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analysis
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Abstract

Objective To assess the effects of finerenone and glucagon-like peptide 1 receptor agonists (GLP1-RA) on
cardiovascular and renal outcomes in patients with type 2 diabetes mellitus (T2DM), and the relative cardiovascular
benefits in patients with or without established atherosclerotic cardiovascular disease for different outcomes with
these classes of drugs.

Methods We searched PubMed, the Cochrane Library, and Embase from January 1, 2000, to December 30, 2022, to
identify randomized controlled trials. The primary outcomes were the composite of nonfatal myocardial infarction,
nonfatal stroke, and cardiovascular death (MACE); hospitalization for heart failure (HHF); and a composite of renal
outcomes. The results were reported as hazard ratios (HRs) with 95% confidence intervals (Cls).

Results In total, we identified 11 trials and 73,927 participants, 13,847 (18.7%) in finerenone trials and 60,080 (81.3%)
in GLP1-RA trials. Finerenone reduced the risk of MACE by 13% (HR, 0.87; 95% Cl, 0.79-0.95; P=0.003), while GLP1-RA
reduced the risk in a similar magnitude by 13% (HR, 0.87; 95% Cl, 0.83-0.92; P<0.001). For both drug classes, the

effect on lowering the risk of MACE was restricted to approximately 14% in patients with established atherosclerotic
cardiovascular disease (HR, 0.86; 95% Cl, 0.82-0.90; P<0.001), whereas no effect was observed in patients without
established atherosclerotic cardiovascular disease (HR, 0.93; 95% Cl, 0.85-1.02; P=0.12). GLP1-RA reduced myocardial
infarction, stroke and cardiovascular death more than finerenone (which appeared to have no effect). Only finerenone
was beneficial for reducing the risk of HHF (HR, 0.78; 95% Cl, 0.66-0.92; P=0.003). Both finerenone (HR, 0.84; 95%
Cl,0.77-0.92; P<0.001) and GLP1-RA (HR, 0.81;95% Cl, 0.76-0.86; P< 0.001) reduced the risk of kidney disease
progression, including macroalbuminuria, and finerenone was superior to GLP1-RA in delaying deterioration of kidney
function.

*Correspondence:

Shimin Jiang
minjiang101@163.com
Wenge Li
wenge_lee2002@126.com

Full list of author information is available at the end of the article

© The Author(s) 2024. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which permits use,
sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the original author(s) and
the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or other third party material in this

article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the material. If material is not included
in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/. The
Creative Commons Public Domain Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available
in this article, unless otherwise stated in a credit line to the data.


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s13098-023-01251-2&domain=pdf&date_stamp=2024-1-10

Gu et al. Diabetology & Metabolic Syndrome (2024) 16:14

Page 2 of 12

Conclusions Finerenone and GLP1-RA lead to a risk reduction in MACE to a similar degree in patients with
established atherosclerotic cardiovascular disease. For both drug classes, the effect on lowering the risk of progression
of kidney disease was also in a similar magnitude in patients with T2DM, whereas only finerenone had a significant
protective effect against HHF. Treatment decisions for patients with T2DM should consider the clinical benefit profiles

of each drug.
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Introduction

Over the past few decades, the prevalence of type 2 dia-
betes mellitus (T2DM) has risen dramatically worldwide,
and approximately 537 million adults are living with dia-
betes [1], resulting in an elevated risk of cardiovascular
and renal diseases. As the prevalence of T2DM increases,
it has become one of the leading causes of the substantial
increase in end-stage renal disease (ESRD) globally. Even
with the current treatment options available, people with
T2DM still face a considerable risk of developing cardio-
vascular and renal events such as myocardial infarction,
stroke and ESRD [2]. Therefore, the prevention of cardio-
vascular diseases (CVD) and DKD progression is critical
for the management of patients with T2DM.

