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Background Atherosclerotic cardiovascular disease (ASCVD) encompasses various phenotypes with elevated risks of major adverse
cardiovascular events (MACEs). This study aimed to assess the comparative cardiovascular effectiveness of glucagon-
like peptide-1 receptor agonists (GLP-1 RAs) and sodium—glucose cotransporter-2 inhibitors (SGLT2is) across diverse
ASCVD phenotypes.

Methods and We conducted a systematic review and meta-analysis of randomized controlled trials evaluating GLP-1 RAs or SGLT2is
results against placebo or standard care in ASCVD patients. Primary outcomes included MACE, defined as cardiovascular
mortality, non-fatal myocardial infarction, and non-fatal stroke. Risk ratios (RRs) with 95% confidence interval (Cl) were
calculated using a random-effects model.
Twenty-six trials (151789 patients) were included. Both GLP-1 RAs and SGLT2is significantly reduced MACE rates in
ASCVD patients (RR 0.85; 95% Cl 0.80-0.91 for both). GLP-1 RAs showed significant effectiveness in peripheral artery
disease (RR 0.86; 95% CI 0.76—0.98) and post-acute cardiovascular events (RR 0.90; 95% CI 0.83-0.97). In ASCVD with
heart failure, both drug classes reduced MACE (GLP-1 RAs: RR 0.73; 95% Cl 0.63-0.84; SGLT2is: RR 0.86; 95% ClI
0.78-0.95). SGLT2is significantly reduced MACE in ASCVD with chronic kidney disease (RR 0.84; 95% Cl| 0.72-0.99),
particularly in severe albuminuria (RR 0.61; 95% CI 0.37-0.99).

Conclusion GLP-1 RAs and SGLT2is exhibit distinct cardiovascular effectiveness profiles across ASCVD phenotypes. GLP-1 RAs
show particular benefits in peripheral artery disease and post-acute cardiovascular events, while SGLT2is demonstrate
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unique advantages in ASCVD with comorbid chronic kidney disease. Both are effective in heart failure. These findings

support tailored treatment strategies for diverse ASCVD participants based on specific comorbidities and risk factors.

Keywords Major adverse cardiovascular events e Sodium-—glucose cotransporter-2 inhibitors e
Glucagon-like  peptide-1 receptor agonists e Atherosclerotic cardiovascular disease e
Comparative effectiveness

Introduction Methods

Atherosclerotic cardiovascular disease (ASCVD) encompasses con-
ditions characterized by arterial narrowing, including coronary artery
disease, peripheral artery disease, ischaemic stroke, and acute myocar-
dial infarction.”2 As a global health concern, ASCVD contributes to
higher rates of major adverse cardiovascular events (MACEs) com-
pared to non-ASCVD participants.’ Its frequent coexistence with
heart failure and chronic kidney disease creates diverse phenotypes,
complicating clinical management.*>

Recent advancements in diabetes pharmacotherapy, particularly
glucagon-like peptide-1 receptor agonists (GLP-1 RAs) and sodium—
glucose cotransporter-2 inhibitors (SGLT2is), have shown promise
in reducing MACE rates among ASCVD patients.® Network meta-
analyses have demonstrated that both drug classes reduce cardio-
vascular and all-cause mortality, with SGLT2is particularly effective
in reducing hospitalization for heart failure and GLP-1 RAs in re-
ducing stroke risk.”® Further studies have shown SGLT2is’ positive
effects on kidney outcomes and GLP-1 RAs’ effectiveness in reducing
MACE rates, hospitalization for heart failure, and kidney function
deterioration.”1°

Current treatment guidelines recommend tailoring diabetes med-
ication based on patient comorbidities, suggesting both SGLT2is
and GLP-1 RAs for ASCVD patients, with a preference for
SGLT2is in those with chronic kidney disease or heart failure.
In cases where SGLT2is are not tolerated in chronic kidney
disease patients, GLP-1 RAs are suggested as an alternative."’
However, managing patients with distinct ASCVD phenotypes,
particularly those with peripheral artery disease, acute cardio-
vascular events, coexisting heart failure, or chronic kidney dis-
ease, remains complex due to a lack of robust, evidence-based
guidance.

