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Abstract

Background
Current guidelines recommend both Glucagon-Like-Peptide 1 receptor agonists (GLP1-RAs) and Sodium-glucose-transporter 2
inhibitors (SGLT2i) for patients with type 2 diabetes and atherosclerotic cardiovascular disease. Patients with peripheral artery disease
(PAD) and diabetes are at particularly high risk of major adverse limb events (MALE), amputation, and mortality. While both drug
classes have demonstrated cardiovascular benefits, real-world evidence regarding the safety and effectiveness of their combined use
in PAD, particularly with respect to limb outcomes and mortality, remains limited.

Methods
We conducted a retrospective observational cohort study using the Clalit Health Services electronic medical record database. Patients
with PAD and diabetes from 2015 to 2026 were classified into four groups: neither GLP1-RA nor SGLT2i, GLP1-RA alone, SGLT2i alone,
and both GLP1-RA/SGLT2i therapy. Outcomes included MALE, limb revascularization, major and minor amputation, and all-cause
mortality. Multinomial propensity scores and stabilized inverse probability of treatment weighting were used to balance baseline
covariates, and weighted Cox models were used to estimate hazard ratios.

Results
The cohort included 13,471 patients. Median follow-up was 5.75 years for MALE and 4.42 years for mortality. Compared with neither
treatment, combined therapy was associated with lower hazards of MALE (HR, 0.50; 95% CI, 0.33–0.75), major amputation (HR, 0.30;
95% CI, 0.17–0.53), and all-cause mortality (HR, 0.23; 95% CI, 0.19–0.28). SGLT2i monotherapy was also associated with reduced
MALE, major amputation, and mortality, while GLP1RA monotherapy was associated with lower mortality; limb-specific estimates were
limited by smaller subgroup size and event numbers.

Conclusions
Among patients with PAD and diabetes, treatment with GLP1-RA and SGLT2i was associated with lower MALE and mortality. SGLT2i
showed the same trends. GLP1RA monotherapy showed a survival benefit, while its limb-specific associations should be interpreted
with caution, given the limited subgroup size and event numbers.

Research Insights
What is currently known about this topic?

PAD with diabetes carries high limb-event and mortality risk.

GLP1-RAs and SGLT2is reduce cardiovascular risk in diabetes.

Combined limb-outcome data in PAD remain limited.

What is the key research question?

Are GLP1-RA/SGLT2i therapies linked to lower MALE and mortality in PAD and diabetes?

What is new?

This cohort included 13,471 patients with PAD and diabetes.

Combined therapy was linked to lower MALE, major amputation, and mortality.

SGLT2i showed favorable limb safety; GLP1-RA mainly showed survival benefit.

How might this study influence clinical practice?
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Findings support considering dual therapy in eligible patients with PAD and diabetes.

 

Background
Peripheral artery disease (PAD) is a severe manifestation of systemic atherosclerosis that disproportionately affects individuals with
diabetes (1). The coexistence of diabetes and PAD significantly amplifies the risk of major adverse limb events (MALE), including
critical limb ischemia and major lower extremity amputation, alongside an increased risk of overall cardiovascular mortality (2).

The pharmacological management of diabetes has evolved with the introduction of glucagon-like peptide-1 receptor agonists (GLP1-
RAs) and then sodium-glucose cotransporter-2 inhibitors (SGLT2i).. Large cardiovascular outcome trials have demonstrated that these
agents reduce major adverse cardiovascular events and mortality (3), (4). (5). However, the specific impact on limb-related outcomes
in patients with PAD remains a subject of ongoing research. Early concerns regarding limb safety of SGLT2i were raised by the CANVAS
program, which reported an increased risk of lower limb amputations associated with the SGLT2i canagliflozin (6), (7). This initial
safety signal generated clinical hesitation in prescribing SGLT2is to patients with established PAD. Subsequent analyses by Alipour et
al. (8) and Ueda et al. (9) suggested a potential increase in amputation risk, whereas Skeik et al. (10) reported a more neutral limb
safety profile.

Furthermore, while contemporary guidelines increasingly recommend the concurrent use of both GLP1-RAs and SGLT2is for
cardiovascular risk reduction in high-risk diabetic patients (11), (12), real-world data evaluating their comparative and combined
effectiveness on MALE in a dedicated PAD cohort are limited. A critical knowledge gap persists regarding whether the combined
administration of these agents is associated with additive limb salvage and survival benefits over standard monotherapy (11).

To address this gap, we conducted a large retrospective observational cohort study. Our primary objective was to evaluate the
independent and combined associations of GLP1-RA and SGLT2i therapy with the incidence of MALE and all-cause mortality among
patients with concurrent PAD and diabetes.

Method

Data Source and Study Design
This retrospective observational cohort study was conducted using the electronic medical record database of Clalit Health Services
(CHS) in the Central District of Israel, the largest integrated healthcare organization in Israel, which provides longitudinal care for
approximately half of the Israeli population. The database contains comprehensive patient-level information, including demographic
characteristics, outpatient and inpatient diagnoses, laboratory measurements, medication dispensations, procedural records, vascular
interventions, hospitalizations, and mortality data. Data were extracted using the Clalit Research Data Sharing Platform powered by
MDClone.