Recently, trials on two new classes of antidiabetic
agents, finerenone and glucagon-like peptide 1 recep-
tor agonists (GLP1-RA), have shown cardiovascular and
kidney benefits in patients with T2DM. Notably, in clini-
cal trials of renin-angiotensin system (RAS) inhibitors
therapy in people with type 2 diabetes, lowering albu-
minuria to levels<300 mg/g creatinine or by >30% from
baseline has been related to improved renal and cardio-
vascular outcomes, leading to the ADA’s clinical practice
recommendation that RAS inhibitors should be the first-
line drug therapy in diabetes [3]. Therefore, it should be
mentioned that the benefit of these two new classes of
glucose-lowering medications was on background RAS
inhibitors therapy in >80% of the participants. Finere-
none is a novel selective and nonsteroidal mineralocor-
ticoid receptor antagonist. Compared with steroidal
mineralocorticoid receptor antagonists, finerenone has
shown more potent anti-inflammatory and anti-fibrotic
effects in rodent models [4—6]. Two large-scale random-
ized placebo-controlled trials targeted at patients with
T2DM and chronic kidney disease (CKD) have shown
that finerenone significantly lowers the occurrences of
composite cardiovascular outcome (defined as a com-
posite of nonfatal myocardial infarction, nonfatal stroke,
and cardiovascular death) and composite renal outcome
(defined as a composite of a sustained decrease of at least
40% in the estimated glomerular filtration rate (eGFR)
from the baseline, kidney failure, or death from renal
causes), irrespective of history of CVD [7, 8].

There is good evidence to support the use of GLP1-
RA. Several sizable randomized placebo-controlled trials
(RCTs) have shown cardiovascular and renal benefits in

patients with T2DM and/or CKD. In addition, the ADA
recommended a GLP1-RA or sodium-glucose co-trans-
porter-2 (SGLT2) inhibitors for individuals with T2DM
who have established atherosclerotic cardiovascular dis-
ease or indicators of high cardiovascular risk, CKD, or
heart failure to reduce the risk of MACE [9].

A recently published meta-analysis reported a sig-
nificant reduction in MACE with the use of GLP1-RA
in patients with T2DM [10, 11]. However, to date, the
impact of finerenone and GLP1-RA on MACE in patients
with or without established atherosclerotic cardiovascu-
lar disease (ASCVD) has not been confirmed. As such,
we designed the present meta-analysis based on RCTs
to compare the clinical benefit of finerenone and GLP1-
RA in patients with T2DM with and without established
ASCVD and to update their overall cardiovascular and
renal effects.

Methods

Registration

This systematic review was registered with PROSPERO
(CRD42023405275).

Literature search and study selection

The search strategy was performed in accordance with
the Preferred Reporting Items for Systematic Review and
Meta-Analysis Protocols (PRISMA-P) [12-14]. A sys-
tematic search of randomized, placebo-controlled, car-
diovascular or kidney outcome trials of finerenone and
GLP1-RA was performed using PubMed, the Cochrane
Library, and Embase from January 1, 2000, to December
30, 2022. For English-language publications, search terms
including “finerenone’; “glucagon-like peptide-1 receptor
agonist’; “type 2 diabetes mellitus” and related phrases,
the names of drugs, and terms related to randomized,
controlled trials were used. The details of the search
algorithm are presented in the Additional file 1. Stud-
ies including individuals with type 1 diabetes mellitus
(T1DM) and participants<18 years of age were excluded.
A literature search and screening were performed to
identify relevant studies by two independent authors (G
and J), and any discrepancies in the eligibility of studies
were resolved by consulting with a third author (L).
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Outcomes

Patients were stratified into those with established
ASCVD (Table S1 shows this in more detail [see Addi-
tional file 1]). Efficacy outcomes of interest included
MACE, HHE, and renal outcomes. MACE was defined
as a composite of non-fatal myocardial infarction, non-
fatal stroke, and cardiovascular death (as for finerenone
trials, MACE was defined as a composite of non-fatal
myocardial infarction, non-fatal stroke, cardiovascular
death and hospitalization for heart failure). Total myo-
cardial infarction and stroke were used instead when data
on non-fatal myocardial infarction and non-fatal stroke
were not available. The definition of renal outcomes was
a broad composite of new-onset persistent macroalbu-
minuria, persistent doubling of the serum creatinine level
or a decline in eGFR of at least 40% from baseline, the
need for kidney replacement therapy, or death from renal
causes (Table S2 shows this in more detail [see Additional
file 1]) and worsening of kidney function, including either
sustained doubling of serum creatinine or at least a 40%
decline in eGFR from baseline.

Data extraction and quality assessment

The data extraction was performed by two independent
authors (G and J). The following data were extracted:
study characteristics (trial, age, sex, BMI, HbAlc,
eGFR, duration of diabetes and median follow-up year),
description of intervention (drug class, name, dose), and
outcomes. Risk of bias assessment was conducted by
two independent authors (G and Y) using the Cochrane
tool for assessing risk of bias in randomized clinical tri-
als (RoB 2.0) [15]. Any discrepancies in data extraction
and risk-of-bias assessment were resolved by consulting
a third author (L). We did not assess publication bias due
to the limited number of eligible studies.

