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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 (CIs).

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% CI, 0.79–0.95; P = 0.003), while GLP1-RA 
reduced the risk in a similar magnitude by 13% (HR, 0.87; 95% CI, 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% CI, 0.82–0.90; P < 0.001), whereas no effect was observed in patients without 
established atherosclerotic cardiovascular disease (HR, 0.93; 95% CI, 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% CI, 0.66–0.92; P = 0.003). Both finerenone (HR, 0.84; 95% 
CI, 0.77–0.92; P < 0.001) and GLP1-RA (HR, 0.81; 95% CI, 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.
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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).

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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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, HHF, 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, HbA1c, 
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 (CIs) 
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 I2. 
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 I2 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 

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 m² 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 (I2 = 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 



Page 4 of 12Gu et al. Diabetology & Metabolic Syndrome           (2024) 16:14 

disease (baseline eGFR < 60mL/min/1.73m2) but reduce 
the risk of MACE in moderate kidney disease (baseline 
eGFR ≥ 60mL/min/1.73m2) (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 

Fig. 1  PRISMA flowchart: study selection
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[see Additional file 1]). Similarly, GLP1-RA is the only 
drug class that convincingly reduces the relative risk of 
stroke and cardiovascular death by 17% (HR, 0.83; 95% 
CI, 0.76–0.92; P < 0.001; P for heterogeneity, 0.77) and 
13% (HR, 0.87; 95% CI, 0.81–0.94; P < 0.001; P for het-
erogeneity, 0.33), respectively, whereas finerenone has 

no effect (Figure S4 and S5 shows this in more detail [see 
Additional file 1]).

HHF
Overall, HHF occurred in a total of 2414 participants, 
581 in the finerenone trials and 1833 in the GLP1-RA 

Table 1  Baseline characteristics of included trials
Trial Drug Drug dose(mg/d) Trial participants, 

n 
Age (years) Gender 

(male), n 
(%)

BMI

Total I C I C I C I C
Finerenone vs. placebo
FIDELIO-DKD Finerenone 10/20 5674 2833 2841 65.4 ± 8.9 65.7 ± 9.2 1953 

(68.9)
2030 
(71.5)

31.1 ± 6.0 31.1 ± 6.0

FIGARO-DKD Finerenone 10/20 7352 3686 3666 64.1 ± 9.7 64.1 ± 10.0 2528 
(68.6)

2577 
(70.3)

31.5 ± 6.0 31.4 ± 5.9

ARTS-DN Finerenone 1.25/2.5/5/7.5/10/15/20 823 729 94 64.33 ± 9.20 63.26 ± 8.68 570 
(78.4)

69 
(73.4)

31.75 ± 5.57 32.49 ± 5.27

GLP-1RA vs. placebo
ELIXA Lixisenatide 0.01 6068 3034 3034 59.9 ± 9.7 60.6 ± 9.6 2111 

(69.6)
2096 
(69.1)

30.1 ± 5.6 30.2 ± 5.8

LEADER Liraglutide 1.8 9340 4668 4672 64.2 ± 7.2 64.4 ± 7.2 3011 
(64.5)

2992 
(64.0)

32.5 ± 6.3 32.5 ± 6.3

SUSTAIN-6 Semaglutide 0.5/1 weekly 3297 1648 1649 64.7 ± 7.2 64.6 ± 7.5 1013 
(61.5)

989 
(60.0)

32.8 ± 6.2 32.8 ± 6.2

EXSCEL Exenatide 2 weekly 14,752 7356 7396 61.8 ± 9.4 61.9 ± 9.4 4562 
(62.0)

4587 
(62.0)

32.7 ± 6.4

HARMONY Albiglutide 30/50 9463 4731 4732 64.1 ± 8.7 64.2 ± 8.7 3304 
(70.0)

3265 
(69.0)

32.3 ± 5.9 32.3 ± 5.9

REWIND Dulaglutide 1.5 weekly 9901 4949 4952 66.2 ± 6.5 66.2 ± 6.5 2643 
(53.4)

2669 
(53.9)

32.3 ± 5.7 32.3 ± 5.8

AMPLITUDE-O Exenatide 2 weekly 4076 2717 1359 64.6 ± 8.2 64.4 ± 8.3 1792 
(66.0)

