescription

Pr
ob

ab
ili

ty
 o

f E
ve

nt
 (%

)

15 20 25

−3

−2

−1

0

−2.87
(95% CI: −3.00 to −2.74)

−2.35
(95% CI: −2.50 to −2.20)

GLP-1 RA Initiators SGLT2i Initiators

1

eG
FR

 S
lo

pe
 (m

L/
m

in
/1

.7
3m

2 /y
)

Primary Outcome:
40% eGFR Decline, Incident ESKD, All-Cause Death

P < 0.0001

Edmonston D, et al. J Am Coll Cardiol. 2024;84(8):696–708.

(Top) An overview of the study population and a Kaplan-Meier event curve for the primary kidney composite outcome. The number of

patients at risk is not listed because propensity weighting was applied to compare the treatment cohorts. (Bottom) Key secondary outcomes.

The error bars for the eGFR slope represent the 95% CIs. GLP-1 RA initiators serve as referent group for all comparisons. eGFR ¼ estimated

glomerular filtration rate; ESKD ¼ end-stage kidney disease; GLP-1 RA ¼ glucagon-like peptide-1 receptor agonist; HF ¼ heart failure;

MACE ¼ major adverse cardiovascular event; SGLT2i ¼ sodium-glucose cotransporter 2 inhibitor; T2D ¼ type 2 diabetes.
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or Obesity) trial of semaglutide vs placebo in people
with obesity, established cardiovascular disease, and
no history of diabetes, semaglutide led to an 18%
reduction in a composite of heart failure hospitaliza-
tion or cardiovascular death33; however, hierarchical
order testing prevented significance testing for this
outcome. The FLOW trial reported nominally fewer
heart failure events in people with T2D and CKD
treated with semaglutide, although heart failure was
considered a safety outcome and significance testing
was not performed.12 In addition, meta-analyses of
the impact of GLP-1 RA on cardiovascular outcomes
trials report a lower risk of heart failure hospitali-
zation in people without baseline heart failure, a



TABLE 3 Comparison of Clinical Outcomes in SGLT2i and GLP-1 RA Initiators Stratified by eGFR <60 vs $60 mL/min/1.73 m2

eGFR <60 mL/min/1.73 m2

(n ¼ 16,111)
eGFR $60 mL/min/1.73 m2

(n ¼ 66,161)

SGLT2i
Incidence Ratea

GLP-1 RA
Incidence Rate HR (95% CI)

SGLT2i
Incidence Ratea

GLP-1 RA
Incidence Rate HR (95% CI)

Primary outcome

40% eGFR decline, incident ESKD, or all-cause death 42.24 47.82 0.86 (0.70-1.05) 20.82 21.80 0.94 (0.82-1.08)

Sensitivity analyses of the primary outcome

ITT approach 46.24 51.01 0.90 (0.76-1.06) 22.71 24.02 0.95 (0.85-1.06)

Discontinuation censoring at 6 months 37.76 42.71 0.86 (0.68-1.10) 17.79 19.98 0.87 (0.74-1.03)

Secondary kidney and outcomes

40% decline in eGFR 17.12 21.29 0.78 (0.57-1.07) 9.40 12.10 0.77 (0.64-0.94)

Incident ESKD 6.45 9.16 0.68 (0.42-1.11) 2.62 2.82 0.93 (0.64-1.37)

Incident dialysis 6.42 8.66 0.71 (0.43-1.17) 2.95 2.54 1.17 (0.80-1.71)

Kidney transplant 0.00 0.11 — 0.00 0.00 —

Secondary mortality and CV outcomes

All-cause death 22.97 24.39 0.94 (0.71-1.24) 10.29 8.56 1.18 (0.96-1.45)

Acute HF hospitalization or all-cause death 43.61 46.00 0.95 (0.77-1.16) 16.84 15.39 1.10 (0.94-1.29)

Acute HF hospitalization 25.08 26.58 0.94 (0.72-1.22) 7.39 7.86 0.98 (0.78-1.23)

MACEb 57.22 57.57 0.99 (0.83-1.18) 25.78 24.19 1.06 (0.94-1.21)