Statistical analysis

Summary statistics from the individual trials included
were used due to the lack of individual-level data. Haz-
ard ratios (HRs) with 95% confidence intervals (Cls)
from the trial papers, supplementary appendices, or
secondary publications were used to estimate the effi-
cacy of treatments for dichotomous outcomes. For all
outcomes, heterogeneity between studies was assessed
using Cochrane’s Q test and Higgins and Thompson’s I%.
Cochran’s Q statistic p values less than 0.05 were con-
sidered significant for heterogeneity. Heterogeneity was
considered to indicate a low, moderate, or high likelihood
of differences between studies if the I*> value was 25%,
50%, or 75%, respectively [16]. For each study, estimates
were combined by use of inverse variance-weighted
averages of logarithmic HRs in fixed-effects models.
Random-effects models with the use of restricted maxi-
mum likelihood and Hartung-Knapp adjustment were
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considered to estimate the treatment effect by drug class
[17]. All analyses were performed with R (version 4.3.0, R
Core Team, 2023) and the R package “metafor” (version
4.2-0) [18].

Results

Baseline characteristics of the included trials

We identified 896 records through a database search
of PubMed (n=478), Cochrane Library (n=228), and
Embase (n=190) in the primary search. An overview of
the search and the selection process is shown in Fig. 1. Of
17 full-text articles assessed after screening, we identi-
fied a total of 11 large-scale randomized controlled trials,
3 finerenone trials [7, 8, 19], and 8 GLP1-RA trials [20—
29] that were eligible for inclusion (Table 1). In total, we
identified 73,927 randomly assigned participants, 13,847
(18.7%) participants in finerenone trials and 60,080
(81.3%) participants in GLP1-RA trials. The mean age of
patients ranged from 59 to 66 years across the trials, and
47,877 (64.8%) participants were women. The proportion
of participants with an eGFR less than 60 mL/min per
1.73 m? ranged from 21.6 to 40.0% across the trials, with
the exception of FIDELIO-DKD (Finerenone in Reducing
Kidney Failure and Disease Progression in Diabetic Kid-
ney Disease), which had a substantially larger proportion
(88.4%).

Risk of bias

We assessed the risk of bias using the Cochrane Collabo-
ration Risk-of-Bias tool (RoB 2.0) for randomized trials.
Additional file 2 presents the risk of bias in each trial.
The quality evaluation of the included studies is shown in
Fig. 2. All included trials were deemed high quality and at
low risk of bias in 3 outcomes.

MACE

Across all included trials, 8343 of 73,106 participants
(11.4%) experienced a MACE event (1764 patients in the
finerenone trials and 6579 patients in the GLP1-RA tri-
als). A total of 79.0% of the MACE events occurred in the
group with established ASCVD.

Overall, both drug classes have significant effects on
lowering the risk of MACE in T2DM by a similar mag-
nitude. Compared with placebo, finerenone decreased
the risk of MACE by 13% (HR, 0.87; 95% CI, 0.79-0.95;
P=0.003), and the effect of finerenone on MACE was
consistent across studies (I°=0.0%, P for heterogene-
ity, 0.32). Treatment with GLP1-RA did significantly
reduce the risk of MACE by 13% (HR, 0.87; 95% CI,
0.83-0.92; P<0.001; P for heterogeneity, 0.08) (Fig. 3A).
In FIGARO-DKD trial, the cardiovascular benefits of
finerenone therapy were consistent across categories
according to the baseline eGFR [8]. GLP1-RA did not
reduce the MACE risk in patients with severe kidney
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Fig. 1 PRISMA flowchart: study selection

disease (baseline eGFR<60mL/min/1.73m?) but reduce
the risk of MACE in moderate kidney disease (baseline
eGFR>60mL/min/1.73m?) (Figure S1 shows this in more
detail [see Additional file 1]). For both drug classes, the
effect on lowering the risk of MACE was restricted to
approximately 14% in patients with established ASCVD
(HR, 0.86; 95% CI, 0.82—-0.90; P<0.001), with nearly iden-
tical effects for finerenone (HR, 0.85; 95% CI, 0.77-0.95)
and GLP1-RA (HR, 0.86; 95% CI, 0.82—-0.90), whereas in
the trials published to date, neither reduces the risk of
MACE in patients without established ASCVD (HR, 0.93;
95% CI, 0.85-1.02; P=0.12). (Fig. 3B; Figure S2 shows this
in more detail [see Additional file 1]).