940 
(69.2)

32.9 ± 6.2 32.4 ± 6.0

PIONEER 6 Semaglutide 14 3183 1591 1592 66 ± 7 66 ± 7 1084 
(68.1)

1092 
(68.6)

32.3 ± 6.6 32.3 ± 6.4

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

Table 1  (Continued)
Trial HbA1C (%) eGFR (ml/ min/1.73 

m2)
Duration of diabe-
tes (years)

Median 
follow 
year 
(years)

eGFR < 60 ml/
min per 1.73 
m2, n (%)

Proportion of patients 
with established ath-
erosclerotic cardiovas-
cular disease, n (%)

I C I C I C

Finerenone vs. placebo
FIDELIO-DKD 7.7 ± 1.3 7.7 ± 1.4 44.4 ± 12.5 44.3 ± 12.6 16.6 ± 8.8 16.6 ± 8.8 2.6 5016 (88.4) 2605 (45.9)

FIGARO-DKD 7.7 ± 1.4 7.7 ± 1.4 67.6 ± 21.7 68.0 ± 21.7 14.5 ± 8.6 14.4 ± 8.4 3.4 2812 (38.3) 3330 (45.3)

ARTS-DN 7.6 ± 1.3 7.6 ± 1.3 66.9 ± 21.9 72.2 ± 20.4 N/A N/A 328 (40.0) N/A

GLP-1RA vs. placebo
ELIXA 7.7 ± 1.3 7.6 ± 1.3 76.7 ± 21.3 75.2 ± 21.4 9.2 ± 8.2 9.4 ± 8.3 2.1 1407 (23.2) 6068 (100.0)

LEADER 8.7 ± 1.6 8.7 ± 1.5 80.2 ± 27.2 80.5 ± 10.8 12.8 ± 8.0 12.9 ± 8.1 3.8 2158 (23.1) 7598 (81.3)

SUSTAIN-6 8.7 ± 1.5 8.7 ± 1.5 75.9 ± 25.9 76.4 ± 27.2 14.2 ± 8.2 13.6 ± 8.0 2.1 939 (28.5) 2735 (83.0)

EXSCEL 8.1 ± 1.0 78.4 ± 24.1 13.1 ± 8.3 3.2 3191 (21.6) 10,782 (73.1)

HARMONY 8.76 ± 1.5 8.72 ± 1.5 79.1 ± 25.6 78.9 ± 25.4 14.1 ± 8.6 14.2 ± 8.9 1.6 N/A 9463 (100.0)

REWIND 7.3 ± 1.1 7.4 ± 1.1 77.2 ± 22.7 76.6 ± 22.8 10.5 ± 7.3 10.6 ± 7.2 5.4 2199 (22.2) 3114 (31.5)

AMPLITUDE-O 8.90 ± 1.46 8.94 ± 1.52 72.2 ± 21.9 72.9 ± 23.3 15.6 ± 8.8 15.1 ± 8.7 1.81 N/A 3650 (89.6)

PIONEER 6 8.2 ± 1.6 8.2 ± 1.6 74 ± 21 74 ± 21 14.7 ± 8.5 15.1 ± 8.5 N/A 856 (26.9) 2695 (84.7)
I: intervention, C: control, N/A: not available
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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 (I2 = 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; I2 = 22.2%; 
Fig. 4). The effect of GLP1-RA and SGLT2 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 
HHF 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; I2 = 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; I2 = 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; 
I2 = 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 

heterogeneity, 0.57; I2 = 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, I2 = 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, I2 = 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]. 

Fig. 2  Detailed risk of bias in each trial
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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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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 

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

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

 



Page 10 of 12Gu et al. Diabetology & Metabolic Syndrome           (2024) 16:14 

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].