MACE or revascularizationc 148.94 150.01 0.96 (0.85-1.08) 73.16 69.33 1.04 (0.96-1.12)

Safety outcomes

Diabetic ketoacidosis 3.03 2.73 1.09 (0.49-2.41) 2.83 2.84 1.01 (0.69-1.46)

Severe hypoglycemia 16.05 19.05 0.87 (0.63-1.21) 7.19 7.90 0.93 (0.74-1.16)

Urinary tract cancer 7.50 9.00 0.80 (0.50-1.28) 2.57 3.16 0.80 (0.55-1.17)

Severe UTI 1.30 1.41 0.93 (0.29-2.94) 0.45 0.75 0.63 (0.27-1.45)

AKI requiring dialysis 2.68 3.00 0.85 (0.38-1.91) 0.89 0.64 1.39 (0.67-2.87)

Genital mycotic infection 98.31 52.29 1.83 (1.55-2.15) 127.51 73.26 1.69 (1.58-1.81)

aIncidence rate reflects 1,000 patient-years. bMACE outcome includes stroke, myocardial infarction, or all-cause death. cCoronary revascularization procedure.

CKD ¼ chronic kidney disease; other abbreviations as in Tables 1 and 2.
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neutral effect in those with heart failure, and a
potential higher risk in those with heart failure with
reduced ejection fraction (HFrEF).34,35 This rela-
tionship is further supported by a comparative
effectiveness study of SGLT2i vs GLP-1 RA initiators
with heart failure, in which SGLT2i initiation was
associated with 33% lower incidence in heart failure
hospitalization compared with GLP-1 RA in those
with HFrEF but only 11% lower risk in those with
HFpEF.36 The 9% prevalence of heart failure at
baseline in our study population is low relative to
most SGLT2i and GLP-1 RA Phase 3 trials (9%-
24%).7-11,31,37-43 In addition, many of the patients in
our study population may have HFpEF, which
would likely derive heart failure benefit from both
drug classes. However, we are not able to discern
the relative prevalence of HFpEF vs HFrEF in our
study population. Thus, our study population may
be more likely to demonstrate a significant heart
failure benefit from GLP-1 RA initiation and, there-
fore, less likely to show separation between SGLT2i
and GLP-1 RA therapy. Last, the use of a claims-
based definition for heart failure may explain
some of the differences between real-world data
and adjudicated outcomes in a clinical trial setting.

In contrast to heart failure, we anticipated a lack of
difference in MACE outcomes between treatment
groups in our real-world study compared with clinical
trial data. GLP-1 RA significantly reduced MACE
compared with placebo in Phase 3 trials, especially for
stroke.38,40,42,43 SGLT2i also exhibit a MACE benefit,
particularly in the secondary prevention popula-
tion,44 but the magnitude of this effect is far less than
the benefits seen for heart failure hospitalization.7-10

Most comparative effectiveness studies demonstrate
similar rates of MACE for SGLT2i initiators and GLP-1
RA initiators.18,20,23,24,28,36 Further, select compari-
sons suggest that GLP1RAs are superior with regard to
MACE.22,25

Given the large amount of overlapping cardiorenal
benefits from these medications in this study, a
combination of SGLT2i and GLP-1 RA therapy is an
important consideration. The previously mentioned
PRECIDENTD trial includes a third arm to assess the
cardiorenal effects of combination therapy vs either
alone. Last, the addition of the nonsteroidal



FIGURE 2 Subgroup Analysis for Primary Kidney Composite Outcome

Subgroup
SGLT2i

Incidence Rate
GLP-1 RA

Incidence Rate HR (95% CI) P Value

Age >65 36.06 39.68 0.89 (0.75-1.06)
Age ≤65 19.94 21.32 0.92 (0.79-1.07)

Male 26.52 31.11 0.84 (0.72-0.98)
Female 22.63 22.40 0.99 (0.83-1.16)

Age 0.804

Sex 0.173

No 21.22 22.10 0.94 (0.83-1.07)
Yes 52.20 64.04 0.80 (0.64-1.01)