While randomized controlled trials provide valuable insights, their
findings can vary in both direction and magnitude, leading to uncer-
tainty in treatment effects. For instance, in patients with ASCVD and
chronic kidney disease, one trial showed a neutral effect of GLP-1 RAs
on MACE,"? while another demonstrated a significant reduction.
Similarly, in this patient group, two trials reported a neutral effect
of SGLT2 inhibitors,'*'> whereas another showed a reduction in
MACE."® With the emergence of more recent studies,"”''® these
conflicting results underscore the need for a systematic review and
meta-analysis to consolidate the evidence and clarify the overall treat-
ment effects.

According to the Cochrane Handbook, a systematic review is a
comprehensive synthesis of existing research and may or may not
include a meta-analysis. A meta-analysis specifically refers to the statis-
tical combination of different studies’ results to derive pooled effects
estimates.’” To address this knowledge gap and provide more precise
treatment recommendations, we conducted a systematic review and
meta-analysis to assess the comparative cardiovascular effectiveness
of SGLT2is and GLP-1 RAs across diverse ASCVD phenotypes. We
aim to provide clinicians with valuable insights for tailoring treatment
strategies to meet the specific needs of patients with various ASCVD
manifestations.

Data sources and search strategy

We searched Cochrane Library, Embase, and PubMed databases for arti-
cles published up to 13 April 2023, using terms for SGLT2is, GLP-1 RAs,
DPP4is, and cardiovascular diseases. (Detailed search strategy is provided
in Supplementary material online, Appendix Table 1.) DPP4i trials were
included for comparison due to their neutral cardiovascular effects. Manual
cross-referencing was also performed.

Study selection

We applied pre-specified inclusion criteria to ensure alignment with our
research objectives. Eligible studies met the following criteria: (1) ran-
domized controlled trial design; (2) comparison of SGLT2is, GLP-1 RAs,
or DPP4is with placebo, standard care, or each other; (3) enrolment
of patients with ASCVD; and (4) reporting of MACE as an outcome.
ASCVD was defined as the presence of coronary artery disease, periph-
eral artery disease, stroke, or a history of acute cardiovascular events
(defined as acute ischaemic stroke or myocardial infarction in selected
studies).

For this study, MACE was considered as one of the following compos-
ite endpoints: (1) three-point MACE: cardiovascular mortality, non-fatal
stroke, or non-fatal myocardial infarction; (2) four-point MACE: three-
point MACE plus hospitalization for unstable angina; (3) cardiovascular
mortality or hospitalization for heart failure; or (4) cardiovascular mortal-
ity, renal mortality, or progression of renal disease.

We excluded study protocols, conference abstracts, animal studies,
comment letters, and observational articles. No language restrictions were
imposed.

Data extraction and quality assessment

Data for the meta-analysis were extracted from detailed results reported
in the included randomized controlled trials, which provided compre-
hensive outcome data. Two independent reviewers (Y.-M.L. and J.-YW.)
extracted key information from eligible studies, including study charac-
teristics (e.g. trial name and publication year), patient demographics (e.g.
sample size, age, and comorbidities), intervention details (e.g. dose and
frequency), comparison group, and outcome definitions. Discrepancies
were resolved through consensus, with a third author (C.-T.L.) arbitrating
when necessary.

The risk of bias in included randomized controlled trials was assessed
independently by Y.-M.L. and J.-YW. using the Cochrane Risk of Bias 2
t00l.2% This tool evaluates five domains: randomization process, deviations
from intended interventions, missing outcome data, outcome measure-
ment, and selection of reported results. Based on this assessment, studies
were classified as having low, some concerns, or high risk of bias.

Data synthesis and analysis

Meta-analyses are conducted to increase statistical power by pooling
results from multiple trials, enabling the detection of smaller effect sizes
that may not be evident in individual trials. Our systemic review and
meta-analysis adhered to the Preferred Reporting Items for System-
atic Reviews and Meta-Analyses guidelines.?’ The study protocol was
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Figure | Preferred Reporting Items for Systematic Reviews and Meta-Analyses flow diagram of literature search and selection process.

registered on PROSPERO (CRD42023493814) to ensure transparency
and methodological rigour.

Data analysis was performed using RevMan software (Version 5.4.1).
We employed a random-effects model based on the Mantel-Haenszel
method. Risk ratios (RRs) with 95% confidence intervals (Cls) were calcu-
lated to quantify the association between interventions and MACE rates.