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 HHF. 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
T2DM	� Type 2 diabetes mellitus
MACE	� Major adverse cardiovascular events
HHF	� Hospitalization for heart failure
HR	� Hazard ratio
CI	� Confidence interval
ESRD	� End-stage renal disease
CKD	� Chronic kidney disease
eGFR	� Estimated glomerular filtration rate
RCTs	� Randomized control trials
ADA	� American Diabetes Association
ASCVD	� Atherosclerotic cardiovascular disease
PRISMA-P	� Preferred reporting items for systematic reviews and meta-

analyses protocols
T1DM	� Type 1 diabetes mellitus
MA	� Mineralocorticoid receptor
MRA	� mineralocorticoid receptor antagonist
CVD	� Cardiovascular disease
HFrEF	� Heart failure with reduced ejection fraction
HFpEF	� Heart failure with preserved ejection fraction
LVEF	� left ventricular ejection fraction
HFmrEF	� Heart failure with mildly reduced ejection fraction
DPP-4	� Dipeptidyl peptidase-4



Page 11 of 12Gu et al. Diabetology & Metabolic Syndrome           (2024) 16:14 

Supplementary Information
The online version contains supplementary material available at https://doi.
org/10.1186/s13098-023-01251-2.

Supplementary Material 1

Supplementary Material 2

Acknowledgements
This work was supported by grants from the National High Level Hospital 
Clinical Research Funding (2023-NHLHCRF-YS-01) and National Natural 
Science Foundation of China (82300815).

Author contributions
XG and WL designed and monitored the whole analysis. XG and SJ 
contributed to study selection. GX, SJ and YY contributed to data extraction. 
SJ and YY provided the methodological support. GX and SJ contributed 
to the data analysis and paper writing. SJ and WL were responsible for the 
data review. All authors provided critical review. All authors reviewed the 
manuscript.

Funding
The author Wenge Li received a fund from the National High Level Hospital 
Clinical Research Funding and National Natural Science Foundation of China. 
The funding agency had no role in designing the study, conducting the 
analysis, interpreting the data or writing the manuscript.

Data availability
All data generated or analyzed during this study are included in this published 
article.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details
1China-Japan Friendship Hospital (institute of Clinical Medical Sciences), 
Chinese academy of Medical Sciences & Peking union Medical College, 
Beijing, China
2Department of Nephrology, China-Japan Friendship Hospital, Beijing, 
China

Received: 22 October 2023 / Accepted: 29 December 2023

References
1.	 International Diabetes Federation. IDF Diabetes Atlas. 10th ed. Brussels, 

Belgium: International Diabetes Federation; 2021.
2.	 Alicic RZ, Rooney MT, Tuttle KR. Diabetic Kidney Disease: challenges, Progress, 

and possibilities. Clin J Am Soc Nephrol. 2017;12:2032–45.
3.	 American Diabetes Association Professional Practice C. 11. Chronic Kidney 

Disease and Risk Management: standards of Care in Diabetes-2024. Diabetes 
Care. 2024;47:219–S30.

4.	 Grune J, Beyhoff N, Smeir E, Chudek R, Blumrich A, Ban Z, et al. Selective 
mineralocorticoid receptor cofactor modulation as molecular basis for 
Finerenone’s antifibrotic activity. Hypertension. 2018;71:599–608.

5.	 Agarwal R, Kolkhof P, Bakris G, Bauersachs J, Haller H, Wada T, et al. Steroidal 
and non-steroidal mineralocorticoid receptor antagonists in cardiorenal 
medicine. Eur Heart J. 2021;42:152–61.

6.	 Kolkhof P, Delbeck M, Kretschmer A, Steinke W, Hartmann E, Bärfacker L, et 
al. Finerenone, a novel selective nonsteroidal mineralocorticoid receptor 
antagonist protects from rat cardiorenal injury. J Cardiovasc Pharmacol. 
2014;64:69–78.

7.	 Bakris GL, Agarwal R, Anker SD, Pitt B, Ruilope LM, Rossing P, et al. Effect of 
Finerenone on chronic Kidney Disease outcomes in type 2 Diabetes. N Engl J 
Med. 2020;383:2219–29.

8.	 Pitt B, Filippatos G, Agarwal R, Anker SD, Bakris GL, Rossing P, et al. Cardiovas-
cular events with finerenone in Kidney Disease and type 2 Diabetes. N Engl J 
Med. 2021;385:2252–63.

9.	 ElSayed NA, Aleppo G, Aroda VR, Bannuru RR, Brown FM, Bruemmer D, et al. 
9. Pharmacologic approaches to Glycemic Treatment: standards of Care in 
Diabetes-2023. Diabetes Care. 2023;46:140–s57.

