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OBJECTIVE

Both sodium–glucose cotransporter 2 inhibitors (SGLT2i) and glucagon-like peptide
1 receptor agonists (GLP-1RA) demonstrated cardiovascular benefits in randomized
controlled trials of patients with type 2 diabetes (T2D) generally <65 years old and
mostly with cardiovascular disease. We aimed to evaluate the comparative
effectiveness and safety of SGLT2i and GLP-1RA among real-world older adults.

RESEARCH DESIGN AND METHODS

Using Medicare data (April 2013–December 2016), we identified 90,094 propensity
score–matched (1:1) T2D patients ‡66 years old initiating SGLT2i or GLP-1RA. Primary
outcomes were major adverse cardiovascular events (MACE) (i.e., myocardial in-
farction, stroke, or cardiovascular death) and hospitalization for heart failure (HHF).
Other outcomes included diabetic ketoacidosis (DKA), genital infections, fractures,
lower-limbamputations (LLA), acute kidney injury (AKI), severe urinary tract infections,
and overall mortality.We estimated hazard ratios (HRs) and rate differences (RDs) per
1,000 person-years, controlling for 140 baseline covariates.

RESULTS

ComparedwithGLP-1RA,SGLT2i initiatorshadsimilarMACErisk (HR0.98[95%CI0.87,
1.10]; RD20.38 [95% CI22.48, 1.72]) and reduced HHF risk (HR 0.68 [95% CI 0.57,
0.80]; RD23.23 [95%CI24.68,21.77]), over amedian follow-upof∼6months. They
alsohad0.7moreDKAevents (RD0.72 [95%CI0.02,1.41]),0.9moreLLA (RD0.90[95%
CI 0.10, 1.70]), 57.1 more genital infections (RD 57.08 [95% CI 53.45, 60.70]), and 7.1
fewer AKI events (RD 27.05 [95% CI 210.27, 23.83]) per 1,000 person-years.

CONCLUSIONS

Among older adults, those taking SGLT2i had similarMACE risk, decreased HHF risk,
and increased risk of DKA, LLA, and genital infections versus those taking GLP-1RA.

The aging of the U.S. population is a significant driver of the type 2 diabetes (T2D)
epidemic (1).Approximately25%ofpeopleover theageof65yearshavediabetes, and
this proportion is expected to rise to.30% by 2050 (2). Patients with diabetes are at
high risk for developing cardiovascular disease (CVD) and associated morbidity and
mortality, and this risk increases dramatically with age, with cardiovascular events
being the primary cause of morbidity and mortality in older adults with T2D (3).
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In recent large cardiovascular outcome
trials (CVOTs), mandated by regulators to
assess the cardiovascular safety of anti-
diabetes medications, glucagon-like pep-
tide 1 receptor agonists (GLP-1RA) and
sodium–glucosecotransporter2inhibitors
(SGLT2i) showed superiority to placebo
in reducing the risk of major adverse
cardiovascular events (MACE) (4–9), car-
diovascular mortality (4,8), all-cause
mortality (4,8,10), and nephropathy pro-
gression (4,5,7,11–13), with SGLT2i also
reducing the risk of hospitalization for
heart failure (HHF) (8,9,11). This new
evidence prompted guidelines to recom-
mend the initiation of an SGLT2i or a
GLP-1RA among patients with high car-
diovascular risk or patients with estab-
lished atherosclerotic CVD, heart failure,
or chronic kidney disease (3). However,
the comparative effectiveness of these
classes of medications in older adults,
who represent the majority of patients
with T2D, remains largely unknown, as
CVOTs have not compared these agents
head-to-head, and as these trials were
conducted among selected populations
with amean age generally,65 years and
mostly with preexisting CVD. Further-
more, as information on potential un-
intended harms of SGLT2i is rapidly
accumulating, e.g., diabetic ketoacidosis
(DKA), bone fractures, lower-limb ampu-
tations (LLA), and severe urinary tract
infections (UTI) (9,14–16), it is critical
to understand their safety in older in-
dividuals with diabetes. These patients
have increased occurrence of multiple
comorbidities, polypharmacy, reduced func-
tional status, accelerated muscle loss,
and common geriatric syndromes, such as
frailty, and thus may be at greater risk
of drug-related adverse events compared
with younger individuals.
Our primary objective was to evaluate

the cardiovascular effectiveness associ-
ated with the initiation of SGLT2i com-
paredwithGLP-1RA inapopulation-based
cohortofolder adults as treated in routine
clinical care. Our secondary objective was
to assess the safety of SGLT2i versus GLP-
1RA with regard to outcomes relevant to
older patients.

RESEARCH DESIGN AND METHODS

Data Source, Study Cohort, and Drug
Exposure
Data were collected from Medicare Fee-
for-Service Parts A (inpatient coverage), B
(outpatient coverage), and D (prescription

benefits). Medicare is a U.S. federal
health insurance program that provides
healthcare to legal residents in theU.S. at
least 65 years of age and patients with
disabilities. This database covers ;50
millionpeopleandcontainsdemographic
information, health plan enrollment sta-
tus, longitudinal patient-level informa-
tion on all reimbursed medical services,
and both inpatient and outpatient diagno-
ses and procedures along with pharmacy-
dispensing records, including information
on medication start and refill, strength,
quantity, and days’ supply. Information
on the exact date and cause of deathwas
available for the entire study period
through linking with the National Death
Index (NDI) file.

The Institutional ReviewBoard of Part-
ners Healthcare approved the study. A
licensing agreement was in place.