Treatment effect on the individual components of MACE

A total of 3703 patients experienced a myocardial infarc-
tion (3341 patients in GLP1-RA trials and 362 patients
in finerenone trials), 2042 experienced a stroke (1646
patients in GLP1-RA trials and 396 patients in finere-
none trials), and 3395 experienced a cardiovascular death
(2709 in GLP1-RA trials and 686 patients in finerenone
trials). Only GLP1-RA reduced the relative risk of myo-
cardial infarction by 9% (HR, 0.91; 95% CI, 0.85-0.98;
P=0.008; P for heterogeneity, 0.13), whereas finerenone
had no effect on lowering the relative risk of myocardial
infarction (HR, 0.90; 95% CI, 0.74—1.11; P=0.34; P for
heterogeneity, 0.32; Figure S3 shows this in more detail
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Table 1 Baseline characteristics of included trials

Trial Drug Drug dose(mg/d) Trial participants, Age (years) Gender BMI
n (male), n
(%)
Total | C | C | C | C
Finerenone vs. placebo
FIDELIO-DKD Finerenone 10/20 5674 2833 2841 654+89 65.7+9.2 1953 2030 31.1+6.0 31.1+£6.0
(68.9) (71.5)
FIGARO-DKD Finerenone 10/20 7352 3686 3666 64.1+9.7 64.1+100 2528 2577 315460 314+59
(68.6) (70.3)
ARTS-DN Finerenone 1.25/2.5/5/7.5/10/15/20 823 729 94 64334920 63.26+868 570 69 31.75+557 3249+527

(784) (734)
GLP-1RA vs. placebo

ELIXA Lixisenatide 0.01 6068 3034 3034 599+97 60.6+9.6 2111 2096 30.1+£56 302+58
(69.6) (69.1)

LEADER Liraglutide 1.8 9340 4668 4672 642+7.2 64.4+7.2 3011 2992 325+63 325+63
(64.5) (64.0)

SUSTAIN-6 Semaglutide 0.5/1 weekly 3297 1648 1649 64.7+7.2 64.6%7.5 1013 989  32.8+6.2 32.8+6.2
(61.5) (60.0)

EXSCEL Exenatide 2 weekly 14,752 7356 7396 61.8+94  619+£94 4562 4587 32.7+64
(62.0) (62.0)

HARMONY Albiglutide 30/50 9463 4731 4732 64.1+87 64.2+87 3304 3265 32359 323%59
(70.0) (69.0)

REWIND Dulaglutide 1.5 weekly 9901 4949 4952 66.2+6.5 66.2+6.5 2643 2669 323+5.7 323%58
(534) (53.9)

AMPLITUDE-O  Exenatide 2 weekly 4076 2717 1359 646+82 644+83 1792 940 329+6.2 324£6.0
(66.0) (69.2)

PIONEER 6 Semaglutide 14 3183 1591 1592 66+7 66+7 1084 1092 323+66 323+64
(

68.1) (68.6)

I: intervention, C: control, N/A: not available

Table 1 (Continued)

Trial HbA1C (%) eGFR (ml/ min/1.73 Duration of diabe- Median eGFR<60 ml/ Proportion of patients
m?) tes (years) follow min per 1.73  with established ath-
| e | C | C year m2, n (%) erosclerotic cardiovas-
(years) cular disease, n (%)
Finerenone vs. placebo
FIDELIO-DKD 7713 77114 444+125 443+126 166+88 166+88 26 5016 (884) 2605 (45.9)
FIGARO-DKD 7714 7714 676+21.7 680+21.7 145+86 144+84 34 2812 (38.3) 3330 (45.3)
ARTS-DN 76+13 76+13 669+219 7224204 N/A N/A 328 (40.0) N/A
GLP-1RA vs. placebo
ELIXA 7713 76+13 767213 752+214 92482 94+83 2.1 1407 (23.2) 6068 (100.0)
LEADER 87+16 87+15 80.2+272 805+108 128+80 129+81 38 2158 (23.1) 7598 (81.3)
SUSTAIN-6 8715 87+15 7594259 764+272 142+82 136+80 2.1 939 (28.5) 2735(83.0)
EXSCEL 81+10 7844241 13.1+83 32 3191 (21.6) 10,782 (73.1)
HARMONY 876+15 872+15 7914256 789+254 141+£86 142489 16 N/A 9463 (100.0)
REWIND 73+1.1 74+1.1 772+227 766+228 105+73 10672 54 2199 (22.2) 3114 (31.5)
AMPLITUDE-O 890+146 894+152 7224219 729+233 156+88 151487 18] N/A 3650 (89.6)
PIONEER 6 82+16 82+16 74+21 74+21 147485 151+£85 N/A 856 (26.9) 2695 (84.7)