All cohort definitions, exposures, comorbidities, outcomes, and medications were identified using structured electronic health record
data, including ICD-10 diagnosis codes, procedure codes, Anatomical Therapeutic Chemical medication codes, laboratory results, and
medication dispensation records. Detailed definitions are provided in Supplementary eTables 1–4.

Study Population
The source cohort included 65,033 adults aged ≥ 18 years with PAD identified by ICD-10 codes between January 2000 and April 2026
(Supplementary eTable 1). GLP1-RA and SGLT2i therapies became clinically available in 2010 and 2015, respectively, we therefore
excluded patients with a PVD diagnosed before 2015 to align cohort entry with medication availability and reduce potential immortal
time bias. The cohort was then restricted to patients with documented diabetes mellitus, identified using ICD-10 diagnosis codes as
detailed in Supplementary eTable 1. Patients with outcome events occurring before the index date were excluded. The final analytic
cohort comprised 13,471 patients eligible for the GLP1-RA/SGLT2i exposure comparison. The cohort selection process is shown in
Fig. 1.
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Exposure Groups
Patients were classified into four mutually exclusive exposure groups according to GLP1-RA and SGLT2i use: neither GLP1-RA nor
SGLT2i, GLP1-RA alone, SGLT2i alone, and both GLP1-RA plus SGLT2i therapy. Medication exposure was defined using recorded
medication dispensations, and patients were considered exposed to a given drug class only if at least 2 dispensations were
documented. When treatment initiation dates were available, exposure was defined based on treatment occurring on or after the PAD
diagnosis/index date. Patients who received both drug classes during follow-up were classified in the combined therapy group,
whereas patients without evidence of either treatment were classified as the reference group. To address treatment-timing concerns,
we additionally performed sensitivity analyses excluding patients with GLP1-RA or SGLT2 inhibitor use before PAD diagnosis/index
date and fitted time-varying Cox proportional hazards models in which exposure status was updated during follow-up according to the
first recorded dispensing date of each medication. Patients without evidence of either treatment were classified as the reference group
(Supplementary eTable 3).

Clinical Outcomes
The primary outcome was defined as MALE, a composite of incident lower-limb revascularization or lower-limb amputation during
follow-up, identified using ICD-10 codes (Supplementary eTable 2). Major lower limb amputation was defined as an above-ankle
amputation, while minor amputation was defined as below-ankle.

All-cause mortality was evaluated as an additional secondary outcome and was ascertained from CHS mortality records (10), (11),
(12), (13). Follow-up time was calculated from the index date to the outcome event or censoring. For graphical time-to-event analyses,
follow-up was administratively truncated at 11 years; events occurring after 11 years were censored at 11 years.

Statistical Analysis
Baseline characteristics were summarized across the four exposure groups. Continuous variables were reported as mean (SD), and
categorical variables as number and percentage. Missing baseline continuous covariates were imputed using the cohort median, and
missing binary covariates were imputed using the most frequent observed category. Clinical outcomes were not imputed.

A multinomial propensity score model was used to estimate the probability of membership in each exposure group. Stabilized IPTW
were calculated as the marginal probability of the observed exposure group divided by the predicted probability of that group and were
truncated at the 1st and 99th percentiles for the primary analysis. Covariate balance was assessed using maximum pairwise SMDs
across the four exposure groups, with SMD < 0.10 considered adequate balance. Covariate balance before and after weighting is
shown in Supplementary eFigure 1.

Clinical outcomes were compared using IPTW-weighted Cox proportional hazards models with robust standard errors, with the neither
GLP1-RA/SGLT2i group as the reference category. HRs with 95% CIs were estimated for GLP1-RA alone, SGLT2i alone, and combined
GLP1-RA plus SGLT2i therapy. Weighted incidence rates were calculated as IPTW-weighted events divided by IPTW-weighted person-
years and reported per 100 person-years with 95% CIs. The primary outcome analyses are presented in Table 2.

IPTW-weighted cumulative incidence curves were generated for MALE, and IPTW-weighted Kaplan-Meier survival curves were
generated for all-cause mortality. Number-at-risk tables were displayed below each curve. IPTW-weighted incidence-rate plots were
also generated to compare absolute event burden across exposure groups. For graphical time-to-event and incidence-rate analyses,
follow-up was administratively truncated at 11 years.