The study population included patients
aged 66 years or older who initiated an
SGLT2i, i.e., canagliflozin, dapagliflozin, or
empagliflozin, or a GLP-1RA, i.e., albiglu-
tide, dulaglutide, exenatide, or liraglutide,
between 1 April 2013 (consistent with the
release of the first SGLT2i in the U.S.) and
31 December 2016. Cohort entry was the
day of the first filled prescription of any of
thedrugsabove,definedasnouseofeither
SGLT2i or GLP-1RA in the previous year
among patients who had 12 or more
months of continuous enrollment prior
to cohort entry. A recorded diagnosis of
T2Dwas required during the year prior to
drug initiation. Patients were excluded if
they had a diagnosis of type 1 or sec-
ondary diabetes, malignancy, end-stage
renal disease, HIV, organ transplant, or a
nursing home admission at baseline. To
address the potential for unmeasured
confoundingassociatedwith thehigh risk
for recurrence, we excluded patients
with a hospitalization for acute myocar-
dial infarction, coronary revascularization,
unstable angina, ischemic or hemor-
rhagic stroke, a transient ischemic at-
tack, and heart failure in the 60 days
prior to cohort entry (Supplementary
Table 1 and Supplementary Fig. 1).

Follow-up for study outcomes began
on the day after cohort entry and con-
tinued in an “as-treated” approach until
treatment discontinuation or switch to a
drug in the comparator class, the occur-
rence of a specific study outcome, death,
end of continuous health plan enroll-
ment, or end of the study period
(31 December 2016)dwhichever came

first. We extended the exposure effect
windowuntil 60 days after the expiration
of the last prescription’s supply.

Study Outcomes
Theprimaryoutcomes included1)MACE,
i.e., a hospitalization for acute myocar-
dial infarction, ischemic or hemorrhagic
stroke, or cardiovascular mortality, and
2) HHF. In prior studies, the positive
predictive values of claims-based algo-
rithms for myocardial infarction, stroke,
and HHF were at least 84% (17–20).
Causes of death were determined
through NDI linkage. Cardiovascular
deaths were identified through recorded
ICD-10 codes (I00–I99); only primary
causes of death were considered (21).
Secondary effectiveness outcomes were
the individual components of the com-
posite cardiovascular outcome, all-cause
mortality, a composite outcomeofMACE
or HHF, and a composite of myocardial
infarction, stroke, HHF, or all-cause mor-
tality. Safety outcomes included DKA
requiring hospitalization, LLA requiring
surgery, nonvertebral bone fractures
(fracture of humerus, wrist, or hip re-
quiring intervention, or pelvis fracture),
genital infections (inpatient or outpatient
episodes), acute kidney injury (AKI) requir-
inghospitalization, and severeUTI, defined
as those requiring hospitalization. Defini-
tionswere either validated againstmedical
records (22–26) or previously used in
pharmacoepidemiologic studies with as-
sessment of glucose-loweringmedications
(27,28). (See Supplementary Table 2 for
definitions.)

Patient Characteristics
Patient baseline characteristics were
measured during the 12 months before
and including the date of cohort entry.
Covariates of interest included demo-
graphics (age, sex, and race), calendar
time (in quarters and days), comorbid-
ities, diabetes-specific complications,use
of diabetes drugs, use of other medica-
tions, indicators of health care use as
proxy for overall disease state, surveil-
lance, and intensity of care. To address
potential confounding by frailty, we also
used a claims-based frailty index (29).
Patient characteristics were defined with
use of ICD-9 or ICD-10 diagnosis or pro-
cedure codes, Current Procedural Terminol-
ogy, 4th Edition, procedure codes, and
NationalDrugCode (pharmacy).Acomplete
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list of baseline patient characteristics can
be found in Supplementary Table 3.

Statistical Analysis
Baseline characteristics were cross tab-
ulatedby treatment group. To control for
imbalances in patient characteristics, we
calculated an exposure propensity score
(PS) as the predicted probability of re-
ceiving SGLT2i versus GLP-1RA treat-
ment, conditional on 140 baseline
characteristics, using a multivariable lo-
gistic regression model. All variables in
Supplementary Table 3 were included,
and no further selection was conducted.
Patients were 1:1 PS matched by use of
the nearest neighbor methodology
with a maximum caliper of 0.01 of the
PS (Supplementary Fig. 2). Postmatching
covariate balance between treatments
was assessed by the calculation of stan-
dardized differences for each covariate,
with meaningful imbalances set at val-
ues .0.1 (30). For all outcomes, we
calculated PS-matched numbers of
events and incidence rates, as well as
hazard ratios (HRs), and rate differences
(RDs), eachwith 95%CIs. For primary end
points, both overall and within strata
defined by presence of CVD at baseline,
we also obtained Kaplan-Meier plots of
cumulative incidence and compared in-
cidence rates between treatment groups
with log-rank tests.
To address potential informative cen-

soring, in sensitivity analyses we carried
forward the exposure to the first-used
medication for 365 days without consid-
ering drug discontinuation or switching,
mimicking an “intention-to-treat” ap-
proach. To assess potential effect mod-
ification by CVD, we also conducted
subgroup analyses for primary outcomes
and selected secondary outcomes strat-
ified by history of CVD at baseline, de-
fined as history of myocardial infarction,
unstable angina, coronary atherosclero-
sis and other forms of chronic ischemic
heart disease, coronary procedure, heart
failure, ischemic or hemorrhagic stroke,
transient ischemic attack, peripheral ar-
terial disease or surgery, and lower-
extremity amputation. The association
withprimaryoutcomeswasalsoassessed
in subgroup analyses by age (66–74 years
and 751 years), history of chronic kidney
disease, and presence of metformin at
cohort entry. Within each subgroup, the
PSwas reestimated and PSmatchingwas
reperformed, and the presence of effect

measure modification across catego-
ries was evaluated on the relative and
absolute scale with the Wald test for
homogeneity.

