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Abstract

Aim: To compare treatment effect sizes between a composite kidney outcome (CKO)

and three-point major adverse cardiovascular event (MACE-3) outcomes with use of

sodium-glucose cotransporter-2 (SGLT2) inhibitors and glucagon-like peptide-1

receptor agonists (GLP-1RAs), and to investigate the relationship between treatment

effects on CKO and MACE-3 in patients with type 2 diabetes (T2D).

Materials and Methods: We performed a MEDLINE database search up to December

31, 2021 to identify all placebo-controlled Phase 3 trials which investigated the efficacy

of glucose-lowering interventions, and selected those reporting results for CKO and

MACE-3. Hazard ratios (HRs) with 95% confidence intervals (CIs) for both outcomes

were extracted for each trial, and we evaluated differences in treatment effect sizes by

using a ratio of HRs (rHR): the HR for CKO to the HR for MACE-3. A random-effects

meta-analysis was used to obtain the overall rHR across trials and according to subgroup.

We investigated the relationship between treatment effects on CKO and MACE-3 using

the coefficient of determination (R2) with weighted meta-regression. The study protocol

was registered on PROSPERO (CRD42022299690).

Results: A total of 12 studies fulfilled the prespecified criteria, and comprised a total

of 104 987 patients with T2D. On average, treatment effect sizes were 17% greater

for CKO than for MACE-3 (rHR 0.83, 95% CI 0.74 to 0.92; I2 = 50%; P = 0.03;

τ2 = 0.0161), especially for trials of SGLT2 inhibitors compared with GLP-1RAs. For

secondary outcomes, treatment effect size was 22%, 21%, 16% and 9% greater for

CKO than for myocardial infarction, stroke, death from cardiovascular causes, and

hospitalization for heart disease, respectively. MACE-3 and CKO were moderately
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correlated (ρ = 0.40; P = 0.21), and only 11% (95% CI 1% to 54%) of the variability in

the MACE-3 effect could be explained by the variability in the CKO effect.

Conclusion: In T2D patients, treatment effect sizes were greater for kidney than for

macrovascular (MACE-3) outcomes, with important differences according to the

drugs considered. CKO and MACE-3 are independent. Caution must be taken when

interpreting CKO in the absence of MACE-3 data.