Sensitivity analyses included untruncated stabilized weights; weights truncated at the 1st and 99th percentiles; weights truncated at
the 5th and 95th percentiles; IPTW plus covariate adjustment; exclusion of events within 90 days; and follow-up truncation at 5 and 10
years. These analyses are reported in Supplementary eTable 5. To further address treatment-timing concerns and potential immortal
time bias, we performed 2 additional sensitivity analyses. First, we repeated the analysis after excluding patients with GLP1-RA or
SGLT2 inhibitor use before PAD diagnosis/index date; this analysis is reported in Supplementary eTable 6. Second, we fitted time-
varying Cox proportional hazards models in which GLP1-RA and SGLT2i exposure status was updated during follow-up according to
the first recorded dispensing date of each medication, with patients contributing person-time to the combined exposure group only
after both therapies had been initiated; this analysis is reported in Supplementary eTable 7.
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Results
The analytic cohort consisted of 13,471 patients, with a mean age of 69.1 years, a mean body mass index (BMI) of 29.4 kg/m², and
62.8% were male. Of these, 6,616 patients (49.1%) received neither GLP1-RA nor SGLT2i therapy, 732 (5.4%) received GLP1-RA alone,
4,328 (32.1%) received SGLT2i alone, and 1,795 (13.3%) received both GLP1-RA and SGLT2i therapy. Median follow-up was 5.75 years
(IQR, 2.78–8.53) for MALE and 4.42 years (IQR, 1.97–7.43) for all-cause mortality. Before weighting, several baseline characteristics
showed marked imbalance, including age (maximum pairwise SMD, 0.723), BMI (SMD, 0.716), HbA1c (SMD, 0.654), insulin use (SMD,
0.651), and statin use (SMD, 0.632). After IPTW, covariate balance improved substantially; among the 44 covariates with calculable
SMDs, 34 had SMDs < 0.10. The full baseline and weighted characteristics are shown in Table 1.
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Table 1
Baseline Characteristics and Clinical Outcomes Before and After IPTW Weighting

Variable Before weighting After weighting

No
GLP1-
RA/no
SGLT2i

GLP1-
RA
alone

SGLT2i
alone

GLP1-
RA + 
SGLT2
i

Max
pairwise
SMD

No
GLP1-
RA/no
SGLT2
i

GLP1-
RA
alone

SGLT2
I alone

GLP1-
RA + 
SGLT2
i

Max
pairwise
SMD

No. of patients 6616 732 4328 1795   6603.5 660.5 4169.8 1531.2  

Demographic characteristics

Age, mean (SD),
years

71.59
(12.14)

63.20
(11.05)

69.13
(9.88)

64.88
(9.46)

0.723 69.25
(12.32)

67.93
(10.72)

69.48
(10.40)

67.72
(9.38)

0.176

Female sex, No. (%) 2823
(42.7)

387
(52.9)

1296
(29.9)

504
(28.1)

0.505 2503.8
(37.9)

235.5
(35.7)

1513.1
(36.3)

531.0
(34.7)

0.067

Low socioeconomic
status, No. (%)

1091
(16.5)

112
(15.3)

635
(14.7)

259
(14.4)

0.057 1028.2
(15.6)

112.7
(17.1)

652.0
(15.6)

235.8
(15.4)

0.045

Body mass index,
mean (SD)

28.93
(5.78)

33.23
(6.24)

29.24
(5.31)

30.99
(5.35)

0.716 29.68
(6.38)

30.50
(5.21)

29.62
(5.62)

30.25
(5.23)

0.163

Vital sign

Systolic blood
pressure, mean (SD),
mm Hg

129.93
(16.35)

130.52
(15.61)

130.45
(16.33)

131.21
(15.06)

0.082 130.42
(16.08)

130.48
(15.99)

130.73
(16.37)

130.87
(14.55)

0.030

Diastolic blood
pressure, mean (SD),
mm Hg

73.15
(9.95)

75.50
(10.14)

73.08
(9.88)

75.02
(9.54)

0.242 73.63
(9.86)

73.29
(10.09)

73.63
(9.92)

73.99
(9.40)

0.072

Pulse, mean (SD),
beats/min

75.08
(10.13)

76.04
(10.09)

75.18
(10.33)

75.28
(9.80)

0.094 75.39
(10.10)

75.58
(10.22)

75.37
(10.37)

75.34
(9.74)

0.022

Comorbidities and medication use

Hypertension, No.
(%)

5584
(84.4)

694
(94.8)

3912
(90.4)

1623
(90.4)

0.285 5753.2
(87.1)

581.3
(88.0)

3665.8
(87.9)

1328.6
(86.8)

0.041

Dyslipidemia, No. (%) 6166
(93.2)

698
(95.4)

4256
(98.3)

1775
(98.9)

0.291 6311.1
(95.6)

636.6
(96.4)

4013.0
(96.2)

1473.9
(96.3)

0.041

Hypertriglyceridemia,
No. (%)

112
(1.7)

22
(3.0)

86
(2.0)

47
(2.6)

0.087 146.2
(2.2)

14.9
(2.3)

95.9
(2.3)

36.0
(2.4)

0.009

Coronary artery
disease, No. (%)

2837
(42.9)

240
(32.8)

2655
(61.3)

1103
(61.4)

0.574 3282.0
(49.7)