All analyses were performed with the
Aetion Evidence Platform, version 3.2, with
R, version 3.2 (31), and with SAS 9.4 sta-
tistical software (SAS Institute, Cary, NC).

RESULTS

Study Cohort and Patient
Characteristics
After inclusion and exclusion criteriawere
applied, we identified 72,900 patients
initiating SGLT2i and 64,417 patients
initiating GLP-1RA, resulting in 90,094
PS-matched (1:1) patients, with 45,047 in
each group (Table 1 and Supplementary
Fig. 1).

Before PS matching, compared with
patients initiating a GLP-1RA, patients
initiating a SGLT2i were slightly older,
more frequently weremale, with a lower
burden of comorbidities, as measured by
the Combined Comorbidity Score (32),
and were slightly less frail, as measured
with a claims-based frailty index (29).
SGLT2i initiators were less likely to use
insulin at baseline, or to have seen an
endocrinologist, andmore likely to be on
baseline treatment with metformin and
dipeptidyl peptidase 4 inhibitors. All dif-
ferences in patient characteristics were
well balanced (as assessed by standard-
izeddifferences,,0.1) afterPSmatching,
with 70%of GLP-1RA initiators successfully
matchedtoanSGLT2i initiator.Theaverage
agewas72years, 46%of studyparticipants
weremale, and 83%wereWhite; 33% had
history of ischemic heart disease, 11% had
history of stroke, 11% had history of heart
failure, and 58% were treated with met-
formin and 24% with insulin during the
previous year (Table 1 and Supplementary
Table 3). Canagliflozin and liraglutide were
themost frequently initiated agentswithin
the SGLT2i and GLP-1RA classes (77% and
59%, respectively) (Supplementary Table
4).

After PS matching, the mean and
median follow-up time on treatment
were 8.5 and 5.5 months, respectively.
More than 20,000 patients had follow-up
time .1 year, and .5,000 patients had
follow-up time .2 years. Most patients
were censored due to treatment discon-
tinuation (54%) or end of the study
period, i.e., 31 December 2016 (34%)
(Supplementary Table 5).

Absolute and Relative Hazards of
Primary and Secondary Outcomes
After PS matching, the incidence rates
per 1,000 person-years in SGLT2i versus
GLP-1RA initiators, respectively, were
18.0 vs. 18.4 for MACE and 7.0 vs.
10.3 for HHF (Table 2). Compared with
GLP-1RA, the initiation of SGLT2i was
associated with a similar risk of MACE
(HR 0.98 [95% CI 0.87, 1.10]) and with
a 32% decreased risk of HHF (HR 0.68
[95% CI 0.57, 0.80]), corresponding to
3.2 fewer cases per 1,000 person-years
(RD 23.23 [95% CI 24.68, 21.77]).
Kaplan-Meier curves comparing the cu-
mulative incidence of MACE and HHF
among initiators of SGLT2i versus GLP-
1RA were consistent with these findings,
with the curves for HHF separating early
and within the first 6 months of treat-
ment initiation (Fig. 1A and B). The pro-
portional hazards assumption,whichwas
assessed by testing of the significance of
the interaction term between exposure
and time, was not violated. No differ-
ences in the risk of the individual com-
ponents of the MACE outcome were
observed between the two exposure
groups (HR 0.98 [95% CI 0.84, 1.16]
for myocardial infarction, HR 1.04 [95%
CI 0.86, 1.27] for stroke, and HR 0.83 [95%
CI 0.64, 1.07] for cardiovascular mortal-
ity), as also was the case for the risk of all-
cause mortality (HR 0.95 [95% CI 0.81,
1.11]) and the composite outcome of
myocardial infarction, stroke, HHF, or all-
cause mortality (HR 0.92 [95% CI 0.84,
1.002]).

For the safety outcomes, SGLT2i ini-
tiators had a 46% increase in the risk of
DKA (HR 1.46 [95% CI 1.02, 2.07]), a 44%
increased risk of LLA (HR 1.44 [95% CI
1.06, 1.96]), and a 3.4-fold increase in the
risk of genital infections (HR 3.34 [95% CI
3.08, 3.62]), corresponding to 0.7, 0.9,
and 57.1 more events in 1,000 person-
years, respectively, compared with GLP-
1RA initiators (Table 3). A post hoc
analysis, which evaluated the risk of
genital infections among males and fe-
males separately, found that SGLT2i was
associated with 27.1 more events in
males and 90.3 more events in females
comparedwithGLP-1RA (Supplementary
Table 6). The risk of bone fractures and
severe UTI did not differ among pa-
tients initiating SGLT2i versus GLP-1RA.
There was a 15% decreased risk of AKI
associatedwith SGLT2i (HR 0.85 [95%CI
0.79, 0.92]) compared with GLP-1RA,
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Table 1—Selected baseline characteristics of patients initiating SGLT2i versus GLP-1RA before and after 1:1 PS matching

Baseline characteristics

Before PS matching After PS matching

SGLT2i
(N 5 72,900)

GLP-1RA
(N 5 64,417) St. Diff.