Heterogeneity was assessed using I* statistics, with I < 25%, 25% <
* < 75%, and I* > 75% indicating low, moderate, and high heterogeneity,
respectively.?? We performed a one-by-one exclusion analysis to evaluate
the impact of individual studies on our results. We conducted a subgroup
sensitivity analysis based on these definitions to account for potential vari-
ations in MACE definitions across studies. Additionally, for patients with
ASCVD and chronic kidney disease, we performed a separate subgroup
analysis based on albuminuria stages (A1: <30 mg/g, A2: 30-299 mg/g,
and A3: >300 mg/g) to assess their impact on outcomes in this specific
patient participants. A meta-regression analysis was conducted to explore
potential sources of heterogeneity.

Sensitivity analysis

To strengthen our conclusions, we performed a network meta-analysis,
combining both direct and indirect evidence from trials to offer a more
comprehensive assessment of the relative effects of the interventions.

Publication bias assessment

We assessed potential publication bias by visually inspecting funnel plots
for asymmetry in the distribution of study effects. Additionally, we con-
ducted Egger’s regression test to quantitatively evaluate the likelihood of
publication bias in all major outcomes.

Role of the funding source

This research received no external funding or financial support, ensuring
independence in study design, data collection, analysis, interpretation, and
manuscript preparation.

Results
Characteristics of included trials and
study Participants

Our literature search, as shown in Figure 1, identified 11027 articles.
After removing duplicates and screening, 32 studies met the inclusion
criteria for qualitative synthesis, with 26 studies (151789 patients)
included in the final meta-analysis.

Table 1 summarizes the study participants’ characteristics. Partici-
pant mean age ranged from 46 to 85 years. Diabetes prevalence varied
from 0% to 100%, ASCVD from 26.1% to 100%, peripheral artery
disease from 6% to 30%, heart failure from 4% to 100%, and chronic
kidney disease from 0% to 100%.

Of the 32 studies, 7 evaluated DPP4is,>?° 10 assessed GLP-1
RAs,12:13:30-37 and 15 investigated SGLT2is."*"8:3%47 Primary out-
comes varied, with most focusing on MACE.

DPP4i trials used three-point MACE (five studies)?*~2>22% or four-
point MACE (two studies)?*?® as outcomes. GLP-1 RA trials defined
outcomes as three-point MACE (eight studies)'?13:30-33.36.37 or foyr-
point MACE (two studies).3*3> SGLT?2i trials specified outcomes as
three-point MACE (five studies),’* 5173940 cardiovascular mortality
and hospitalization for heart failure (seven studies),*' " cardiovas-
cular death and hospitalization for unstable angina (one study),*
or a composite of cardiovascular mortality, renal death, or kidney
disease progression (two studies).'®'® Kidney disease progression was
defined as sustained estimated glomerular filtration rate decline >50%
or end-stage kidney disease development.

Most studies used placebo as control, with two comparing inter-
ventions to glimepiride,?®?° and one to insulin glargine.3>

Quality assessment of included studies
Supplementary material online, Appendix Figures 1-3 present the
risk of bias assessment. Most studies showed low risk of bias in
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Drug Placebo Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H. Random. 95% Cl Year M.H, Random, 95% CI
1.1.1 DPP4i
EXAMINE 2013 305 2701 316 2679 13.7% 0.96([0.83,1.11] 2013 -
SAVOR TIMI 53 2013 545 6491 549 6462 23.3% 0.99([0.88 1.11] 2013 —
TECOS 2015 695 7257 695 7266 30.0% 1.00[0.91,1.11] 2015 —r—
Gantz, 2017 114 2082 114 2100 4.7% 1.00[0.78,1.29] 2017 -1
CARMELINA 2018 434 3494 420 3485 19.0% 1.03[0.91,1.17] 2018 N
CAROLINA 2019 190 1051 199 1038 9.3% 0.94[0.79,1.13] 2019 - 1
Subtotal (95% CI) 23086 23030 100.0% 0.99 [0.94, 1.05] ‘
Total events 2283 2293
Heterogeneity: Tau®= 0.00; Chi*= 0.93, df=5 (P = 0.97), F= 0%
Test for overall effect: Z= 0.28 (P = 0.78)
1.1.2GLP-1 RA
ELIXA 2015 406 3034 399 3034 13.0% 1.02(0.89,1.16] 2015 =
LEADER 2016 536 3831 6289 3767 155% 0.84[0.75,0.93] 2016 -
SUSTAIN-6 2016 98 1353 137 1382 55% 0.73[0.57,0.94] 2016 -
EXSCEL 2017 722 5394 786 5388 17.0% 0.92([0.84,1.01] 2017 ]
HARMONY 2018 338 4731 428 4732 12.2% 0.79[0.69,0.91] 2018 -
REWIND 2019 280 1560 315 1554 11.5% 0.89(0.77,1.02] 2019 = =
PIONEER-6 2019 57 1350 68 1345 3.2% 0.84[0.59,1.18] 2019
AMPLITUTE-O 2021 177 2420 122 1230 6.6% 0.74[0.59,0.92] 2021 I —
SELECT 2023 569 88503 701 8801 154% 0.81[0.73,0.90] 2023 —
Subtotal (95% Cl) 32476 31233 100.0% 0.85 [0.80, 0.91] <>
Total events 3183 3585