K E YWORD S

CKD-DT2, composite kidney outcome, MACE-3, meta-analysis

1 | INTRODUCTION

Patients with coexisting type 2 diabetes (T2D) and chronic kidney

disease (CKD) are at high risk for both cardiovascular events and

premature death.1-3 With the requirement of the US authorities to

assess cardiovascular safety for all new blood glucose-lowering

drugs in 2008, many randomized trials evaluating sodium-glucose

cotransporter-2 (SGLT2) inhibitors and glucagon-like peptide-1

receptor agonists (GLP-1RAs) against placebo have been

conducted.4

Results from these randomized trials as well as large-scale sys-

tematic review and network meta-analysis of 764 trials suggest that,

compared with dipeptidyl peptidase-4 (DPP-4) inhibitors, SGLT2

inhibitors and GLP-1RAs are more effective in reducing cardiovascular

disease (CVD), kidney failure, hospital admission for heart failure, and

all-cause mortality. Nevertheless, some differences in cardiorenal pro-

tection exist between SGLT2 inhibitors and GLP-1RAs. For example,

SGLT2 inhibitors reduce admissions to hospital for heart failure, and

cause genital infection to a greater extent than GLP-1RAs, whereas

GLP-1RAs reduce nonfatal stroke and increase severe gastrointestinal

events to a greater extent than SGLT2 inhibitors.5 This evidence was

confirmed by findings from several recent meta-analyses, which

suggested that the cardiorenal benefits of SGLT2 inhibitors and

GLP-1RAs may be partially mediated by improvements in intermedi-

ate outcomes such as reductions in blood pressure, body weight,

glycated haemoglobin (HbA1c), or albumin-to-creatinine ratio with no

increase in the risk of hypoglycaemia.6-9

Based on the above evidence, SGLT2 inhibitors and GLP-1RAs

are now recommended for diabetic patients in secondary prevention,

with the choice of molecule guided by safety and type of micro- or

macrovascular complications. At present, there are no randomized

clinical trials to support these recommendations with regard to the

choice between gliflozin and GLP-1RAs in cases of renal failure or

CVD. Estimation of the differences in treatment effect size between

major adverse cardiovascular events (MACE-3) and a composite kid-

ney outcome (CKO) may help to overcome this issue and guide health

authorities and clinicians to choose the most appropriate drug in these

contexts. In addition, whether the magnitude of treatment effects dif-

fers according to MACE-3 or CKO remains uncertain. To the best of

our knowledge, the difference between CKO and MACE-3 with

regard to treatment effect size has not yet been formally investigated.

The aim of this study therefore was, first, to investigate whether

there is a difference in treatment effect sizes between the two major

cardiorenal outcomes (MACE-3 and CKO) in patients with T2D, and

between CKO and each component of the MACE-3 outcome. Second,

we aimed to investigate the relationship between treatment effects

on kidney composite outcome and major cardiovascular events.

2 | METHODS

2.1 | Search strategy and selection criteria

In this meta-analysis study, we searched MEDLINE (via PubMed), up

to December 31, 2021 for published randomized placebo-controlled

trials (RCTs) which evaluated the efficacy of new glucose-lowering

drugs, mainly SGLT2 inhibitors and GLP-1RAs, on both cardiovascular

and renal outcomes in patients with T2D. Observational studies

(cohort, case-control), cases series or cases reports were excluded.

This pooled analysis was aligned with the Preferred Reporting Items

for Systematic Reviews and Meta-Analysis (PRISMA). The study pro-

tocol was registered on PROSPERO (CRD42022299690).

2.2 | Data extraction and risk of bias assessment

Data extraction and trial bias assessment were performed indepen-

dently by two reviewers (A.D. and M.C.B.), with disagreement

resolved by consensus. For each study that met the eligibility criteria,

the following information was extracted: the name of the first author,

year of publication, study design (superiority or noninferiority), follow-

up, sample size, presence of a run-in period, outcome status (MACE-3

as primary outcome vs. MACE-3 as secondary outcome), patients’
clinicopathological characteristics (sex, age, body mass index [BMI],

estimated glomerular filtration rate [eGFR], HbA1c, systolic blood

pressure, history of heart failure or CVD, and T2D duration), treat-

ment (SGLT2 inhibitors and GLP-1RAs), and clinical outcomes (num-

ber of event for each primary and secondary outcome and adjusted

hazard ratio [HR] and 95% confidence interval [CI] associated with

outcomes). Risk of bias was assessed using the Cochrane Collabora-

tion's Risk of Bias Tool (Rob2) for RCTs.10 In Rob2, the following char-

acteristics were considered: randomization sequence generation and
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allocation concealment (selection bias); the blinding of participants

and personnel (performance bias); the blinding of outcome (detection

bias); incomplete outcome data (attrition bias); and selective reporting

(reporting bias).