330.4
(50.0)

2052.0
(49.2)

792.3
(51.7)

0.041

Myocardial
infarction, No. (%)

1583
(23.9)

117
(16.0)

1615
(37.3)

627
(34.9)

0.482 1851.9
(28.0)

204.2
(30.9)

1237.0
(29.7)

433.9
(28.3)

0.063

Heart failure, No. (%) 2091
(31.6)

151
(20.6)

1818
(42.0)

625
(34.8)

0.461 2285.1
(34.6)

228.2
(34.5)

1482.2
(35.5)

543.9
(35.5)

0.021

Atrial fibrillation, No.
(%)

1651
(25.0)

121
(16.5)

1099
(25.4)

367
(20.4)

0.218 1601.8
(24.3)

168.2
(25.5)

1022.0
(24.5)

358.3
(23.4)

0.048

Note. Values are presented as mean (SD) for continuous variables and No. (%) for categorical variables. Weighted values are
shown after applying stabilized IPTW, truncated at the 1st and 99th percentiles, and may therefore be noninteger. The SMD
columns represent the maximum pairwise standardized mean difference across the four exposure groups. Clinical outcomes are
shown descriptively and were not included in the propensity score model or in covariate balance assessment. Empty SMD cells
indicate outcomes or noncalculable SMDs. GLP1-RA indicates glucagon-like peptide-1 receptor agonist; IPTW, inverse
probability of treatment weighting; MALE, major adverse limb events; PAD, peripheral artery disease; SGLT2i, sodium-glucose
cotransporter-2 inhibitor; SMD, standardized mean difference. Balance Summary. A total of 45 baseline covariates were
assessed, of which 44 had calculable SMDs. Before weighting, 9 covariates had SMD < 0.10; after weighting, 34 covariates had
SMD < 0.10. The maximum pairwise SMD decreased from 0.723 to 0.239, and the median SMD decreased from 0.323 to 0.063.
IPTW substantially reduced baseline imbalance across the GLP1/SGLT2 exposure groups, although residual imbalance remained
for a limited number of covariates, including insulin use and statin use. These variables may be considered in secondary adjusted
or sensitivity models if clinically appropriate.
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Variable Before weighting After weighting

No
GLP1-
RA/no
SGLT2i

GLP1-
RA
alone

SGLT2i
alone

GLP1-
RA + 
SGLT2
i

Max
pairwise
SMD

No
GLP1-
RA/no
SGLT2
i

GLP1-
RA
alone

SGLT2
I alone

GLP1-
RA + 
SGLT2
i

Max
pairwise
SMD

No. of patients 6616 732 4328 1795   6603.5 660.5 4169.8 1531.2  

Stroke, No. (%) 1888
(28.5)

154
(21.0)

1147
(26.5)

459
(25.6)

0.173 1836.5
(27.8)

169.8
(25.7)

1118.0
(26.8)

417.7
(27.3)

0.048

Transient ischemic
attack, No. (%)

1063
(16.1)

94
(12.8)

638
(14.7)

284
(15.8)

0.092 1033.3
(15.6)

105.9
(15.9)

637.9
(15.3)

215.6
(14.1)

0.051

Chronic kidney
disease, No. (%)

2548
(38.5)

202
(27.6)

1770
(40.9)

725
(40.4)

0.280 2647.1
(40.1)

268.1
(40.6)

1669.4
(40.0)

612.0
(40.0)

0.013

Poly-vascular
disease, No. (%)

496
(7.5)

61
(8.3)

456
(10.5)

274
(15.3)

0.245 607.9
(9.2)

72.9
(11.0)

402.3
(9.6)

164.1
(10.7)

0.061

Claudication PAD,
No. (%)

1661
(25.1)

229
(31.3)

1311
(30.3)

638
(35.5)

0.227 1852.6
(28.1)

193.1
(29.2)

1215.1
(29.1)

442.2
(28.9)

0.026

Statin use, No. (%) 4847
(73.3)

641
(87.6)

3998
(92.4)

1724
(96.0)

0.632 5477.1
(82.9)

575.5
(87.1)

3541.9
(84.9)

1375.8
(89.9)

0.202

Antiplatelet use, No.
(%)

4073
(61.6)

504
(68.9)

3391
(78.4)

1531
(85.3)

0.537 4584.0
(69.4)

480.1
(72.7)

2999.6
(71.9)

1131.9
(73.9)

0.100

Anticoagulant use,
No. (%)

2022
(30.6)

219
(29.9)

1469
(33.9)

591
(32.9)

0.086 2105.9
(31.9)

230.2
(34.9)

1375.9
(33.0)

495.7
(32.4)

0.063

RAAS inhibitor use,
No. (%)

4,206
(63.6)

519
(70.9)

3,658
(84.5)

1,574
(87.7)

0.562 4,822.8
(73.0)

498.4
(75.5)

3,297.8
(79.1)

1,227.4
(80.2)

0.168

Beta-blocker use, No.
(%)