10.	 Zelniker TA, Wiviott SD, Raz I, Im K, Goodrich EL, Furtado RHM, et al. 
Comparison of the effects of Glucagon-Like peptide receptor agonists and 
sodium-glucose cotransporter 2 inhibitors for Prevention of Major adverse 
Cardiovascular and renal outcomes in type 2 Diabetes Mellitus. Circulation. 
2019;139:2022–31.

11.	 Rodriguez-Valadez JM, Tahsin M, Fleischmann KE, Masharani U, Yeboah J, 
Park M, et al. Cardiovascular and Renal benefits of Novel Diabetes Drugs by 
Baseline Cardiovascular risk: a systematic review, Meta-analysis, and Meta-
regression. Diabetes Care. 2023;46:1300–10.

12.	 Hutton B, Salanti G, Caldwell DM, Chaimani A, Schmid CH, Cameron C, et al. 
The PRISMA extension statement for reporting of systematic reviews incor-
porating network meta-analyses of health care interventions: checklist and 
explanations. Ann Intern Med. 2015;162:777–84.

13.	 Shamseer L, Moher D, Clarke M, Ghersi D, Liberati A, Petticrew M, et al. 
Preferred reporting items for systematic review and meta-analysis protocols 
(PRISMA-P) 2015: elaboration and explanation. BMJ (Clinical Research ed). 
2015;350:g7647.

14.	 Moher D, Shamseer L, Clarke M, Ghersi D, Liberati A, Petticrew M, et al. 
Preferred reporting items for systematic review and meta-analysis protocols 
(PRISMA-P) 2015 statement. Syst Reviews. 2015;4:1.

15.	 Higgins JP, Altman DG, Gøtzsche PC, Jüni P, Moher D, Oxman AD, et al. The 
Cochrane collaboration’s tool for assessing risk of bias in randomised trials. 
BMJ (Clinical Research ed). 2011;343:d5928.

16.	 Higgins JP, Thompson SG, Deeks JJ, Altman DG. Measuring inconsistency in 
meta-analyses. BMJ (Clinical Research ed). 2003;327:557–60.

17.	 Hartung J, Knapp G. A refined method for the meta-analysis of controlled 
clinical trials with binary outcome. Stat Med. 2001;20:3875–89.

18.	 Viechtbauer W. Conducting Meta-analyses in R with the metafor Package. J 
Stat Softw. 2010;36:1–48.

19.	 Bakris GL, Agarwal R, Chan JC, Cooper ME, Gansevoort RT, Haller H, et al. 
Effect of Finerenone on Albuminuria in patients with Diabetic Nephropathy: 
a Randomized Clinical Trial. JAMA. 2015;314:884–94.

20.	 Pfeffer MA, Claggett B, Diaz R, Dickstein K, Gerstein HC, Kober LV, et al. Lix-
isenatide in patients with type 2 Diabetes and Acute Coronary Syndrome. N 
Engl J Med. 2015;373:2247–57.

21.	 Marso SP, Daniels GH, Frandsen KB, Kristensen P, Mann JFE, Nauck MA, et al. 
Liraglutide and cardiovascular outcomes in type 2 Diabetes. N Engl J Med. 
2016;375:311–22.

22.	 Mann JFE, Orsted DD, Brown-Frandsen K, Marso SP, Poulter NR, Rasmussen 
S, et al. Liraglutide and renal outcomes in type 2 Diabetes. N Engl J Med. 
2017;377:839–48.

23.	 Marso SP, Bain SC, Consoli A, Eliaschewitz FG, Jodar E, Leiter LA, et al. Sema-
glutide and cardiovascular outcomes in patients with type 2 Diabetes. N Engl 
J Med. 2016;375:1834–44.

24.	 Holman RR, Bethel MA, Mentz RJ, Thompson VP, Lokhnygina Y, Buse JB, et 
al. Effects of once-weekly Exenatide on Cardiovascular outcomes in type 2 
Diabetes. N Engl J Med. 2017;377:1228–39.

25.	 Hernandez AF, Green JB, Janmohamed S, D’Agostino RB, Sr., Granger CB, 
Jones NP, et al. Albiglutide and cardiovascular outcomes in patients with type 
2 Diabetes and Cardiovascular Disease (harmony outcomes): a double-blind, 
randomised placebo-controlled trial. Lancet. 2018;392:1519–29.