SGLT2i
(N 5 45,047)*

GLP-1RA
(N 5 45,047)* St. Diff.

Demographics
Age, mean (SD) 71.98 (5.28) 71.43 (4.94) 0.11 71.56 (5.01) 71.56 (5.03) 0.00
Male, n (%) 35,982 (49.4) 28,044 (43.5) 0.12 20,541 (45.6) 20,720 (46.0) 20.01

Race/ethnicity, n (%)
White 58,251 (79.9) 54,125 (84.0) 20.11 37,588 (83.4) 37,520 (83.3) 0.00
Black 5,281 (7.2) 4,997 (7.8) 20.02 3,396 (7.5) 3,388 (7.5) 0.00
Asian 3,434 (4.7) 1,433 (2.2) 0.14 1,138 (2.5) 1,177 (2.6) 20.01
Hispanic 2,601 (3.6) 1,719 (2.7) 0.05 1,284 (2.9) 1,300 (2.9) 0.00
Other 3,333 (4.6) 2,143 (3.3) 0.06 1,641 (3.6) 1,662 (3.7) 20.01

Burden of comorbidities, mean (SD)
Combined Comorbidity Score† 2.94 (2.03) 3.45 (2.32) 20.23 3.16 (2.15) 3.17 (2.15) 0.00
Frailty score (29) 0.18 (0.06) 0.19 (0.06) 20.17 0.19 (0.06) 0.19 (0.06) 0.00

Diabetes-related conditions, n (%)
Diabetic nephropathy 6,614 (9.1) 9,850 (15.3) 20.19 5,132 (11.4) 5,122 (11.4) 0.00
Diabetic retinopathy 7,664 (10.5) 7,888 (12.2) 20.05 4,966 (11.0) 4,958 (11.0) 0.00
Diabetic neuropathy 17,187 (23.6) 18,251 (28.3) 20.11 11,721 (26.0) 11,709 (26.0) 0.00
Diabetes with peripheral circulatory

disorders 5,841 (8.0) 5,689 (8.8) 20.03 3,708 (8.2) 3,783 (8.4) 20.01
Diabetic foot 1,897 (2.6) 2,329 (3.6) 20.06 1,378 (3.1) 1,393 (3.1) 0.00
Lower-extremity amputation 264 (0.4) 355 (0.6) 20.03 210 (0.5) 204 (0.5) 0.00
Hypoglycemia 3,529 (4.8) 3,725 (5.8) 20.04 2,303 (5.1) 2,330 (5.2) 0.00
DKA 244 (0.3) 298 (0.5) 20.03 157 (0.3) 182 (0.4) 20.02

Diabetes treatment
No. of antidiabetes drugs at cohort entry,

mean (SD) 2.65 (1.00) 2.49 (0.98) 0.16 2.54 (0.98) 2.53 (0.99) 0.01
No previous use of diabetes treatment,

n (%)¶ 2,609 (3.6) 2,954 (4.6) 20.05 1,957 (4.3) 1,939 (4.3) 0.00
Monotherapy, n (%) 2,332 (3.2) 2,663 (4.1) 20.05 1,768 (3.9) 1,752 (3.9) 0.00
Long-term use of insulin, n (%)§ 5,969 (8.2) 9,620 (14.9) 20.21 5,201 (11.5) 5,257 (11.7) 20.01

Diabetes drug on the day of entry to the cohort,
n (%)

Metformin 46,049 (63.2) 34,419 (53.4) 0.20 26,190 (58.1) 26,086 (57.9) 0.00
Sulfonylureas 29,266 (40.1) 23,039 (35.8) 0.09 16,839 (37.4) 16,725 (37.1) 0.01
DPP-4 inhibitors 24,783 (34.0) 13,425 (20.8) 0.30 10,923 (24.2) 11,004 (24.4) 0.00
Glitazones 5,846 (8.0) 4,853 (7.5) 0.02 3,491 (7.7) 3,518 (7.8) 0.00
Insulin 12,742 (17.5) 18,853 (29.3) 20.28 10,847 (24.1) 10,741 (23.8) 0.01

Lifestyle factors, n (%)
Obesity 17,621 (24.2) 21,980 (34.1) 20.22 13,436 (29.8) 13,414 (29.8) 0.00
Overweight 3,812 (5.2) 2,822 (4.4) 0.04 2,111 (4.7) 2,124 (4.7) 0.00
Smoking 11,579 (15.9) 11,207 (17.4) 20.04 7,721 (17.1) 7,692 (17.1) 0.00