Heterogeneity: Tau®= 0.00; Chi*= 14.97, df= 8 (P = 0.06); F= 47%
Test for overall effect: Z= 4.72 (P < 0.00001)

1.1.3 SGLT2i

EMPA-REG OUTCOME 2015 490 4687 282 2333 12.0%
CANVAS 2017 476 4127 441 3187 13.9%
CREDENCE 2019 185 1113 178 1107 7.2%
DAPA-HF 2019 223 1316 289 1358 101%
DECLARE-TIMI 58 2019 483 3474 537 3500 14.9%
DAPA-CKD 2020 91 813 137 797 51%
EMPEROR-Reduced 2020 207 983 236 946 9.5%
VERTIS CV 2020 653 5493 327 2745 135%
EMPEROR-Preserved 2021 187 1079 177 1038 7.2%
Adel, 2022 3 45 B 48 0.2%
EMPA-KIDNEY 2023 122 861 170 904 6.4%
Subtotal (95% CI) 23991 17973 100.0%
Total events 3060 2780

Heterogeneity: Tau*= 0.00; Chi*= 14.36, df= 10 (P = 0.16); F=30%
Testfor overall efiect: Z= 517 (P < 0.00001)

Test for subgroup differences: Chiz = 17.57,df = 2 (P = 0.0002); I2 = 88.6%

0.36[0.75,0.99] 2015
0.84 (0.74,0.94] 2017
0.87 [0.71,1.06] 2018
0.30 (0.68, 0.93) 2019
0.91 [0.81,1.02) 2019
0.65(0.51,083) 2020 —
0.34[0.72,0.99] 2020
1.00(0.88,1.13) 2020
0.85[0.70, 1.04] 2021
0.53[0.14,2.01] 2022
0.75[0.61,0.83] 2023
0.85 [0.80, 0.91]
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Figure 2 Forest plot: MACE risk in ASCVD patients treated with SGLT2is, GLP-1 RAs, or DPP4is vs. placebo. SGLT2is and GLP-1 RAs significantly

reduced risk; DPP4is showed no difference.

randomization (25/32), deviations from intended interventions
(28/32), and missing outcome data (28/32). For outcome measure-
ment, 30/32 studies had low risk. In result selection, 28 studies had
low risk, 3 had some concerns, and 1 had high risk. Overall, 18 studies
were low risk, 11 had some concerns, and 3 were high risk.

Outcomes

MACE in ASCVD patients

Figure 2 shows both GLP-1 RAs and SGLT2is significantly reduced
MACE rates in ASCVD patients. GLP-1 RAs (9 studies, n = 63 709):
9.8% vs. 11.4%, RR 0.85, 95% Cl 0.80-0.91, P < 0.001, /* = 47%.
SGLT2is (11 studies, n = 41964): 12.7% vs. 15.4%, RR 0.85, 95% Cl
0.80-0.91, P < 0.001, I* = 30%.

MACE in patients with peripheral artery disease

In peripheral artery disease patients (Figure 3), GLP-1 RAs (four
studies, n = 6 798) significantly reduced MACE rates: 11.4% vs. 13.4%,
RR 0.86, 95% Cl 0.76-0.98, P = 0.02, I* = 0%. SGLT2is (three studies,
n = 3608) showed a non-significant trend: 13.5% vs. 15.6%, RR 0.89,
95% Cl 0.74-1.06, P = 0.19, I = 20%.