26.	 Gerstein HC, Colhoun HM, Dagenais GR, Diaz R, Lakshmanan M, Pais P, et al. 
Dulaglutide and cardiovascular outcomes in type 2 Diabetes (REWIND): a 
double-blind, randomised placebo-controlled trial. Lancet. 2019;394:121–30.

27.	 Gerstein HC, Colhoun HM, Dagenais GR, Diaz R, Lakshmanan M, Pais P, et al. 
Dulaglutide and renal outcomes in type 2 Diabetes: an exploratory analysis of 
the REWIND randomised, placebo-controlled trial. Lancet. 2019;394:131–8.

https://doi.org/10.1186/s13098-023-01251-2
https://doi.org/10.1186/s13098-023-01251-2


Page 12 of 12Gu et al. Diabetology & Metabolic Syndrome           (2024) 16:14 

28.	 Gerstein HC, Sattar N, Rosenstock J, Ramasundarahettige C, Pratley R, Lopes 
RD, et al. Cardiovascular and renal outcomes with efpeglenatide in type 2 
Diabetes. N Engl J Med. 2021;385:896–907.

29.	 Husain M, Birkenfeld AL, Donsmark M, Dungan K, Eliaschewitz FG, Franco DR, 
et al. Oral Semaglutide and Cardiovascular outcomes in patients with type 2 
Diabetes. N Engl J Med. 2019;381:841–51.

30.	 Ferreira JP, Saraiva F, Sharma A, Vasques-Novoa F, Angelico-Goncalves A, 
Leite AR, et al. Glucagon-like peptide 1 receptor agonists in patients with 
type 2 Diabetes with and without chronic Heart Failure: a meta-analysis 
of randomized placebo-controlled outcome trials. Diabetes Obes Metab. 
2023;25:1495–502.

31.	 Sharma A, Ferreira JP, Zannad F, Pocock SJ, Filippatos G, Pfarr E, et al. Cardiac 
and kidney benefits of empagliflozin in Heart Failure across the spectrum of 
kidney function: insights from the EMPEROR-Preserved trial. Eur J Heart Fail. 
2023;25:1337–48.

32.	 Giugliano D, Scappaticcio L, Longo M, Caruso P, Maiorino MI, Bellastella G, et 
al. GLP-1 receptor agonists and cardiorenal outcomes in type 2 Diabetes: an 
updated meta-analysis of eight CVOTs. Cardiovasc Diabetol. 2021;20:189.

33.	 Agarwal R, Pitt B, Rossing P, Anker SD, Filippatos G, Ruilope LM et al. Modifi-
ability of Composite Cardiovascular Risk Associated with chronic Kidney 
Disease in type 2 Diabetes with Finerenone. JAMA Cardiol. 2023.

34.	 Ussher JR, Drucker DJ. Glucagon-like peptide 1 receptor agonists: cardiovas-
cular benefits and mechanisms of action. Nat Rev Cardiol. 2023;20:463–74.

35.	 Kolkhof P, Joseph A, Kintscher U. Nonsteroidal mineralocorticoid receptor 
antagonism for cardiovascular and renal disorders - new perspectives for 
combination therapy. Pharmacol Res. 2021;172:105859.

36.	 Grune J, Benz V, Brix S, Salatzki J, Blumrich A, Höft B, et al. Steroidal and 
nonsteroidal mineralocorticoid receptor antagonists cause Differential 
Cardiac Gene expression in pressure overload-induced Cardiac Hypertrophy. 
J Cardiovasc Pharmacol. 2016;67:402–11.

37.	 Pandey AK, Bhatt DL, Cosentino F, Marx N, Rotstein O, Pitt B, et al. Non-steroi-
dal mineralocorticoid receptor antagonists in cardiorenal Disease. Eur Heart J. 
2022;43:2931–45.

38.	 Filippatos G, Anker SD, Agarwal R, Pitt B, Ruilope LM, Rossing P, et al. Finere-
none and Cardiovascular outcomes in patients with chronic Kidney Disease 
and type 2 Diabetes. Circulation. 2021;143:540–52.