Other comorbidities at baseline, n (%) 0.00
CVD| 31,888 (43.7) 30,563 (47.4) 20.07 20,366 (45.2) 20,385 (45.3) 0.00
Ischemic heart disease 23,018 (31.6) 22,084 (34.3) 20.06 14,763 (32.8) 14,729 (32.7) 0.00
Acute myocardial infarction 1,126 (1.5) 1,098 (1.7) 20.02 712 (1.6) 740 (1.6) 0.00
Coronary revascularization 587 (0.8) 650 (1.0) 20.02 395 (0.9) 403 (0.9) 0.00
Heart failure 7,082 (9.7) 8,801 (13.7) 20.12 5,144 (11.4) 5,170 (11.5) 0.00
Atrial fibrillation 7,353 (10.1) 7,398 (11.5) 20.05 4,861 (10.8) 4,911 (10.9) 0.00
Ischemic or hemorrhagic stroke 8,145 (11.2) 7,549 (11.7) 20.02 5,138 (11.4) 5,114 (11.4) 0.00
Transient ischemic attack 1,787 (2.5) 1,666 (2.6) 20.01 1,138 (2.5) 1,163 (2.6) 20.01
Peripheral arterial disease or surgery 9,041 (12.4) 8,811 (13.7) 20.04 5,736 (12.7) 5,808 (12.9) 20.01
Hypertension 66,311 (91.0) 59,585 (92.5) 20.05 41,326 (91.7) 41,323 (91.7) 0.00
Hyperlipidemia 65,426 (89.7) 58,092 (90.2) 20.02 40,488 (89.9) 40,413 (89.7) 0.01
Chronic obstructive pulmonary disease 8,524 (11.7) 9,187 (14.3) 20.08 5,848 (13.0) 5,883 (13.1) 0.00
Pneumonia 2,614 (3.6) 2,902 (4.5) 20.05 1,823 (4.0) 1,824 (4.0) 0.00
Obstructive sleep apnea 8,084 (11.1) 10,876 (16.9) 20.17 6,416 (14.2) 6,453 (14.3) 0.00
Osteoarthritis 21,613 (29.6) 21,292 (33.1) 20.08 14,256 (31.6) 14,227 (31.6) 0.00
Chronic kidney disease 9,037 (12.4) 14,729 (22.9) 20.28 7,294 (16.2) 7,437 (16.5) 20.01
Chronic kidney disease, stage 31 5,303 (7.3) 10,773 (16.7) 20.29 4,753 (10.6) 4,784 (10.6) 0.00
AKI 1,994 (2.7) 3,281 (5.1) 20.12 1,603 (3.6) 1,636 (3.6) 0.00
Edema‡ 8,391 (11.5) 10,311 (16.0) 20.13 6,160 (13.7) 6,140 (13.6) 0.00

Continued on p. 830
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corresponding to 7.1 fewer events in
1,000 person-years.

Sensitivity and Subgroup Analyses
Primary and secondary findings remained
consistent when we carried forward
the exposure to the first-used medica-
tion for 365 days without considering

drug discontinuation or switching
(Supplementary Table 7).

Subgroup analyses by history of CVD
showed results consistent with the pri-
mary MACE findings, though there was
evidence of effect heterogeneity on both
the relative and the absolute scale (Fig.
2). The initiation of SGLT2i versus GLP-

1RAwas associatedwith a similar relative
risk reduction in HHF across the two sub-
groups, whereas a larger absolute risk
reduction (corresponding to 5.9 fewer
events in 1,000 person-years) was ob-
served among patients with CVD (Fig.
1C–F and Fig. 2). In assessment of selected
secondary outcomes, SGLT2i versus GLP-1RA

Table 1—Continued

Baseline characteristics

Before PS matching After PS matching

SGLT2i
(N 5 72,900)

GLP-1RA
(N 5 64,417) St. Diff.

SGLT2i
(N 5 45,047)*

GLP-1RA
(N 5 45,047)* St. Diff.

Fractures 3,275 (4.5) 3,369 (5.2) 20.03 2,254 (5.0) 2,233 (5.0) 0.00
Falls 3,067 (4.2) 3,246 (5.0) 20.04 2,135 (4.7) 2,110 (4.7) 0.00
Osteoporosis 7,303 (10.0) 6,151 (9.5) 0.02 4,240 (9.4) 4,248 (9.4) 0.00
Genital infections 2,223 (3.0) 2,128 (3.3) 20.02 1,452 (3.2) 1,477 (3.3) 20.01
UTIs 11,375 (15.6) 12,191 (18.9) 20.09 7,780 (17.3) 7,723 (17.1) 0.01
Dementia 3,341 (4.6) 2,987 (4.6) 0.00 2,088 (4.6) 2,025 (4.5) 0.00

Other medication use, n (%)
ACE inhibitors 33,901 (46.5) 30,726 (47.7) 20.02 21,199 (47.1) 21,233 (47.1) 0.00
Angiotensin II receptor blockers 27,012 (37.1) 24,298 (37.7) 20.01 16,850 (37.4) 16,789 (37.3) 0.00
b-Blockers 34,537 (47.4) 32,856 (51.0) 20.07 22,216 (49.3) 22,153 (49.2) 0.00
Calcium channel blockers 24,372 (33.4) 22,530 (35.0) 20.03 15,368 (34.1) 15,335 (34.0) 0.00
Thiazides 10,890 (14.9) 11,390 (17.7) 20.08 7,439 (16.5) 7,463 (16.6) 0.00
Loop diuretics 12,008 (16.5) 16,050 (24.9) 20.21 9,146 (20.3) 9,241 (20.5) 0.00
Other diuretics 2,532 (3.5) 3,496 (5.4) 20.09 1,970 (4.4) 2,024 (4.5) 0.00
Nitrates 6,163 (8.5) 6,430 (10.0) 20.05 4,053 (9.0) 4,145 (9.2) 20.01
Digoxin 2,027 (2.8) 1,768 (2.7) 0.01 1,214 (2.7) 1,206 (2.7) 0.00
Statins 56,268 (77.2) 50,333 (78.1) 20.02 34,874 (77.4) 34,877 (77.4) 0.00
Antiplatelets 12,197 (16.7) 11,104 (17.2) 20.01 7,476 (16.6) 7,542 (16.7) 0.00
Anticoagulants 6,063 (8.3) 6,399 (9.9) 20.06 4,137 (9.2) 4,159 (9.2) 0.00
Oral corticosteroids 19,502 (26.8) 18,269 (28.4) 20.04 12,463 (27.7) 12,434 (27.6) 0.00
Bisphosphonates 2,971 (4.1) 2,267 (3.5) 0.03 1,589 (3.5) 1,586 (3.5) 0.00
Antibiotics targeting UTIs 20,633 (28.3) 20,628 (32.0) 20.08 13,699 (30.4) 13,711 (30.4) 0.00
Opioids 23,530 (32.3) 25,056 (38.9) 20.14 16,301 (36.2) 16,305 (36.2) 0.00
Benzodiazepines 10,203 (14.0) 9,803 (15.2) 20.03 6,746 (15.0) 6,747 (15.0) 0.00