3391
(51.3)

388
(53.0)

2958
(68.3)

1235
(68.8)

0.358 3863.4
(58.5)

408.2
(61.8)

2517.3
(60.4)

946.0
(61.8)

0.067

Insulin use, No. (%) 1398
(21.1)

223
(31.7)

1824
(42.1)

943
(52.5)

0.651 2179.4
(33.0)

294.8
(44.6)

1420.0
(34.1)

599.4
(39.1)

0.239

Biguanide use, No.
(%)

2889
(43.7)

525
(71.7)

2333
(53.9)

1331
(74.2)

0.620 3444.7
(52.2)

379.2
(57.4)

2296.2
(55.1)

894.8
(58.4)

0.126

laboratory

Creatinine, mean
(SD), mg/dL

1.27
(1.40)

0.95
(0.85)

0.98
(0.48)

0.94
(0.49)

0.314 1.13
(1.08)

1.10
(1.08)

1.06
(0.85)

1.05
(0.98)

0.077

Urea, mean (SD),
mg/dL

48.09
(31.46)

39.49
(22.08)

43.08
(18.91)

39.76
(16.42)

0.332 45.25
(27.19)

43.93
(25.80)

44.68
(23.05)

43.64
(22.45)

0.065

Hemoglobin, mean
(SD), g/dL

13.12
(1.81)

13.40
(1.81)

13.71
(1.74)

13.80
(1.71)

0.381 13.40
(1.79)

13.45
(1.67)

13.46
(1.77)

13.58
(1.80)

0.100

Hematocrit, mean
(SD), %

40.35
(5.21)

41.11
(4.46)

42.16
(4.98)

42.29
(4.91)

0.383 41.17
(5.18)

41.29
(4.68)

41.32
(5.06)

41.72
(5.21)

0.104

HbA1c, mean (SD), % 6.73
(1.33)

8.97
(1.55)

7.43
(1.57)

7.71
(1.63)

0.654 7.19
(1.82)

7.28
(1.72)

7.17
(1.43)

7.32
(1.41)

0.108

Note. Values are presented as mean (SD) for continuous variables and No. (%) for categorical variables. Weighted values are
shown after applying stabilized IPTW, truncated at the 1st and 99th percentiles, and may therefore be noninteger. The SMD
columns represent the maximum pairwise standardized mean difference across the four exposure groups. Clinical outcomes are
shown descriptively and were not included in the propensity score model or in covariate balance assessment. Empty SMD cells
indicate outcomes or noncalculable SMDs. GLP1-RA indicates glucagon-like peptide-1 receptor agonist; IPTW, inverse
probability of treatment weighting; MALE, major adverse limb events; PAD, peripheral artery disease; SGLT2i, sodium-glucose
cotransporter-2 inhibitor; SMD, standardized mean difference. Balance Summary. A total of 45 baseline covariates were
assessed, of which 44 had calculable SMDs. Before weighting, 9 covariates had SMD < 0.10; after weighting, 34 covariates had
SMD < 0.10. The maximum pairwise SMD decreased from 0.723 to 0.239, and the median SMD decreased from 0.323 to 0.063.
IPTW substantially reduced baseline imbalance across the GLP1/SGLT2 exposure groups, although residual imbalance remained
for a limited number of covariates, including insulin use and statin use. These variables may be considered in secondary adjusted
or sensitivity models if clinically appropriate.
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Variable Before weighting After weighting

No
GLP1-
RA/no
SGLT2i

GLP1-
RA
alone

SGLT2i
alone

GLP1-
RA + 
SGLT2
i

Max
pairwise
SMD

No
GLP1-
RA/no
SGLT2
i

GLP1-
RA
alone

SGLT2
I alone

GLP1-
RA + 
SGLT2
i

Max
pairwise
SMD

No. of patients 6616 732 4328 1795   6603.5 660.5 4169.8 1531.2  

LDL cholesterol,
mean (SD), mg/dL

91.78
(33.51)

94.96
(33.95)

81.73
(32.79)

87.68
(33.58)

0.396 88.58
(33.00)

87.99
(32.65)

88.17
(34.41)

88.29
(32.80)

0.070

HDL cholesterol,
mean (SD), mg/dL

45.34
(11.73)

44.51
(10.81)

42.78
(10.84)

41.47
(10.15)

0.353 44.02
(11.29)

43.53
(10.69)

43.95
(11.31)

43.30
(11.09)

0.064

Total cholesterol,
mean (SD), mg/dL

188.30
(42.18)

172.76
(41.07)

158.90
(44.42)

164.90
(43.71)

0.371 164.24
(43.38)

164.98
(40.80)

164.08
(45.65)

162.16
(41.94)

0.068

Non-HDL cholesterol,
mean (SD), mg/dL

120.81
(38.79)

127.92
(38.81)

114.09
(40.88)

123.48
(41.61)

0.347 120.09
(40.99)

121.75
(38.07)

119.82
(41.82)