39.	 Ambrosy AP, Fonarow GC, Butler J, Chioncel O, Greene SJ, Vaduganathan M, 
et al. The global health and economic burden of hospitalizations for Heart 
Failure: lessons learned from hospitalized Heart Failure registries. J Am Coll 
Cardiol. 2014;63:1123–33.

40.	 Ferreira JP, Sharma A, Butler J, Packer M, Zannad F, Vasques-Novoa F et al. 
Glucagon-like peptide-1 receptor agonists across the spectrum of Heart 
Failure. J Clin Endocrinol Metab. 2023.

41.	 Sharma A, Ambrosy AP, DeVore AD, Margulies KB, McNulty SE, Mentz RJ, et al. 
Liraglutide and weight loss among patients with advanced Heart Failure and 
a reduced ejection fraction: insights from the FIGHT trial. ESC Heart Failure. 
2018;5:1035–43.

42.	 Sattar N, Lee MMY, Kristensen SL, Branch KRH, Del Prato S, Khurmi NS, et al. 
Cardiovascular, mortality, and kidney outcomes with GLP-1 receptor agonists 
in patients with type 2 Diabetes: a systematic review and meta-analysis of 
randomised trials. The Lancet Diabetes & Endocrinology. 2021;9:653–62.

43.	 Davies MJ, Aroda VR, Collins BS, Gabbay RA, Green J, Maruthur NM, et al. Man-
agement of hyperglycaemia in type 2 Diabetes, 2022. A consensus report by 
the American Diabetes Association (ADA) and the European Association for 
the Study of Diabetes (EASD). Diabetologia. 2022;65:1925–66.

44.	 Effects of Semaglutide Versus Dulaglutide on Epicardial. Fat thickness in 
subjects with type 2 Diabetes and obesity. J Endocr Soc. 2020;4:bvz042.

45.	 U.S. Food and Drug Administration. Available at: https://www.accessdata.fda.
gov/drugsatfda_docs/label/2014/206321Orig1s000lbl.pdf. 2014. Accessed 
March 27, 2020.

46.	 Redouane B, Greene SJ, Fudim M, Vaduganathan M, Ambrosy AP, Sun JL, et al. 
Effects of Liraglutide on worsening renal function among patients with Heart 
Failure with reduced ejection fraction: insights from the FIGHT Trial. Circ Heart 
Fail. 2020;13:e006758.

47.	 A/S. NN. A research study to see how semaglutide works compared to pla-
cebo in people with type 2 diabetes and chronic kidney disease (FLOW). In: 
ClinicalTrials.gov. Bethesda, MD, National Library of Medicine, 2019. Accessed 
24 September 2023. Available from https://clinicaltrials.gov/ct2/show/
NCT03819153.

48.	 Zhang Y, Jiang L, Wang J, Wang T, Chien C, Huang W, et al. Network meta-
analysis on the effects of finerenone versus SGLT2 inhibitors and GLP-1 
receptor agonists on cardiovascular and renal outcomes in patients with 
type 2 Diabetes Mellitus and chronic Kidney Disease. Cardiovasc Diabetol. 
2022;21:232.

49.	 Hammoud R, Drucker DJ. Beyond the pancreas: contrasting cardiometabolic 
actions of GIP and GLP1. Nat Rev Endocrinol. 2023;19:201–16.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations.

https://www.accessdata.fda.gov/drugsatfda_docs/label/2014/206321Orig1s000lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2014/206321Orig1s000lbl.pdf
https://clinicaltrials.gov/ct2/show/NCT03819153
https://clinicaltrials.gov/ct2/show/NCT03819153

	﻿Effects of finerenone and glucagon-like peptide 1 receptor agonists on cardiovascular and renal outcomes in type 2 diabetes mellitus: a systematic review and meta-analysis
	﻿Abstract
	﻿Introduction
	﻿Methods
	﻿Registration
	﻿Literature search and study selection
	﻿Outcomes
	﻿Data extraction and quality assessment
	﻿Statistical analysis

	﻿Results
	﻿Baseline characteristics of the included trials
	﻿Risk of bias
	﻿MACE
	﻿Treatment effect on the individual components of MACE
	﻿HHF
	﻿Treatment effects on kidney function

	﻿Discussion
	﻿Conclusion
	﻿References