I:intervention, C: control, N/A: not available

[see Additional file 1]). Similarly, GLP1-RA is the only no effect (Figure S4 and S5 shows this in more detail [see
drug class that convincingly reduces the relative risk of  Additional file 1]).

stroke and cardiovascular death by 17% (HR, 0.83; 95%

CIL, 0.76-0.92; P<0.001; P for heterogeneity, 0.77) and HHF

13% (HR, 0.87; 95% CI, 0.81-0.94; P<0.001; P for het- Overall, HHF occurred in a total of 2414 participants,
erogeneity, 0.33), respectively, whereas finerenone has 581 in the finerenone trials and 1833 in the GLP1-RA



Gu et al. Diabetology & Metabolic Syndrome

(2024) 16:14

Intention-to-treat  Unigue ID Study ID Experimental Comparator Outcome
FIDELIO-DKD NCT02540993 Finerenone Placebo MACE
FIGARO-DKD ~ NCT02545049 Finerenone Placebo MACE
ELIXA NCTO 1147250 Lixisenatide Placebo MACE
LEADER NCTO1179048 Liraglutide Placebo MACE
SUSTAIN-6  NCT01720446 Semaglutide Placebo MACE
EXSCEL NCTO1144338 Exenatide Placebo MACE
HARMONY NCT02465515 Albiglutide Placebo MACE
REWIND NCT01394952 Dulaglutide Placebo MACE
AMPLITUDE-0 NCT03496298 Efpeglenatide Placebo MACE
PIONEER 6  NCT02692716 Semaglutide Placebo MACE
FIDELIO-DKD NCT02540993 Finerenone Placebo Renal outcomes
FIGARO-DKD  NCT02545049 Finerenone Placebo Renal outcomes
ARTS-DN NCT1874431 Finerenone Placebo Renal outcomes
ELIXA NCTO01147250 Lixisenatide Placebo Renal outcomes
LEADER NCTO1179048 Liraglutide Placebo Renal outcomes
SUSTAIN-6  NCT01720446 Semaglutide Placebo Renal outcomes
EXSCEL NCTO1144338 Exenatide Placebo Renal outcomes
REWIND NCT01394952 Dulaglutide Placebo Renal outcomes
AMPLITUDE-O NCT03496298 Efpeglenatide Placebo Renal outcomes
FIDELIO-DKD NCT02540993 Finerenone Placebo HHF
FIGARO-DKD  NCT02545049 Finerenone Placebo HHF
ELIXA NCTO1147250 Lixisenatide Placebo HHF
LEADER NCTO1179048 Liraglutide Placebo HHF
SUSTAIN-6  NCT01720446 Semaglutide Placebo HHF
EXSCEL NCTO1144338 Exenatide Placebo HHF
REWIND NCT01394952 Dulaglutide Placebo HHF
PIONEER 6 NCT02692716 Semaglutide Placebo HHF

Fig. 2 Detailed risk of bias in each trial

trials (not including data from the HARMONY trial that
did not directly report that outcome). Treatment with
GLP1-RA might have no effect on lowering the relative
risk of HHF (HR, 0.91; 95% CI, 0.83-1.00; P=0.056), and
the effect of GLP1-RA on HHF was consistent across
studies (I’=0%, P for heterogeneity, 0.53). A sensitivity
analysis yielded an almost identical effect estimate (HR,
0.90; 95% CI, 0.83—-0.98; P=0.02). Finerenone reduced
the relative risk for HHF by 22% (HR, 0.78; 95% CI,
0.66-0.92; P=0.003; P for heterogeneity, 0.26; I>=22.2%;
Fig. 4). The effect of GLP1-RA and SGLT?2 inhibitors to
reduce HHF and other risks associated with a history of
heart failure (HF) has been assessed in newly released
publications [30, 31]. Compared with placebo, GLP1-
RA did not reduce the risk of HHF or the composite of
HHEF or cardiovascular death in patients with HF history
but reduced these outcomes in patients without HF his-
tory. In the present analysis, finerenone reduce HHF in
patients with HF history (HR, 0.68; 95% CI, 0.47-0.96;
P=0.036; P for heterogeneity, 0.91; I?°=0.0%) and showed
a tendency for reduction of HHF in patients without
HF history (HR, 0.83; 95% CI, 0.69-1.00; P=0.058; P for
heterogeneity, 0.16; ?°=49.9%). Compared with placebo,
finerenone did not reduce the composite of HHF or car-
diovascular death in patients with HF history (HR, 0.82;
95% CI, 0.62—1.08; P=0.162; P for heterogeneity, 0.86;
12=0.0%) but reduced this outcome in patients without
HF history (HR, 0.86; 95% CI, 0.76-0.97; P=0.015; P for
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heterogeneity, 0.57; 1?°=0.0%) (Figure S6 shows this in
more detail [see Additional file 1]).