Measures of health care use
Hospitalization within prior 30 days, n (%) 717 (1.0) 812 (1.3) 20.03 501 (1.1) 491 (1.1) 0.00
Hospitalization during prior 31–365 days, n

(%) 6,842 (9.4) 7,762 (12.0) 20.08 4,771 (10.6) 4,768 (10.6) 0.00
No. of hospital days, mean (SD) 0.67 (3.05) 0.91 (3.60) 20.07 0.77 (3.37) 0.78 (3.43) 0.00
No. of emergency department visits, mean

(SD) 0.71 (1.78) 0.86 (1.94) 20.08 0.79 (1.85) 0.79 (1.86) 0.00
No. of office visits, mean (SD) 10.72 (7.60) 12.16 (8.36) 20.18 11.36 (7.90) 11.36 (7.75) 0.00
Endocrinologist visit within prior 30 days,

n (%) 8,789 (12.1) 11,963 (18.6) 20.18 6,840 (15.2) 6,829 (15.2) 0.00
Endocrinologist visit during prior 31–

365 days, n (%) 10,873 (14.9) 12,883 (20.0) 20.13 7,891 (17.5) 7,875 (17.5) 0.00
Cardiologist visit within prior 30 days, n (%) 7,051 (9.7) 6,869 (10.7) 20.03 4,486 (10.0) 4,563 (10.1) 0.00
Cardiologist visit during prior 31–365 days, n

(%) 27,931 (38.3) 27,491 (42.7) 20.09 18,155 (40.3) 18,210 (40.4) 0.00
No. of electrocardiograms, mean (SD) 1.13 (1.91) 1.27 (2.11) 20.07 1.19 (1.98) 1.19 (2.03) 0.00
Echocardiogram, n (%) 15,297 (21.0) 15,410 (23.9) 20.07 9,995 (22.2) 10,044 (22.3) 0.00
Number of distinct prescriptions, mean (SD) 13.35 (6.03) 14.73 (6.25) 20.22 14.04 (6.24) 14.04 (5.94) 0.00
No. of HbA1c tests ordered, mean (SD) 2.81 (1.36) 2.89 (1.42) 20.06 2.85 (1.37) 2.84 (1.37) 0.01

DPP-4, dipeptidyl peptidase 4; HbA1c, hemoglobin A1c; St. Diff, standardized differences, i.e., the difference in means or proportions divided by the
pooled SD (30). *Canagliflozin, 76.9%; dapagliflozin, 13.1%; empagliflozin, 11.1%; liraglutide, 58.7%; exenatide, 23.5%; dulaglutide, 14.8%; albiglutide,
3.0%. †Gagne et al. (32). ¶Defined as patients without any use of glucose-loweringmedications during the 12months prior to cohort entry. §Based on
ICD coding. |Defined as history of myocardial infarction, unstable angina, coronary atherosclerosis and other forms of chronic ischemic heart disease,
coronary procedure, heart failure, ischemic or hemorrhagic stroke, transient ischemic attack, peripheral arterial disease or surgery, or lower-extremity
amputation. ‡Localized, generalized, or unspecified edema.

830 SGLT2i Versus GLP-1RA in Older Patients Diabetes Care Volume 44, March 2021

https://doi.org/10.2337/figshare.13476855


initiation appeared to have greater ben-
efits with respect to the risk of cardio-
vasculardeath (HR0.67 [95%CI0.50,0.90];
RD22.59 [95% CI24.50,20.68]) and all-
cause mortality (HR 0.82 [95% CI 0.68,
0.99]; RD 22.79 [95% CI 25.61, 0.03])
among patients with CVD, whereas no
difference in risk of these outcomes was
noted between the two agents among
patients without CVD. Results from sub-
group analyses by age, history of chronic
kidneydisease, andpresenceofmetformin
at cohort entry were consistent with pri-
mary findings and did not show effect
heterogeneity on either the relative or
the absolute scale (Supplementary Fig. 3).

CONCLUSIONS

In a large population-based cohort study
of ;90,000 older adults with T2D in the
U.S. withmean age of 72 years, we found
similar risk of MACE, and a 32% decreased
risk of HHF, among SGLT2i initiators
comparedwithGLP-1RA initiators. SGLT2i
initiation was associated with a 46% in-
creasedriskofDKA,a44%increasedriskof
amputations, and a 3.3-fold increased risk
ofgenital infections, corresponding to0.7,
0.9, and 57.1 more cases per 1,000 per-
son-years. Conversely, SGLT2i initiators
had a 15% decreased risk of AKI (7.1
fewer events per 1,000 person-years)
and no difference in the risks of fractures
or severe UTI.
We observed some evidence of het-

erogeneity in the comparative effec-
tiveness of SGLT2i versus GLP-1RA
depending on the presence of baseline
CVD. Among patients with history of

CVD, the initiation of SGLT2i was asso-
ciated with reductions in the risk of HHF
(5.9 fewer events per 1,000 person-
years), cardiovascular death (2.6 fewer
events per 1,000 person-years), and all-
cause mortality (2.8 fewer events per
1,000 person-years) compared with
GLP-1RA. Among those without history
of CVD, SGLT2i versus GLP-1RA initiation
produced reductions in HHF, though
with a benefit of substantially lower
magnitude (1.1 fewer events per 1,000
person-years) andnobenefit in the risk of
the other effectiveness outcomes.