Prior CV Event 0.236

No 21.84 23.85 0.90 (0.79-1.01)
Yes 142.7 144.7 0.97 (0.71-1.34)

Prior HHF 0.637

No 29.73 32.31 0.90 (0.77-1.06)
Yes 20.85 22.34 0.92 (0.78-1.08)

Metformin Use 0.890

White 26.02 26.91 0.95 (0.83-1.08)
Black 24.85 25.86 0.94 (0.74-1.19)
Other 9.58 24.39 0.39 (0.20-0.74)

Race 0.029

0.25 0.5 1

Bars represent 95% CI. Heart failure hospitalization denotes hospitalization within 12 months of the study index date. CV ¼ cardiovascular;

HHF ¼ hospitalization for heart failure; SGLT2i ¼ sodium-glucose cotransporter 2 inhibitor; other abbreviations as in Figure 1.
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mineralocorticoid receptor antagonist finerenone
may further improve cardiorenal outcomes. Although
the subgroups were small, the kidney and cardio-
vascular effects of finerenone were consistent for
people receiving either SGLT2i or GLP-1 RA at base-
line in the pooled FIDELITY (Finerenone in Chronic
TABLE 4 Comparison of eGFR Slope by Treatment Group

eGFR Slope Per Year (95% CI),
mL/min/1.73 m2/year

Treatment � Time
P Valuea

Overall <0.0001

GLP-1 RA �2.87 (�3.00 to �2.74)

SGLT2i �2.35 (�2.50 to �2.20)

CKD <0.0001

GLP-1 RA �0.56 (�0.82 to �0.30)

SGLT2i 0.27 (�0.05 to 0.60)

No CKD 0.003

GLP-1 RA �3.34 (�3.50 to �3.19)

SGLT2i �2.99 (�3.16 to �2.81)

aTreatment � time P value compares the eGFR slope between treatment groups.
Time is considered linear in this model.

Abbreviations as in Table 3.
Kidney Disease and Type 2 Diabetes: Combined
FIDELIO-DKD and FIGARO-DKD trial programme
analysis) analyses.13 Because these agents differ with
regard to glycemic control, weight loss, and select
kidney and cardiovascular outcomes, combination
therapy may take advantage of these complementing
effects.

STUDY LIMITATIONS. The observational design of
this study presents some limitations, especially in the
setting of evolving indications for these treatments
during the study period. Residual confounding may
persist despite the use of propensity score weighting
on an extensive list of covariates. Use of prescription
data (rather than dispensing or claims data) does not
provide information regarding medication fills or
adherence. Data collected for clinical care, such as
eGFR or creatinine, may introduce bias if collected
more often for people in one medication group.
Electronic health record data also does not capture
care received outside the health care system. How-
ever, we decrease this risk by requiring both a



PERSPECTIVES

COMPETENCY IN MEDICAL KNOWLEDGE: SGLT2is and

GLP-1 RAs exert many overlapping kidney and cardiovascular

effects in people with T2D, although SGLT2is may lead to more

improvements in eGFR.

TRANSLATIONAL OUTLOOK: Clinical trials are needed to

directly compare SGLT2i and GLP-1 RA in people with and

without T2D over longer follow-up durations.
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provider visit and prescription for the target treat-
ments in the 12 months before the index date. In
addition, Datavant death index query allows for
robust assessment of mortality data regardless of the
health care system. However, we are not able to
reliably discern cause-specific mortality. Last, we
cannot exclude that a separation between outcomes
would become more evident with a longer follow-
up duration.

CONCLUSIONS

In an overlap weighted population with T2D repre-
senting 20 U.S. health care systems, SGLT2i initiators
exhibited no significant differences in risk for a
composite kidney outcome, all-cause mortality, or
cardiovascular outcomes, though SGLT2i initiation
was associated with a lower risk of 40% eGFR decline
and a superior eGFR slope compared with those who
initiated GLP-1 RA. In addition, differences in risk for
safety outcomes between SGLT2i and GLP-1 RA initi-
ators, including a higher incidence of genital mycotic
infections for SGLT2i, were consistent with the
known safety profile of SGLT2i.
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