Treatment effects on kidney function

Renal events were not available for the Harmony Out-
comes or PIONEER 6 trials. In total, the broad com-
posite kidney endpoint occurred in 6194 patients: 1858
in the finerenone trials and 4336 in the GLP1-RA trials.
Finerenone and GLP1-RA are both effective drugs, and
GLP1-RA is probably superior to finerenone. GLP1-RA
reduced the relative risk of the broad composite kid-
ney outcome significantly by 19% (HR, 0.81; 95% CI,
0.76-0.86; P<0.001; P for heterogeneity, 0.11, ?=45.0%),
whereas there was a 16% reduction with finerenone (HR,
0.84; 95% CI, 0.77-0.92; P<0.001; P for heterogeneity,
0.61, I?’=0.0%; Fig. 5A). Moreover, a previously published
meta-analysis has shown that the relative risk reduction
of the kidney composite with GLP1-RA appeared to be
mainly driven by a reduction in macroalbuminuria [10,
32]. However, with several more recently published trials,
our meta-analysis suggests that in addition to reducing
the risk of macroalbuminuria, GLP1-RA is comparable
to finerenone in reducing the risk of worsening eGFR
(Fig. 5B).

Discussion

Finerenone and GLP1-RA are antidiabetic medications
that have been demonstrated to lower the risk of cardio-
vascular and renal events in patients with T2DM [33, 34].
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Trials Patients Events Ireatment Placebo yeights HR [95% CI]
Finerenone

FIDELIO-DKD 5674 787 367/2833 420/2841 45.6 .—.—. 0.86 [0.75, 0.99]
FIGARO-DKD 7352 977 458/3686 519/3666 54.4 »—l—~ 0.87 [0.76, 0.98]
Fixed Effects for MACE (P-value=0.003) ——— 0.87 [0.79, 0.95]

Q =0.01, p =0.90;1* =0.0%

GLP1-RA

ELIXA 6068 805 406/3034 399/3034 12.5 »—-—< 1.02[0.89, 1.17]
LEADER 9340 1302 608/4668 694/4672 19.7 — 0.8710.78, 0.97]
SUSTAIN-6 3297 254 108/1648 146/1649 3.9 —_— 0.74[0.58, 0.95]
EXSCEL 14752 1744 839/7356 905/7396 27.0 »—-—4 0.91[0.83, 1.00]
HARMONY 9463 766 766/4731 428/4732 11.9 —_— 0.78 [0.68, 0.90]
REWIND 9901 1257 594/4949 663/4952 18.4 »—I—~ 0.88[0.79, 0.99]
AMPLITUDE-O 4076 314 189/2717 125/1359 4.4 —_— 0.73[0.58, 0.92]
PIONEER 6 3183 137 137/1591 76/1592 21 0.79[0.57, 1.11]
Fixed Effects for MACE (P-value<0.001) _— 0.87 [0.83, 0.92]

Q=12.62,p =0.08;1* =44.5%

[ T I I
0.50 1.00 1.50 2.00
Hazard Ratio

B
Trials Patients Events Weights HR [95% CI]

Established Atherosclerotic Cardiovascular Disease

Finerenone 5935 1106 17.8 —— 0.85[0.77, 0.95]
GLP1-RA 46105 5498 822 —_— 0.86 [0.82, 0.90]
Random Effects for MACE (P-value<0.001) — 0.86 [0.82, 0.90]

Q=0.02, p=0.90;1*=0.0%

Without Established Atherosclerotic Cardiovascular Disease

Finerenone 7091 658 39.8 '—'——' 0.92[0.79, 1.06]
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Fig. 3 Meta-analysis of finerenone and GLP1-RA trials on MACE. (A) Meta-analysis of finerenone and GLP1-RA trials on MACE stratified by drug class. (B)
Meta-analysis of finerenone and GLP1-RA trials on MACE stratified by established atherosclerotic cardiovascular disease (ASCVD). Forest plot showing the
treatment estimates of each drug class in each subgroup using random effects
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per 100 ptyrs per 100 ptyrs
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Fixed Effects for HHF (P-value = 0.003)
Q =1.29, p=0.26; I* =22.2%