2.3 | Data synthesis and analysis

The primary outcome was analysis of the two major cardiorenal out-

comes: three-point MACE-3 for cardiovascular outcomes (MACE-3), a

composite of death from cardiovascular causes, fatal or nonfatal

stroke, and fatal or nonfatal myocardial infarction, and CKO, consist-

ing of end-stage renal disease (except for the ELIXA trial,11 which

used new-onset macroalbuminuria), decline in kidney function defined

as a decrease in eGFR above a certain threshold (≥30%, ≥40%, and

≥50%), and death from renal causes. The secondary outcomes were

all-cause mortality, hospitalization for heart failure, and each compo-

nent of the MACE-3 outcome: death from cardiovascular causes,

myocardial infarction and stroke. To evaluate the differences in effect

size between the two major cardiorenal outcomes, we applied a meta-

epidemiological approach using a two-step process.12 In Step 1, the

differences in treatment effect size between the two major cardiore-

nal outcomes were quantified within each study by using the ratio of

HRs (rHR): HR for CKO to the HR for MACE-3 (rHR = HRCKO/

HRMACE-3). An HR <1 indicated a large treatment effect, and an

rHR <1.0 indicated a greater effect size for CKO relative to MACE-3

in the same study. The standard error (SE) of the log rHR was com-

puted by applying the method used by Tan et al, as follows:13

SE logrHRð Þ¼ √Var logHRCKOð ÞþVar logHRMACE�3ð Þ�ρ�2
�SE logHRCKOð Þ�SE logHRMACE�3ð Þ:

In Step 2, a combined difference (rHR) and 95% CI between CKO

and MACE-3 across studies was estimated using a random-effects

model. Heterogeneity across trials were investigated using the I2 sta-

tistic, the Cochrane Q test, and between-study variance τ2. We per-

formed sensitivity analyses to evaluate the robustness of results by

testing different levels of correlation (ρ = 0 to 0.95) in treatment

effect estimates between CKO and MACE-3. We applied the same

methodology to assess the difference in treatment effect size

between CKO and the secondary endpoints (each component of the

MACE-3 outcome, hospitalization for heart failure, and all-cause mor-

tality). Furthermore, we estimated the ratio of the absolute difference

(rAD) between CKO and MACE-3, hospitalization for heart failure,

and all-cause mortality using the same methodology that was

described for the rHR. An absolute difference (AD) <0 indicated a

great effect of treatment, and rAD <0 indicated a great effect size for

CKO relative to the MACE-3 in the same study. Subgroup analyses

using a meta-regression model were based on study design (superior-

ity or noninferiority), use of a run-in period (yes vs. no), outcome sta-

tus (MACE-3 as primary outcome vs. MACE-3 as secondary outcome),

type of treatment (SGLT2 inhibitors and GLP-1RAs), baseline eGFR

(<60 mL/min per 1.73 m2 vs. ≥60 mL/min per 1.73 m2), presence of

baseline CVD (all patients with CVD vs. none) or the presence of

baseline heart failure (≥20% vs. <20%), and the median values for age,

BMI, HbA1c level, duration of diabetes, duration of follow-up, and

sample size to ensure balance between the comparison groups.

Finally, we investigated the relationship between treatment

effects on CKO and MACE-3 by using a meta-regression of log

HRMACE-3 on log HRCKO weighted by within-study variance. To ana-

lyse the proportion of variance in treatment effect on MACE-3 that is

predictable from the treatment effect on CKO (R2 at trial-level), the

Spearman correlation ρ values between log HRMACE-3 and log HRCKO

were calculated. The 95% CI for R2 was estimated using a

1000-bootstrap procedure. All analyses were performed using the

“meta” R package, and P values < 0.05 were taken to indicate statisti-

cal significance.

3 | RESULTS

3.1 | Individual trials characteristics

Of 1026 trials retrieved from MEDLINE, we excluded 997 trials that

did not meet the inclusion criteria. By assessing the 29 full-text trials,

we excluded 12 that measured major cardiovascular events without

kidney outcomes, and five that assessed the effects of other treat-

ment on kidney and cardiovascular outcomes (three for selective min-

eralocorticoid receptor antagonists and two for DPP-4 inhibitors).

Therefore, a total of 12 trials fulfilled the prespecified criteria

(Figure S1), with low risk of bias (Figure S2), comprising a total of

104 987 patients with T2D.11,14-25 Eight studies used a noninferiority

design with switching to superiority, two exclusively evaluated nonin-

feriority, and two exclusively evaluated superiority. All trials, except

CREDENCE23 and LEADER (secondary analysis),15 used a three-point

composite cardiovascular event as the primary outcome. The CKO

comprised end-stage renal disease in all trials, except for the ELIXA

trial,11 which used new-onset macroalbuminuria, death from renal

causes in seven trials, decline in kidney function defined as a decrease

in eGFR above a certain threshold (≥ 30% in one trial, ≥ 40% in four

trials, and ≥ 50% in one trial). The glucose-lowering drugs that were

evaluated against placebo comprised six SGLT2 inhibitors and six

GLP-1RAs.