This study complements available in-
formation from published CVOTs (4–11),
including two recent meta-analyses of
trials evaluating SGLT2i and GLP-1RA,
showingamoremarkedbenefit of SGLT2i
in prevention of HHF (33,34). Our study
focuses on routinely treated patients on
average 10 years older than the patients
included in these trials, providing infor-
mationonasubsetof thepopulationwith
diabetes underrepresented in CVOTs. It
includes patients across a broader spec-
trumof CVDs at baseline, allowing for the
exploration of drug effectiveness among
patients with and without established
CVD. Our study identifies a population of
patients 5 to 10 times larger than the
populations included in trials, allowing
for the investigation of adverse events
associated with the use of these classes
of medications with greater precision
and in an older population particularly
vulnerable to them. Finally, it provides
comprehensive information on the com-
parative effectiveness and safety of the

twodrugclassescurrently recommended
among T2D patients with atherosclerotic
CVD, heart failure, or chronic kidney
disease throughadirect contrast of these
agents as used in routine care and with
use of data collected prior to the large
dissemination of the evidence demon-
strating their cardiovascular or renal
benefits, thus limiting chances of chan-
neling bias.

While a direct comparison of the
SGLT2i and GLP-1RA class with regard
to cardiovascular effectiveness outcomes
and mortality has not been addressed in a
population-based investigation, informa-
tionon their comparative safetyhasbeen
reported for selected outcomes in pre-
vious 1:1 PS-matched analyses involving
adult patients (28,35,36). In spite of the
difference in mean age between our
population and these cohorts (72 vs.
54–61 years), our results for DKA, frac-
tures, LLA, and severe UTI are consistent
with thefindings from these studies. Two
studies recently reported on the associ-
ation between SGLT2i and LLA (37,38);
while the former study confirmed an
increased risk of LLA among older can-
agliflozin initiatorswithbaselineCVD, the
latter did not observe an association
between SGLT2i and LLA. The lack of
an association in the latter investigation
may be due to the different represen-
tation of canagliflozin in the population
of SGLT2i users, the younger age, or the
difference in studydesign, i.e., prevalent
new-user design. Nevertheless, our
study, which included .45,000 older
patients exposed to SGLT2i, allowed us

Table 2—Number of events, person-time, and incidence rates for cardiovascular effectiveness outcomes in 1:1 PS-matched
initiators of SGLT2i versus GLP-1RA

SGLT2i (N 5 45,047) GLP-1RA (N 5 45,047)

SGLT2i vs. GLP-1RA

HR (95% CI) RD/1,000 PY (95% CI)

Primary outcomes
MACE* 597 (17.99) 553 (18.37) 0.98 (0.87, 1.10) 20.38 (22.48, 1.72)
HHF 234 (7.02) 309 (10.25) 0.68 (0.57, 0.80) 23.23 (24.68, 21.77)

Secondary effectiveness outcomes
MI 301 (9.05) 277 (9.18) 0.98 (0.84, 1.16) 20.14 (21.63, 1.35)
Ischemic or hemorrhagic stroke 214 (6.43) 187 (6.19) 1.04 (0.86, 1.27) 0.24 (21.00, 1.47)
Cardiovascular mortality 115 (3.44) 124 (4.10) 0.83 (0.64, 1.07) 20.65 (21.61, 0.30)
All-cause mortality 310 (9.28) 293 (9.68) 0.95 (0.81, 1.11) 20.40 (21.91, 1.12)
MACE or HHF† 803 (24.24) 820 (27.33) 0.89 (0.80, 0.98) 23.09 (25.60, 20.58)
MI, stroke, HHF, or all-cause mortality 985 (29.74) 970 (32.33) 0.92 (0.84, 1.002) 22.59 (25.35, 0.16)

Data are N events (incidence rate/1,000 person-years) unless otherwise indicated. MI, myocardial infarction; PY, person-years. *Hospitalization for
myocardial infarction, ischemic or hemorrhagic stroke, or cardiovascularmortality. †Hospitalization formyocardial infarction, ischemic or hemorrhagic
stroke, cardiovascular mortality, or HHF.
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to quantify the risk of fractures and
severe UTI in a vulnerable older popu-
lation while also reporting precise esti-
mates of the increased risk of DKA and
LLA, and a reduction in the risk of AKI,
compared with GLP-1RA. Our study also
quantified the risk of genital infections
among older patients routinely treated
with SGLT2i vs. GLP-1RA; while this is an
adverse event of lesser severity compared
with other safety outcomes, e.g., DKA, its

occurrence may deter patients from con-
tinuing SGLT2i therapydespite its potential
benefits.