MACE in patients with history of acute cardiovascular
events

GLP-1 RAs (six studies, n = 25 372) significantly reduced MACE rates
(2Figure 4): 13.8% vs. 15.1%, RR 0.90, 95% CI 0.83-0.97, P = 0.007,
" = 28%.
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Drug Placebo Risk Ratio Risk Ratio
udy or Suk UL B g Random, 95% CI
1.2.1 GLP-1 RA
SUSTAIN-6 2016 16 228 27 230 4.6% 0.60[0.33, 1.08] 2016 4
LEADER 2016 89 574 120 612 25.6% 0.79[0.62, 1.01] 2016 ———a——;
EXSCEL 2017 179 1400 203 1400 45.6% 0.88[0.73, 1.06] 2017 — &
HARMONY 2018 106 1195 107 1159 24.3% 0.96 [0.74, 1.24] 2018 i (—
Subtotal (95% CI) 3397 3401 100.0% 0.86 [0.76, 0.98] -~
Total events 390 457
Heterogeneity: Tau? = 0.00; Chi* = 2.68, df = 3 (P = 0.44); = 0%
Test for overall effect: Z = 2.34 (P = 0.02)
1.2.2 SGLT2i
CANVAS 2017 135 1176 134 937 46.6% 0.80[0.64, 1.00] 2017 —
DECLARE-TIMI 58 2019 88 522 80 503 33.6% 1.06 [0.80, 1.40] 2019 I Ex
EMPA-KIDNEY 2023 41 244 46 226 19.8% 0.83[0.56, 1.21] 2023 iy
Subtotal (95% CI) 1942 1666 100.0% 0.89 [0.74, 1.06] -
Total events 264 260
Heterogeneity: Tau? = 0.01; Chi? = 2.49, df = 2 (P = 0.29); I = 20%
Test for overall effect: Z = 1.31 (P = 0.19)
0.5 0.7 1 1.5 2

Test for subgroup differences: Chi? = 0.07, df =1 (P = 0.79), I = 0%
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Figure 3 Forest plot: MACE risk in patients with peripheral artery disease treated with GLP-1 RAs or SGLT2is vs. placebo. GLP-1 RAs significantly
reduced risk; SGLT2is showed no significant difference.

Drug Placebo
r Evi Total Even Total ight M-H

1.3.1 GLP-1 RA

ELIXA 2015 406 3034 399 3034 22.4%
LEADER 2016 322 1865 372 1827 21.1%
SUSTAIN-6 2016 66 673 88 694 5.8%
EXSCEL 2017 722 5394 786 5388 32.0%
PIONEER-6 2019 41 693 44 735  3.2%
REWIND 2019 196 1028 236 1007 154%
Subtotal (95% Cl) 12687 12685 100.0%
Total events 1753 1925

Heterogeneity: Tau? = 0.00; Chi? = 6.94, df = 5 (P = 0.23); 1> = 28%
Test for overall effect: Z = 2.72 (P = 0.007)

Test for subgroup differences: Not applicable

Risk Ratio Risk Ratio

% Cl Year M-H. Random, 95% CI
1.02[0.89, 1.16] 2015 —p—
0.85 [0.74, 0.97] 2016 —
0.77 [0.57, 1.05] 2016 S E—
0.92[0.84, 1.01] 2017 —u
0.99 [0.65, 1.49] 2019
0.81[0.69, 0.96] 2019 —_—
0.90 [0.83, 0.97] -

0.5 07 1 15 2
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Figure 4 Forest plot: MACE risk in patients with history of acute cardiovascular events treated with GLP-1 RAs vs. placebo. GLP-1 RAs significantly

reduced risk.

MACE in ASCVD patients with heart failure

Both drug classes reduced MACE rates in ASCVD patients with heart
failure (Figure 5). GLP-1 RAs (two studies, n = 6208): 9.5% vs. 13.1%,
RR 0.73, 95% Cl 0.63-0.84, P < 0.001, I* = 0%. SGLT2is (five studies,
2:9383): 16.6% vs. 19.8%, RR 0.86, 95% CI 0.78-0.95, P = 0.002,
"= 14%.

MACE in ASCVD patients with chronic kidney disease

In ASCVD patients with chronic kidney disease (Figure 6), SGLT2is
(five studies, n =9219) significantly reduced MACE rates: 14% vs.
16.6%, RR 0.84, 95% Cl 0.72-0.99, P = 0.03, I* = 61%. GLP-1 RAs
(Ewo studies, n = 4120) did not: RR 0.82, 95% Cl 0.64-1.05, P = 0.12,
" = 52%.