118.55
(39.08)

0.083

AST, mean (SD) 22.70
(14.85)

23.39
(11.07)

22.71
(10.57)

23.09
(10.87)

0.062 22.75
(13.17)

22.42
(9.54)

22.69
(11.22)

22.38
(8.87)

0.035

Clinical outcomes during follow-up

Major adverse limb
events (MALE), No.
(%)

357
(5.4)

23
(3.1)

182
(4.2)

79
(4.4)

  410.9
(6.2)

26.5
(4.0)

147.3
(3.5)

53.4
(3.5)

 

Limb
revascularization,
No. (%)

202
(3.1)

16
(2.2)

121
(2.8)

59
(3.3)

  246.2
(3.7)

21.1
(3.2)

94.1
(2.3)

42.8
(2.8)

 

Major amputation,
No. (%)

179
(2.7)

9 (1.2) 74
(1.7)

25
(1.4)

  192.8
(2.9)

8.7
(1.3)

61.9
(1.5)

13.1
(0.9)

 

Minor amputation,
No. (%)

46
(0.7)

4 (0.5) 45
(1.0)

29
(1.6)

  59.0
(0.9)

10.1
(1.5)

42.7
(1.0)

21.4
(1.4)

 

All-cause mortality,
No. (%)

2551
(38.6)

104
(14.2)

708
(16.4)

201
(11.2)

  2547.9
(38.6)

165.9
(25.1)

676.3
(16.2)

176.7
(11.5)

 

Note. Values are presented as mean (SD) for continuous variables and No. (%) for categorical variables. Weighted values are
shown after applying stabilized IPTW, truncated at the 1st and 99th percentiles, and may therefore be noninteger. The SMD
columns represent the maximum pairwise standardized mean difference across the four exposure groups. Clinical outcomes are
shown descriptively and were not included in the propensity score model or in covariate balance assessment. Empty SMD cells
indicate outcomes or noncalculable SMDs. GLP1-RA indicates glucagon-like peptide-1 receptor agonist; IPTW, inverse
probability of treatment weighting; MALE, major adverse limb events; PAD, peripheral artery disease; SGLT2i, sodium-glucose
cotransporter-2 inhibitor; SMD, standardized mean difference. Balance Summary. A total of 45 baseline covariates were
assessed, of which 44 had calculable SMDs. Before weighting, 9 covariates had SMD < 0.10; after weighting, 34 covariates had
SMD < 0.10. The maximum pairwise SMD decreased from 0.723 to 0.239, and the median SMD decreased from 0.323 to 0.063.
IPTW substantially reduced baseline imbalance across the GLP1/SGLT2 exposure groups, although residual imbalance remained
for a limited number of covariates, including insulin use and statin use. These variables may be considered in secondary adjusted
or sensitivity models if clinically appropriate.

The IPTW-weighted clinical outcome analysis is summarized in Table 2. Compared with patients receiving neither GLP1-RA nor SGLT2i
therapy, administration of both GLP1-RA/SGLT2i therapy was associated with significantly lower hazards of MALE (HR, 0.50; 95% CI,
0.33–0.75; P<.001) and major amputation (HR, 0.30; 95% CI, 0.17–0.53; P<.001). SGLT2 inhibitor monotherapy was also associated
with lower hazards of MALE (HR, 0.67; 95% CI, 0.52–0.88; P=.004) and major amputation (HR, 0.61; 95% CI, 0.43–0.89; P=.010). GLP1-
RA monotherapy showed numerically lower hazards of MALE and major amputation, but these estimates did not reach statistical
significance. All active treatment groups were associated with lower all-cause mortality, with the greatest reduction observed in the
among patients receiving both GLP1-RA and SGLT2i therapy.

The sensitivity analyses are presented in eTable 5. Overall, the direction of the associations was consistent across alternative
weighting strategies, covariate-adjusted IPTW models, exclusion of early events, and follow-up truncation analyses. The most stable
findings were the lower mortality associated with GLP1-RA alone, SGLT2i alone, and both GLP1-RA and SGLT2I therapy, as well as the
lower major amputation risk observed for SGLT2i alone and among patients receiving both GLP1-RA and SGLT2i therapy.
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Discussion
In this large real-world retrospective cohort study comprising 13,471 patients with concurrent PAD and diabetes, we evaluated the
comparative associations of GLP1-RAs and SGLT2is, with MALE and all-cause mortality outcomes. Compared with patients receiving
neither therapy, administration of both GLP1-RA and SGLT2i therapy was associated with lower hazards of MALE (HR, 0.50; 95% CI,
0.33–0.75), major amputation (HR, 0.30; 95% CI, 0.17–0.53), and all-cause mortality (HR, 0.23; 95% CI, 0.19–0.28). SGLT2i
monotherapy was associated with similarly reduced hazards of MALE and major amputation, supporting a favorable limb-specific
association. GLP1-RA monotherapy was associated with lower overall mortality; however, its limb-specific estimates should be