Patient characteristics at baseline were: age 60 to 69 years;

HbA1c 7.2% to 8.9%, eGFR 44.4 to 85.3 mL/min per 1.73 m2 and his-

tory of heart failure 10.1% to 31.5%, and all patients included in the

VERTIS CV, ELIXA and EMPA-REG OUTCOME trials had baseline

CVD (Table 1). During a median follow-up of 3 years, 7614 patients

died, of whom 63% died from cardiovascular causes; 11 712 patients

experienced a MACE-3 outcome, the CKO occurred in 4768 patients,

hospital admission for heart failure in 3823 patients, fatal or nonfatal

myocardial infarctions in 5493 patients, and fatal or non-fatal stroke

in 2962 patients. In the SCORED trial, a benefit with regard to

MACE-3 was observed without any CKO benefit, while a benefit was

observed with regard to CKO without any MACE-3 benefit in the

DECLARE-TMI 58 trial.21
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3.2 | Differences in treatment effect size between
MACE-3 and CKO

Under the assumption of no dependency between the two cardiac

and renal outcomes (ρ = 0), treatment effect sizes, on average, were

17% greater for the CKO than for MACE-3 (pooled rHR 0.83, 95% CI

0.74 to 0.92), with moderate heterogeneity across trials (I2 = 50%;

P = 0.03; τ2 = 0.0161; Figure 1). In sensitivity analyses, we found

consistent results testing different levels of correlation (ρ = 0.05 to

0.95) in treatment effect estimates between CKO and MACE-3

(Figure S3). For secondary outcomes, on average, treatment effect

sizes were 22% (rHR 0.78; 95% CI 0.69 to 0.87) greater with CKO

than with myocardial infarction, with low heterogeneity across trials

(I2 = 16%; P = .30; τ2 = 0.0088). The corresponding treatment effect

sizes were 21% (rHR 0.79, 95% CI 0.65 to 0.97; I2 = 69%; P = 0.04;

τ2 = 0.0636), 16% (rHR 0.84, 95% CI 0.75 to 0.95; I2 = 42%;

P = 0.06; τ2 = 0.0179), and 9% (rHR 0.91, 95% CI 0.83 to 0.99;

I2 = 0%; P = 0.54; τ2 < 0.0001) greater with CKO than with strokes,

death from cardiovascular cause, and hospitalization for heart disease,

respectively (Figure S4). In addition, we found that treatment effect

sizes were 17% (rHR 0.83, 95% CI 0.74 to 0.93) greater with CKO

than with all-cause mortality, with moderate heterogeneity across tri-

als (I2 = 47%; P = 0.03; τ2 = 0.0174). For the rAD, we found that

death from cardiovascular cause was 5.5 times greater than CKO (rAD

5.53, 95% CI 0.70 to 10.37) with a higher heterogeneity across trials

(I2 = 100%; P < 0.001; τ2 = 72.96), while the ADs were similar

between CKO and the remaining cardiovascular events, hospitaliza-

tion for heart failure and all-cause mortality (Figure S5).

3.3 | Subgroup analyses

In subgroup analyses stratified by study characteristics, there were

large differences in treatment effect estimates between CKO and

MACE-3 for trials of SGLT2 inhibitors (rHR 0.72, 95% CI 0.62 to

0.84; I2 = 33%) compared with GLP-1RAs (rHR 0.93, 95% CI 0.85

to 1.01; I2 = 0%), with a statistically significant interaction test

(P < 0.01; Figure 2). Stratified by specific SGLT2 inhibitors, differ-

ences were greater for trials of dapagliflozin (rHR 0.57, 95% CI

0.45 to 0.72), empagliflozin (rHR 0.63, 95% CI 0.44 to 0.89) and

canagliflozin (rHR 0.79, 95% CI 0.63 to 0.98) than for sotagliflozin

(rHR 0.96, 95% CI 0.61 to 1.52). In addition, differences seemed

greater for trials that included a run-in period (rHR 0.78, 95% CI

0.68 to 0.90) than those which did not (rHR 0.93, 95% CI 0.82 to

1.05), with a trend towards significance in the interaction test

(P = 0.07). No clear differences by follow-up duration were found:

the rHR was 0.81 (95% CI 0.68 to 0.97) for trials with a median

length of follow-up of more than 3 years and 0.83 (95% CI, 0.73 to

0.93) for follow-up duration of less than 3 years (interaction test

P = 0.87). We did not find any significant differences by sample

size, outcome status or trial design (Figure 2).

On stratification by specific patient baseline characteristics,

despite the absence of a significant interaction test, differences

in treatment effect estimates between CKO and MACE-3

seemed greater for patients with a higher CVD (rHR 0.78, 95%

CI 0.66 to 0.92; I2 = 0%), those with a lower frequency of his-

tory of heart failure (rHR 0.79, 95% CI 0.67 to 0.92; I2 = 66%),

and those with moderate kidney function (eGFR > 60 mL/min

F IGURE 1 Ratios of hazard ratios (rHRs) for the composite kidney outcome (CKO) and major adverse cardiovascular events (MACE-3) for 12
trials. An rHR <1.0 indicates greater treatment effect size for CKO than for MACE-3. REWIND, Researching Cardiovascular Event with a Weekly
Incretin in Diabetes; ELIXA, Evaluation of Lixisenatide in Acute Coronary Syndrome; LEADER, Liraglutide Effect and Action in Diabetes:
Evaluation of Cardiovascular Outcome Results; SUSTAIN-6, Trial to Evaluate Cardiovascular and Other Long-term Outcomes with Semaglutide in
Subjects with Type 2 Diabetes; EXSCEL, Exenatide Study of Cardiovascular Event Lowering; EMPLITUDE-O, Effect of Efpeglenatide on
Cardiovascular Outcomes in Type 2 Diabetes Patients at High Cardiovascular Risk; DECLARE-TIMI 58, Dapagliflozin Effect on Cardiovascular
Events-Thrombolysis in Myocardial Infarction 58; SCORED, Effect of Sotagliflozin on Cardiovascular and Renal Events in Patients with Type 2
Diabetes and Moderate Renal Impairment Who Are at Cardiovascular Risk; VERTIS CV, Evaluation of Ertugliflozin Efficacy and Safety

Cardiovascular Outcomes Trial; CANVAS, Canagliflozin Cardiovascular Assessment Study; CREDENCE, Canagliflozin and Renal Events in
Diabetes with Established Nephropathy Clinical Evaluation; EMPA-REG OUTCOME, Empagliflozin Cardiovascular Outcome Event Trial in Type 2
Diabetes Mellitus Patients
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per 1.73 m2; rHR 0.82, 95% CI 0.73 to 0.92; I2 = 58%). For

each of these subgroups of very-high-risk patients, we also

assessed the differences in treatment effect with regard to car-

diorenal protection (Figure S6). Among patients with moderate

kidney function (eGFR > 60 mL/min per 1.73 m2), difference

were greater great for trials of SGLT2 inhibitors (rHR 0.67, 95%

CI 0.57 to 0.80; I2 = 30%) compared with GLP-1RAs (rHR 0.93,

95% CI 0.85 to 1.01; I2 = 0%), with a statistically significant

interaction test (P = 0.010). In trials in which all patients had

established CVD at inclusion, the difference seemed to be in

favour of SGLT2 inhibitors (rHR 0.74, 95% CI 0.56 to 0.97;

I2 = 36%), while for trials in which more than 20% of patients

had established heart failure, the differences were similar

between SGLT2 inhibitors (rHR 0.86, 95% CI 0.67 to 1.09;

I2 = 0%) and GLP-1RAs (rHR 0.92; 95% CI 0.82 to 1.04;

I2 = 0%). In analyses by weight, systolic blood pressure and

HbA1c, no additional clear differences were found (Figure 2).