Sensitivity and subgroup analysis

One-by-one exclusion analyses identified ELIXA, DAPA-CKD, and
VERTIS CV trials as primary heterogeneity sources.?’:3*3% Results
remained consistent after removal (Supplementary material online,
Appendix Tables 2—6). Figure 7 shows SGLT2is significantly reduced
MACE risk in chronic kidney disease patients with albuminuria stage
A3 (RR 0.61,95% Cl 0.37-0.99, P = 0.05, I* = 69%), but not in stages
A1 and A2 (RR 0.82, 95% Cl 0.63-1.06, P = 0.12, I* = 42%). Results
were consistent across various MACE definitions (Supplementary
material online, Appendix Table 7). The meta-regression results
showed no statistically significant differences in the comparison
between GLP-1 RAs and placebo concerning age (P = 0.10), diabetes
(P = 0.56), or hypertension (P = 0.15). Similarly, in the comparison
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Drug Placebo
tudy or Subgrou Events Total Events Total Weight
1.4.1 GLP-1 RA
HARMONY 2018 101 954 146 968 35.2%
SELECT 2023 197 2155 262 2131 64.8%
Subtotal (95% CI) 3109 3099 100.0%
Total events 298 408

Heterogeneity: Tau? = 0.00; Chi? = 0.15, df = 1 (P = 0.70); I = 0%
Test for overall effect: Z = 4.41 (P < 0.0001)

1.4.2 SGLT2i

EMPA-REG OUTCOME 2015 75 462 49 244  81%
DAPA-HF 2019 223 1316 289 1358 29.0%
EMPEROR-Reduced 2020 207 983 236 946 27.2%
VERTIS CV 2020 193 1286 94 671 15.6%
EMPEROR-Preserved 2021 157 1079 177 1038 20.0%
Subtotal (95% CI) 5126 4257 100.0%
Total events 855 845

Heterogeneity: Tau? = 0.00; Chi? = 4.68, df = 4 (P = 0.32); > = 14%
Test for overall effect: Z = 3.09 (P = 0.002)

Test for subgroup differences: Chi? = 3.65, df = 1 (P = 0.06), I = 72.6%

Risk Ratio Risk Ratio
M-H. Random. 95% CI Year M-H. Random, 95% ClI
0.70 [0.55,0.89] 2018 — =™
0.74 [0.62, 0.89] 2023 —i—
0.73 [0.63, 0.84] -~
0.81[0.58,1.12] 2015 — |
0.80 [0.68, 0.93] 2019 —
0.84 [0.72, 0.99] 2020 — ]
1.07 [0.85, 1.35] 2020 e
0.85[0.70, 1.04] 2021 —
0.86 [0.78, 0.95] -
0.5 0.7 1 15 2
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Figure 5 Forest plot: MACE risk in ASCVD and heart failure patients treated with GLP-1 RAs or SGLT2is vs. placebo. Both significantly reduced

risk.
Drug Placebo Risk Ratio Risk Ratio
dy or Subagro Events Total Events Total Weight M-H. Random 1 Year M-H. Random. 95% CI
1.5.1 GLP-1 RA
HARMONY 2018 116 1098 128 1124 51.4% 0.93[0.73, 1.18] 2018 —
SELECT 2023 94 963 127 935 48.6% 072[0.56,0.92) 2023 ~— W __——
Subtotal (95% CI) 2061 2059 100.0% 0.82 [0.64, 1.05] R ol
Total events 210 255
Heterogeneity: Tau? = 0.02; Chi* = 2.10, df = 1 (P = 0.15); I = 52%
Test for overall effect: Z = 1.56 (P = 0.12)
1.5.2 SGLT2i
EMPA-REG OUTCOME 2015 176 1212 99 607 19.8% 0.89[0.71, 1.12] 2015 - " 1
CREDENCE 2019 155 1113 178 1107 21.8% 0.87 [0.71, 1.06] 2019 - il
DAPA-CKD 2020 91 813 137 797 18.5% 0.65[0.51,0.83] 2020 —
VERTIS CV 2020 188 1198 87 607 19.2% 1.09 [0.87, 1.38] 2020 — 1 =
EMPA-KIDNEY 2023 122 861 170 904 20.7% 0.75[0.61, 0.93] 2023 - m
Subtotal (95% CI) 5197 4022 100.0% 0.84 [0.72, 0.99] —~—
Total events 732 671
Heterogeneity: Tau? = 0.02; Chi* = 10.35, df = 4 (P = 0.03); ?=61%
Test for overall effect: Z = 2.14 (P = 0.03)