0.78 [0.66, 0.92]

ELIXA 6068 249 18 19 137 0.96[0.75, 1.23]
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SUSTAIN-6 3297 113 1.76 161 6.2 1.11[0.77, 1.61]
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Fixed Effects for HHF (P-value = 0.056) — 0.91 [0.83, 1.00]
Q =4.46, p=0.61; 1 =0.0%
T T T 1
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Harzard Ratio

Fig. 4 Meta-analysis of finerenone and GLP1-RA trials on HHF stratified by drug class

However, the relative benefits of these drugs between
patients with or without pre-existing ASCVD remain
uncertain. The present meta-analysis confirms the ben-
efits of finerenone and GLP1-RA in reducing the risk of
MACE by approximately 14% in patients with pre-exist-
ing ASCVD. In addition, our meta-analysis reveals that
these drugs have a significant impact on overall cardio-
vascular and renal events.

Finerenone is the first non-steroidal mineralocorticoid
receptor antagonist that has high affinity and selectivity
for the mineralocorticoid receptor (MR) and differs from
steroidal mineralocorticoid receptor antagonists (MRAs)
and between each other in terms of important physio-
chemical, pharmacodynamic, and pharmacokinetic prop-
erties [35]. Similar to steroidal MRAs, evidence supports
a protective role of finerenone in anti-inflammatory, anti-
fibrotic and anti-remodeling in both kidney and cardiac
tissues, as well as reducing renal and myocardial hyper-
trophy, BNP, and proteinuria in rodent models, which
may be associated with its benefits in renal outcomes [4,
36, 37]. There is evidence from a previous publication
that finerenone did not show a significant difference in
reduced incidence of MACE based on pre-existing car-
diovascular disease status [38]. However, with recently
updated trials of finerenone, the present meta-analy-
sis shows that finerenone is likely to reduce the risk of

MACE by 15% in patients with established ASCVD (HR,
0.85; 95% CI, 0.78-0.94).

Heart failure is a major cause of hospitalization and
is responsible for approximately 7% of cardiovascular
deaths, which worsens the prognosis of T2DM patients
[39]. Patients with a history of HF at baseline studied
in finerenone and GLP1-RA trials have asymptom-
atic HFrEF (LVEF<40%) or HFrEF with NYHA class
I, HFpEF (LVEF>50%), or HFmrEF (LVEF 40-49%).
Finerenone reduced HHF risk by 22%, whereas there
was only a nonsignificant 9% relative risk reduction with
GLP1-RA. In addition, a history of HF did not appear to
modify the effect of finerenone versus placebo on HHF
in the presence of optimized RAS blockade, which might
be explained by the special potency of finerenone, such
as controlling blood pressure, anti-cardiac remodeling
and fibrosis [37]. A newly published meta-analysis has
highlighted that the effects of GLP-RA are modified by
HF status. Treatment with GLP1-RA did not reduce the
risk of HHF in T2DM patients with HF history, partic-
ularly HFrEF, but may prevent new-onset HF in T2DM
patients without HF [30, 40, 41]. The mechanisms for the
different effects of GLP1-RA on HHF prevention among
patient with or without HF remains uncertain but, nota-
bly, the outcomes showed the reductions in myocardial
infarction among the GLP1-RA trials (Figure S3). This
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Fig. 5 Meta-analysis of finerenone and GLP1-RA trials on renal end points. (A) Meta-analysis of finerenone and GLP1-RA trials on a broad kidney end
point stratified by drug class. (B) Meta-analysis of finerenone and GLP1-RA trials on a narrower kidney outcome excluding macroalbuminuria stratified

by drug class

finding raises the possibility that GLP1-RA may lower
the risk of HHF by reducing the risk of myocardial dam-
age by either reducing body weight, preventing coronary
occlusion and myocardial small vessel disease, or amelio-
rating myocardial muscle damage caused by inflamma-
tion or other processes [41, 42]. Meanwhile, GLP1-RA

are known to increase heart rate, which may be delete-
rious to patients with HF. It has reported that GLP1-RA
can reduce epicardial fat, which leads to decreased risk
of atherosclerotic cardiovascular disease, may explain
why GLP1-RA may possibly reduce HHF [43, 44]. Fur-
thermore, the GLP1 receptor, which plays an important
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role in cardiomyocytes and sinoatrial node cells through
a cyclic adenosine monophosphate—dependent pathway,
may induce intracellular calcium overload and increase
the risk of ventricular ectopy in high-risk patients, such
as those with severely depressed left ventricular ejection
fraction (LVEF) [30, 40].