3.4 | Meta-regression: Association between CKO
and MACE-3

Figure S7 shows the correlation of treatment effect between MACE-3

and CKO. Overall, we found a nonsignificant moderate correlation

between MACE-3 and CKO estimated by the Spearman correlation

coefficient (n = 12; ρ = 0.40; P = 0.21). According to the coefficient

of determination (R2) at trial level in the weighted meta-regression

model, only 11% (95% CI 1% to 54%) of the variability in the MACE-3

effect could be explained by the variability in the CKO effect. The

slope of the regression line was positive at 0.20 (P = 0.295).

4 | DISCUSSION

In patients with T2D at highest risk of CVD or with established CVD,

we found that treatment effect size was 17% greater for the

F IGURE 2 Subgroup analyses comparing
treatment effect sizes between composite kidney
outcome (CKO) and major adverse cardiovascular
events (MACE-3) by trials and patients'
characteristics. Ratio of hazard ratio (rHR) <1.0
indicates greater treatment effect size for CKO
than for MACE-3. For age, body mass index
(BMI), glycated haemoglobin (HbA1c), duration of
diabetes, duration of follow-up, and sample size,

cutoff values are median. CVD, cardiovascular
disease; eGFR, estimated glomerular filtration
rate; GLP-1RA, glucagon-like peptide-1 receptor
agonist; SGLT2, sodium-glucose cotransporter-2
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composite renal outcome than for major cardiovascular outcomes,

with a greater difference for SGLT2 inhibitors than for GLP-1RAs, and

a trend for trials that used run-in period design. This difference was

largely driven by gliflozin whose effect on renal events was 28%

greater than its effect on major cardiovascular events, whereas GLP-

1RAs had a similar effect on major renal and cardiovascular events.

The greater effect benefits of glucose-lowering drugs on compos-

ite renal compared with major cardiovascular outcomes was consis-

tent for each of the MACE-3 components as well as for hospital

admission for heart failure, and all-cause mortality.

Cardiovascular outcome trials and meta-analyses of these have

demonstrated that SGLT2 inhibitors and GLP-1RAs are protective

against cardiorenal events and mortality.6,8 More importantly, evi-

dence from large observational real-world studies confirmed these

cardiorenal benefits.26-29 The PRECARE study confirms the beneficial

effects of dapagliflozin 10 mg per day for 24 weeks on cardiorenal

events in 1402 patients with T2D.26 Moreover, data from routine clin-

ical practice evaluating the effectiveness and safety of 1.5 mg dulaglu-

tide once weekly for 12 months also confirms the beneficial effects

on both clinical and laboratory outcomes in 626 patients with uncon-

trolled T2D.27 In addition to this existing evidence, our study provides

three important messages. First, we provide the evidence that in car-

diovascular outcome trials, the protection against composite renal

events afforded by the newer antiglycaemic drugs was significantly

greater than that against major cardiovascular events. For example, in

patients with T2D, regardless of their history of cardiovascular or

renal diseases, the addition of SGLT2 inhibitors or GLP-1RAs to the

standard care provides 17 times greater protection against composite

renal outcomes than for major cardiovascular events. Second, protec-

tion against composite renal events was 28 times greater with SGLT2

inhibitors than with GLP-1RAs. These findings have relevant impact

on the clinical practice management of T2D patients with established

CVD or severe kidney impairment, or patients with heart failure with

or without preserved systolic ejection fraction, as to date, no head-to-

head comparison of RCTs has been conducted to evaluate the superi-

ority of gliflozin compared with GLP-1RAs. Third, among SGLT2

inhibitors, when compared with sotagliflozin, the amount of protection

against renal events was 43 times greater with dapagliflozin, 37 times

greater with canagliflozin, and 21 times greater with empagliflozin.