Test for subgroup differences: Chi* = 0.03, df = 1 (P = 0.87), I = 0%

0.5 0.7 1 1.5 2
Favor drug Favor placebo

Figure 6 Forest plot: MACE risk in ASCVD and chronic kidney disease patients treated with SGLT2is or GLP-1 RAs vs. placebo. SGLT2is

significantly reduced risk; GLP-1 RAs showed no significant difference.

between SGLT2is and placebo, no statistically significant differences
were observed for age (P = 0.68) or hypertension (P = 0.11). How-
ever, a statistically significant difference was found for diabetes in the
SGLT?2i group (P = 0.04, slope = 0.20). The results from the network
meta-analysis were consistent with the findings from the direct com-
parisons. (Supplementary material online, Appendix Figures 4 and 5.)

Publication bias

The funnel plot analysis revealed no noticeable asymmetry for primary
outcomes. (Supplementary material online, Appendix Figures 6—11.)
Furthermore, Egger’s regression test did not indicate any significant
evidence of publication bias across the major outcomes, with all
p-values >0.05.
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Drug Placebo Risk Ratio Risk Ratio
udy or Subgroup Eve a e dom. 95% CI
1.6.1 Albuminuria stage A1 or A2
EMPA-REG OUTCOME 2015 399 4127 224 2057 T1.7% 0.89[0.76, 1.04] 2015 . i
VERTIS CV 2020 52 1573 39 783 28.3% 0.66 [0.44, 1.00] 2020 -
Subtotal (95% Cl) 5700 2840 100.0% 0.82 [0.63, 1.06] ~il—
Total events 451 263
Heterogeneity: Tau? = 0.02; Chi? = 1.72, df = 1 (P = 0.19); I? = 42%
Test for overall effect: Z=1.54 (P = 0.12)
1.6.2 Albuminuria stage A3
EMPA-REG OUTCOME 2015 86 509 58 260 56.5% 0.76 [0.56, 1.02] 2015 =
VERTIS CV 2020 31 587 35 304 435% 0.46 [0.29, 0.73] 2020 ¢ =
Subtotal (95% CI) 1096 564 100.0% 0.61 [0.37, 0.99]
Total events 117 93
Heterogeneity: Tau® = 0.09; Chi* = 3.20, df = 1 (P = 0.07); I* = 68%
Test for overall effect: Z=1.99 (P = 0.05)
05 07 1 15 2

Test for subgroup differences: Chi* = 1.10, df = 1 (P = 0.30), I = 8.8%
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Figure 7 Forest plot: subgroup analysis of MACE risk in ASCVD and chronic kidney disease patients treated with SGLT2is, stratified by albuminuria
stages. Significant risk reduction in stage A3; no significant difference in stages A1 and A2.

Discussion

This systemic review and meta-analysis provide robust evidence
for the comparative cardiovascular effectiveness of GLP-1 RAs and
SGLT2is across various ASCVD phenotypes. Both drug classes sig-
nificantly reduce MACE rates in ASCVD patients, with comparable
overall effectiveness (RR 0.85). However, subgroup and sensitivity
analyses revealed important nuances in their effectiveness across dif-
ferent ASCVD participants.

GLP-1 RAs and SGLT2is demonstrated effectiveness in different
ASCVD participants. GLP-1 RAs showed particular effectiveness in
reducing MACE rates among patients with peripheral artery disease
and those with a history of acute cardiovascular events, possibly due
to their anti-inflammatory effects and lipid metabolism modification
in these patients with severe atherosclerosis.*® An animal study has
shown that liraglutide treatment in ApoE-/- mice led to a significant
reduction in aortic plaque area and complexity, suggesting a direct
anti-atherogenic effect.*” Additionally, liraglutide has been found to
suppress macrophage foam cell formation, further contributing to
the reduction of atherosclerosis.>® These findings indicate that GLP-1
RAs may not only prevent atherosclerosis progression but potentially
reverse existing plaques.