With regard to kidney outcomes, the present meta-
analysis revealed that GLP1-RA has a similar effect as
finerenone on reducing the risk of renal events, even
excluding macroalbuminuria, which is in contrast to the
findings of another meta-analysis [10]. One of the rea-
sons could be that the REWIND data were not included,
because the results were not published at the time of sub-
mission. The REWIND data showed the greatest relative
risk reductions in renal outcomes among the GLP1-RA
trials. Dulaglutide significantly lowered all three compo-
nents of the composite renal outcome (the development
of new macroalbuminuria, a sustained 30% or greater
decline in eGFR, or new chronic renal replacement
therapy), the largest effect was noted for the develop-
ment of new macroalbuminuria [27]. The US Food and
Drug Administration product label states that liraglutide
is at increased risk of renal impairment [45]. Meanwhile,
patients with HFrEF and recent hospitalization for acute
HF have a greater risk of adverse renal outcomes com-
pared with patients without these conditions. However,
a post hoc analysis of FIGHT suggests that liraglutide
was not associated with worsening renal function among
patients with HFrEF and a recent hospitalization for HF
[46]. In addition, the possibility of the benefit of GLP1-
RA on renal outcomes will come with the results of the
ongoing FLOW (NCT03819153), which specifically tests
the kidney benefits of this class [3, 47]. The mechanism
underlying the beneficial effects remains unclear but
could be, at least in part, due to a combination of GLP-1
receptor agonist-induced weight loss, blood pressure
lowering and glycaemia improvements [42]. Interestingly,
human GLP-1 analogues such as liraglutide and semaglu-
tide show a favorable risk—benefit profile for MACE and
renal outcomes compared with exendin-4-based drugs,
including exenatide and lixisenatide. Mechanisms link-
ing the actions of GLP-1 analogues to cardiovascular and
renal outcomes are not well understood. It was reported
that GLP-1 analogues enhance sodium and water excre-
tion, reduce albumin excretion and have anti-inflam-
matory effects, which might play a protective role in
cardiovascular and renal events. Furthermore, they are
resistant to renal elimination due to their large molecular
weight or noncovalent binding to albumin, whereas exen-
din-4 based drugs are eliminated by the kidneys. In addi-
tion, exendin-4 analogues are resistant to degradation
by dipeptidyl peptidase-4 (DPP-4), which might explain
the greater cardiovascular and renal protective effects of
GLP-1 analogues than exendin-4 analogues [48, 49].
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The major strengths of this meta-analysis are as fol-
lows: first, this is the first study to investigate the ben-
efits of finerenone and GLP1-RA between patients
with or without established ASCVD. Second, the trials
included in this meta-analysis were large, and the statis-
tics were reliable, which provided high-quality evidence
to minimize the risk of bias and heterogeneity. Several
limitations should be noted in this meta-analysis. We
performed this meta-analysis using aggregate trial-level
data, and as a result, the observed differences in treat-
ment effects between subgroups were limited. In addi-
tion, the included studies were slightly different in the
exact inclusion/exclusion criteria and endpoint defini-
tions, which is particularly evident for the definitions of
renal outcomes. Randomized trials with head-to-head
comparisons would be necessary to demonstrate the
possible superiority of a drug class over the other within
finerenone and GLP1-RA. Third, there were differences
in drug doses, patient characteristics, and background
therapy. Finally, the present meta-analysis is not able to
assess potential incremental or additive treatment effects
when both drug classes are used in combination.

Conclusion

In conclusion, finerenone and GLP1-RA lead to a risk
reduction in MACE to a similar extent in patients with
established ASCVD. In patients with T2DM, finerenone
has significant effects on reducing the risk of progression
of kidney disease and HHF, whereas GLP1-RA is associ-
ated with a lower risk of renal events but has no effect
on HHE. Therefore, the prevention of HHF potentially by
finerenone over GLP1-RA should be considered for deci-
sion makers in adults with T2DM.

Abbreviations

GLP1-RA Glucagon-like peptide 1 receptor agonists
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MACE Major adverse cardiovascular events

HHF Hospitalization for heart failure
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MA Mineralocorticoid receptor

MRA mineralocorticoid receptor antagonist
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LVEF left ventricular ejection fraction
HFmrEF Heart failure with mildly reduced ejection fraction
DPP-4 Dipeptidyl peptidase-4
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