Quantifying the magnitude of the treatment effect in a particular

clinical setting such as in T2D patients with established CVD could

help refine recommendations regarding the appropriate therapeutic

strategy to adopt especially in the absence of clear evidence. This rHR

can be seen as a metric to quantify this treatment effect size and may

be used to guide treatment strategy. In our study, the rHR quantifies

this importance for SGLT2 inhibitors with regard to renal outcomes

compared to major cardiovascular events and could help clinicians in

their current practice to better choose the type of molecule according

to its impact on the type of cardiac or renal protection targeted. How-

ever, the rAD was similar between composite renal outcome and car-

diovascular outcome except for death from cardiovascular causes.

The relatively short follow-up in these studies ranging from 1.33 to

5.4 years could explain this lack of difference for the absolute risk

ratio. Nevertheless, correlation between treatment effect for CKO

and MACE-3 was moderate and nonsignificant, with only 11% of the

variability in the MACE-3 effect explained by the variability in the

CKO effect, suggesting independence between cardiorenal outcomes.

This variability in the proportion of variance explained between

MACE-3 and CKO supports the complexity of mechanisms involved

in cardiorenal protection of SGLT2 inhibitors and GLP-1RAs.

The present study has some strengths. First, to the best of our

knowledge, this is the first study to quantify the magnitude of treat-

ment effects in patients with T2D at highest risk of cardiovascular or

established CVD. Second, these new results show that the treatment

effects on CKO and MACE-3 outcomes are independent, with only

11% of the variability in one being explained by the other, suggesting

the need for further investigation to explore the mechanism involved

in cardiorenal protection.

The study also has some limitations. First, high heterogeneity was

observed for differences in treatment effect between MACE-3 or

stroke and CKO. Participant characteristics, study design, and pres-

ence of advanced CKD stage and history of CVD at inclusion could

explain this heterogeneity, with caution required in the interpretation

of these findings. Second, the absence of patient-level data limits the

possibility to explore the possible source of heterogeneity and to

enable a rigorous surrogacy investigation. Third, the definitions of

renal outcomes were not consistent across studies, and there was an

absence of adjudication of renal outcomes which contributes to this

heterogeneity. Finally, because of our limited sample, we were unable

to stratify analyses by precise categories of baseline blood pressure,

history of established CVD or heart failure, HbA1c level and duration

of follow-up.

This study has several implications for further trials. First, we have

identified patterns of patients who will obtain greater renal benefits

than reduction of MACE-3 when SGLT2 inhibitors or GLP-1RAs are

added to the standard of care, namely, patients with history of estab-

lished CVD, or history of heart failure as well as those with impaired

renal function. In addition, in trials in which patients had moderate

kidney function or in which patients had established CVD at inclusion,

the difference in treatment effect was in favour of SGLT2 inhibitors

over GLP-1RAs, while for trials in which more than 20% of patients

had established heart failure, the difference was similar between

SGLT2 inhibitors and GLP-1RAs, supporting the January 2022 (Stan-

dards of medical care in diabetes - 2022; American Diabetes Associa-

tion; Volume 45, Supplement 1) American Diabetes Association

recommendation. However, head-to-head comparisons of data from

RCTs are needed to drive clear evidence. Second, the benefit of treat-

ment with regard to cardiorenal outcomes appears to differ according

to study design, especially studies that used a run-in period to select

more adherent patients. This run-in period contributes to a decrease

in external validity by reducing the generalizability of the results to

the entire target population. Third, we found that MACE-3 and CKO

are independent, thereafter, further trials should include and report

results of both endpoints.

In conclusion, this study shows that, in patients with T2D at high

cardiovascular risk or established CVD, treatment effect sizes were
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greater for CKO than for MACE-3 outcomes, with important differ-

ences with regard to trial design and some drugs. CKO and MACE-3

were independent, and relationships varied according to the drug con-

sidered. To optimize the design of future clinical trials, caution must

be taken when interpreting MACE-3 in the absence of CKO data. Fur-

thermore, pooled individual patient data are needed to support our

conclusions.
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