Table 2
IPTW-Weighted Clinical Outcomes According to GLP1-RA/SGLT2i Exposure Group

Outcome No GLP1-RA
and no
SGLT2i

Incidence
rate (95% CI)

GLP1-RA
alone

Incidence
rate (95% CI)

GLP1-RA
alone

HR (95%
CI); P
value

SGLT2i
alone

Incidence
rate (95% CI)

SGLT2i
alone

HR (95%
CI); P
value

GLP1-RA + 
SGLT2i

Incidence
rate (95% CI)

GLP1-RA 
+ SGLT2i

HR (95%
CI); P
value

Major adverse limb
events (MALE)

0.7 (0.6–0.7) 0.4 (0.2–0.5) 0.55
(0.26–
1.16);
.116

0.5 (0.4–0.6) 0.67
(0.52–
0.88); .004

0.3 (0.2–0.5) 0.50
(0.33–
0.75);
<.001

Limb
revascularization

0.3 (0.3–0.4) 0.2 (0.1–0.4) 0.81
(0.30–
2.22);
.687

0.3 (0.2–0.3) 0.72
(0.50–
1.03); .070

0.2 (0.1–0.3) 0.73
(0.43–
1.24); .249

Major amputation 0.4 (0.4–0.5) 0.2 (0.1–0.3) 0.45
(0.18–
1.15);
.097

0.3 (0.2–0.4) 0.61
(0.43–
0.89); .010

0.1 (0.1–0.2) 0.30
(0.17–
0.53);
<.001

Minor amputation 0.1 (0.1–0.2) 0.2 (0.1–0.3) 1.38
(0.32–
5.95);
.666

0.2 (0.1–0.2) 1.10
(0.62–
1.97); .738

0.2 (0.1–0.3) 1.28
(0.67–
2.45); .450

All-cause mortality 8.5 (8.2–8.9) 4.3 (3.6–4.9) 0.50
(0.39–
0.63);
<.001

3.6 (3.3–3.8) 0.42
(0.38–
0.46);
<.001

2.0 (1.7–2.2) 0.23
(0.19–
0.28);
<.001

Note. Incidence rates are weighted events per 100 person-years with 95% confidence intervals. Hazard ratios were estimated using
IPTW-weighted Cox proportional hazards models with robust standard errors. The no GLP1-RA and no SGLT2i group served as the
reference category. GLP1-RA indicates glucagon-like peptide-1 receptor agonist; SGLT2i, sodium-glucose cotransporter-2 inhibitor;
IPTW, inverse probability of treatment weighting; HR, hazard ratio; CI, confidence interval; MALE, major adverse limb events.

IPTW-weighted time-to-event curves demonstrated clear separation between treatment groups for both MALE and all-cause mortality
over 11 years of follow-up. For MALE, the cumulative incidence was highest among patients receiving neither GLP1-RA nor SGLT2I
therapy, whereas patients receiving GLP1-RA alone, SGLT2I alone, or both GLP1-RA/SGLT2i therapy showed lower cumulative event
burden throughout follow-up (Fig. 2A). Differences between treatment groups were statistically significant using IPTW-weighted Cox
models with robust standard errors (global P < .001). For all-cause mortality, overall survival was substantially lower in the no-
treatment group, while both GLP1-RA/SGLT2i group showed the most favorable survival trajectory across follow-up (Fig. 2B; global P <
.001).

Consistent with the time-to-event analyses, IPTW-weighted incidence-rate plots demonstrated lower absolute event rates among
treated groups compared with patients receiving neither therapy (Fig. 3). The largest absolute separation was observed for all-cause
mortality, with the highest incidence rate in the neither GLP1-RA/ SGLT2i group and the lowest rate in both GLP1-RA/SGLT2i group. For
limb-related outcomes, incidence rates of MALE, limb revascularization, and major amputation were generally lower among treated
patients, particularly among those receiving combined therapy, whereas minor amputation rates were low across all groups. Together,
these findings suggest that GLP1-RA and SGLT2i therapy, were associated with lower weighted incidence of adverse limb and mortality
outcomes.
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interpreted cautiously because of the smaller GLP1-RA-alone subgroup and the limited number of MALE events within the primary
weighted models.

This data is relevant given the limited randomized controlled trial data evaluating the combination of GLP-1RAs and SGLT2i in patients
with PAD and diabetes and the scarcity of evidence regarding limb-specific outcomes in this population (14). Importantly, 35% of
participants in the STRIDE trial, which evaluated semaglutide one mg in patients with PAD, were concomitantly using SGLT2i at
baseline. In a subgroup analysis, semaglutide significantly improved maximum walking distance regardless of baseline diabetes
medication use, including SGLT2i. However, the trial was not powered to assess MALE outcomes (14).

In our study, the observed associations across all treatment groups consistently favored reduced risks of adverse limb and mortality
outcomes, with effect estimates generally pointing in the same beneficial direction, supporting the potential effectiveness of these
therapies, particularly when both were used.