This study has limitations. First, while
we balanced 140 baseline characteristics
between treatment groups through PS
matching, residual confounding by some
unmeasured (e.g., hemoglobin A1c level,
diabetes duration, BMI, estimated glo-
merular filtration rate, ejection fraction)
or not fully measured (e.g., obesity)

characteristic(s) in claims, cannot be
entirely ruled out. However, a previous
new-user active comparator cohort
study with use of claims data linked to
electronic health records showed suffi-
cient balance inmany of these character-
istics after adjustment for claims-based
proxies of diabetes severity and duration
(39). Second, due to the limited use of
SGLT2i or GLP-1RA agents besides can-
agliflozin and liraglutide, respectively, in

Figure 1—Cumulative incidence for composite cardiovascular outcome and HHF comparing PS-matched SGLT2i vs. GLP-1RA initiators overall and by
history of CVD. 1Hospitalization for myocardial infarction, ischemic or hemorrhagic stroke, or cardiovascular mortality. 2History of CVD is defined as
historyofmyocardial infarction,unstableangina, coronaryatherosclerosis andother formsof chronic ischemicheartdisease, coronaryprocedure,heart
failure, ischemic or hemorrhagic stroke, transient ischemic attack, peripheral arterial disease or surgery, or lower-extremity amputation. Data are n
unless otherwise indicated.
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the U.S. during the study period, wewere
unable toperforma real-world evaluation
of the effectiveness and safety of more
recently marketed SGLT2i or GLP-1RA
agents. Third, as this investigation was
based on the use of SGLT2i or GLP-1RA in
routine care, the mean study follow-up
(i.e., time on treatment) was shorter
compared with CVOTs, which have sub-
stantial measures in place to improve
medication adherence. Randomized con-
trolled trials generally require long follow-
up to accumulate sufficient events for
powered analyses. The size of our study
population (;90,000 patients) allowedus
to generate results with high precision,
despite a shorter duration of follow-up.
Assuming no time-varying hazards, as

confirmed in our analyses, these results
should be generalizable to longer-term
findings. Nevertheless, long-term clinical
trials powered to assess cardiovascular
events would be needed to confirm the
risk-benefit profile of SGLT2i versus GLP-
1RA. Fourth, the current study did not
specifically address the safety signals as-
sociated with the use of GLP-1RA, in-
cluding acute pancreatitis and acute
gallbladder or biliary disease (40), which
may also be taken into consideration in
the assessment of the benefit-risk bal-
ance of SGLT2i and GLP-1RA. Lastly, our
study population did not include older
commercially insured or Medicare Ad-
vantage patients, who are more likely
to have differential socioeconomic

status, medication adherence, and risk
factors for outcomes. However, the bi-
ological effect of SGLT2i on health out-
comes is unlikely to differ by insurance
status; thus, our resultsmay generalize to
other older populations besides Medi-
care Fee-for-Service.

Conclusion
Overall, in a large population-based co-
hort study of ;90,000 older adults with
T2D, the initiation of SGLT2i versus GLP-
1RA was associated with a similar occur-
renceofMACE, 3.2 fewerHHFevents, 0.7
more DKA, 0.9 more LLA, 57.1 more
genital infection, and 7.1 fewer AKI
events over 1,000 person-years. SGLT2i
appeared to be associated with greater

Table 3—Number of events, person-time, and incidence rates for safety outcomes in 1:1 PS-matched initiators of SGLT2i
versus GLP-1RA

Safety outcomes SGLT2i (N 5 45,047) GLP-1RA (N 5 45,047)

SGLT2i vs. GLP-1RA

HR (95% CI) RD/1,000 PY (95% CI)

DKA 79 (2.37) 50 (1.65) 1.46 (1.02, 2.07) 0.72 (0.02, 1.41)

Bone fracture* 181 (5.43) 175 (5.80) 0.94 (0.76, 1.16) 20.36 (21.53, 0.81)

LLA 104 (3.12) 67 (2.22) 1.44 (1.06, 1.96) 0.90 (0.10, 1.70)

GIs 2,623 (82.31) 753 (25.23) 3.34 (3.08, 3.62) 57.08 (53.45, 60.70)

AKI 1,268 (38.49) 1,352 (45.54) 0.85 (0.79, 0.92) 27.05 (210.27, 23.83)

Severe UTI† 147 (4.41) 161 (5.33) 0.83 (0.67, 1.04) 20.92 (22.01, 0.17)

Data are N events (incidence rate/1,000 person-years) unless otherwise indicated. GIs, genital infections; PY, person-years. *Humerus, wrist, hip, and
pelvis fracture. †UTI requiring hospitalization.

Figure2—Cardiovasculareffectivenessandsafetyoutcomes in subgroupsof1:1PS-matched initiatorsofSGLT2i vs.GLP-1RAbyhistoryofCVD.Historyof
CVD isdefinedashistoryofmyocardial infarction,unstableangina, coronaryatherosclerosis andother formsof chronic ischemicheartdisease, coronary
procedure, heart failure, ischemic or hemorrhagic stroke, transient ischemic attack, peripheral arterial disease or surgery, or lower-extremity
amputation. Patients with CVD, 41,308; patients without CVD, 48,658. 2Hospitalization for myocardial infarction, ischemic or hemorrhagic stroke, or
cardiovascularmortality. 3Hospitalization for myocardial infarction, ischemic or hemorrhagic stroke, cardiovascular mortality, or HHF. 4Hospitalization
for myocardial infarction, ischemic or hemorrhagic stroke, all-cause mortality, or HHF. PY, person-years.
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cardiovascular benefit than GLP-1RA
among older patients with history of
CVD, with less benefit in those without
history of CVD.
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