SGLT2is, on the other hand, showed significant MACE reduction in
ASCVD patients with concomitant heart failure or chronic kidney
disease, especially those with severe albuminuria (stage A3). Their
benefits are largely attributed to haemodynamic effects, including
natriuresis, glucose elimination, and blood pressure reduction, which
may lead to improved ventricular remodelling.>' Besides, SGLT2is
may also contribute to atherosclerosis regression through indirect
mechanisms. The randomized trial demonstrated that empagliflozin
treatment was associated with a reduction in left ventricular mass
index and improved diastolic function.>> These improvements in car-
diac structure and function could lead to reduced mechanical stress on
arterial walls, potentially facilitating plaque stabilization and regression.
Moreover, the anti-inflammatory effects of SGLT2is, as evidenced by
reductions in biomarkers such as high-sensitivity C-reactive protein
and interleukin-6,°> may create a more favourable environment for
plaque regression.

For patients with concurrent ASCVD and heart failure, both GLP-1
RAs and SGLT2is showed significant benefits. GLP-1 RAs may be
particularly beneficial in heart failure with preserved ejection fraction
and ischaemic cardiomyopathy, while SGLT2is may reduce MACE by
decreasing afterload and mitigating structural remodelling.>* These
findings align with and extend current treatment guidelines, which
suggest considering both drug classes for ASCVD patients, with
a preference for SGLT2is in those with chronic kidney disease or
heart failure.>> Our results provide additional granularity, supporting
a nuanced approach to treatment selection based on specific AS-
CVD phenotypes, which may lead to more personalized and effective
cardiovascular risk reduction strategies. The meta-regression analysis
revealed a statistically significant positive slope for diabetes in the
comparison between SGLT2is and placebo, indicating that diabetic
patients have a higher cardiovascular risk and event rate. This result
aligns with current guidelines, which recommend SGLT 2is for reducing
cardiovascular risk in patients with diabetes.

Despite the strengths of this meta-analysis, several limitations
should be acknowledged. First, the included studies varied in their def-
initions of MACE and follow-up durations, which may have introduced
some heterogeneity. However, our sensitivity analyses demonstrated
the robustness of our findings across different MACE definitions.
Second, the number of studies for some subgroup analyses was
limited, particularly for certain ASCVD phenotypes, which may have
affected the statistical power of these analyses. Third, as with all meta-
analyses, our study is subject to the limitations of the included trials,
including potential publication bias and heterogeneity in study designs
and participants. Therefore, we conducted funnel plots and Egger’s
tests to strengthen our results, both of which indicated no significant
publication bias. Additionally, the variability of ASCVD risk factors
across different studies contributed to heterogeneity in our results,
and the lack of detailed information prevented us from conducting
subgroup analyses based on the prevalence of hypertension, diabetes
mellitus, dyslipidaemia, chronic kidney disease, and smoking status.
To address this, we conducted a meta-regression analysis based on
age, diabetes mellitus, and hypertension to further strengthen our
conclusions. Fourth, the possibility that GLP-1 RAs could influence
suicidality is reasonable, considering that GLP-1 receptors are found
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in the central nervous system, and GLP-1 RAs have been shown to
penetrate the blood—brain barrier.>¢>’ Earlier studies have associated
bariatric surgery and weight-loss medications with an increased risk
of suicide and self-harm.*® A limitation of our study is the absence
of data on additional outcomes such as suicidality, depression, and
dementia. The randomized controlled trials included in our analysis
did not provide relevant information on these outcomes, and further
research is needed to explore the potential links between GLP-1 RAs,
SGLT2is, and mental health.

Conclusions

This systemic review and meta-analysis demonstrate significant car-
diovascular benefits of both GLP-1 RAs and SGLT2is across various
ASCVD phenotypes. Our findings support a nuanced approach to
treatment selection: GLP-1 RAs show potential value in peripheral
artery disease and post-acute cardiovascular events, while SGLT2is
offer advantages in ASCVD patients with chronic kidney disease, par-
ticularly those with high albuminuria. Both drug classes show notable
effectiveness in patients with concurrent ASCVD and heart failure.
Future research should focus on direct comparisons of these drug
classes in specific ASCVD participants to further refine treatment
strategies for these high-risk patients.
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Supplementary material is available at European Heart Journal—
Cardiovascular Pharmacotherapy online.
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