Further, these data provide a perspective on historical apprehensions regarding the safety of SGLT2is in patients with advanced PAD.
Neal et al.(6) first reported the increased risk of lower extremity amputation in the CANVAS program, while Guthrie et al.(7) further
discussed the clinical implications of this safety signal. However, our real-world findings align with several analyses (13), (15), (16),
(17), which did not reproduce the severe amputation risk initially observed in the CANVAS program. The absence of an increased
amputation risk among SGLT2i users in our cohort supports a favorable limb safety profile in patients with PAD (10). The discrepancy
between our findings and early safety signals may relate to the observational nature of our data, differences in contemporary foot care
protocols, or population-specific factors.

The observed benefits likely reflect complementary mechanisms of action. SGLT2i exert systemic and local hemodynamic effects,
improving vascular compliance, microvascular perfusion, endothelial function, and inhibiting smooth muscle cell proliferation, which
may help mitigate microvascular failure and restenosis in severe PAD (11), (12), (18). GLP1-RAs reduce systemic inflammation and
atherosclerotic progression, promoting plaque stabilization and lowering the risk of major cardiovascular events and death (12).

Given that limb preservation in advanced PAD depends on both macrovascular and microvascular integrity, these distinct but
complementary mechanisms may contribute to the favorable associations observed with both therapies (19), (20). This concept is
consistent with the framework proposed by Sridhar et al. (11), suggesting that combined SGLT2i and GLP1-RA therapy may provide
additive cardiovascular, renal, and vascular protection.

Prior evidence regarding limb and mortality outcomes in patients with PAD remains limited and somewhat heterogeneous, particularly
for SGLT2i. A recent meta-analysis of randomized trial data in patients with PAD reported no significant reduction in all-cause mortality
with SGLT2i, although cardiovascular death was reduced, and no significant increase in amputation risk was observed (21). Evidence
for GLP1-RA therapy in PAD appears more consistent, with recent meta-analytic and real-world data suggesting lower mortality and
fewer adverse limb outcomes among treated patients (22), (23). A 2025 meta-analysis of six RCTs including 7645 participants with
type 2 diabetes and PAD found that GLP1RA significantly reduced all-cause mortality by 17% (RR 0.83; 95% CI 0.70–0.99, p = 0.04) (24),
the American journal of cardiology 2025 Shuja SH). A large propensity scores matched study from TriNetX (55041 patients per group
with moderate PAD found reduced mortality with GLP1RA (1.7% vs 4.4%, p < 0.01) and fewer MALE (0.8% vs 1.5%, p < 0.01) at one year
(25).

In this context, our study adds real-world evidence specifically evaluating the administration of both GLP1-RA and SGLT2i therapy.
supporting further prospective evaluation of combined cardiometabolic therapy as a strategy for cardiovascular and limb risk
reduction in this high-risk population.

This study has several strengths. It utilizes a large population-level database, ensuring high external validity. We employed rigorous
methodological approaches, including multinomial propensity score modeling and inverse probability of treatment weighting, to
effectively balance 44 baseline covariates across the four exposure groups. Robust sensitivity analyses, including follow-up truncation
and exclusion of early events, confirmed the stability of our primary findings.

Several limitations must be acknowledged. First, the retrospective observational design inherently limits our ability to definitively
establish causality. Second, despite robust covariate balancing, the potential for residual or unmeasured confounding remains.
Variables such as ankle-brachial index values, specific anatomical levels of vascular disease, and the severity of diabetic foot ulcers
were not captured. Cohort and variable definitions were strictly reliant on diagnostic and procedural codes, which may be subject to
misclassification bias. Additionally, diabetes type could not be reliably ascertained from ICD-based electronic health record coding.
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Therefore, diabetes was analyzed as diabetes mellitus without further stratification. Finally, while weighting substantially improved
baseline balance, residual imbalance remained for a limited number of covariates such as insulin use, which required consideration in
secondary adjusted models.

Conclusion
In this large real-world cohort of patients with PAD and diabetes, the administration of GLP1-RA and SGLT2i therapy was associated
with more favorable limb outcomes and reduced mortality compared with no exposure to either drug class. Prospective trials
examining the combined effects of both therapies on PAD progression and mortality risk in diabetic patients are needed.
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Figure 1

Flowchart of Cohort Selection for the GLP1-RA/SGLT2i Exposure Analysis
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Figure 2

IPTW-Weighted Time-to-Event Curves for Major Adverse Limb Events and All-Cause Mortality According to GLP1-RA/SGLT2i
Exposure Group

A. IPTW-Weighted Time-to-Event Curves for Major Adverse Limb Events According to GLP1-RA/SGLT2i Exposure Group

B. IPTW-Weighted Time-to-Event Curves for All-Cause Mortality According to GLP1-RA/SGLT2i Exposure Group

Figure 3

IPTW-Weighted Incidence Rates of Clinical Outcomes According to GLP1-RA/SGLT2i Exposure Group
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