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Abstract 

Background   

Sodium glucose cotransporter 2 inhibitors (SGLT2i) and glucagon-like peptide-1 receptor 

agonists (GLP-1RA) both improve cardiovascular and kidney outcomes in patients with type 

2 diabetes. We sought to evaluate whether the benefits of SGLT2i are consistent in patients 

receiving and not receiving GLP-1RA.   

Methods  

We conducted a collaborative meta-analysis of trials included in the SGLT2 Inhibitor Meta-

Analysis Cardio-Renal Trialists’ Consortium, restricted to participants with diabetes. 

Treatment effects from individual trials were obtained from Cox regression models and 

pooled using inverse variance weighted meta-analysis. Outcomes assessed included major 

adverse cardiovascular events ([MACE] myocardial infarction, stroke or cardiovascular 

death), hospitalisation for heart failure (HF) or cardiovascular death, CKD progression 

(≥40% decline in estimated glomerular filtration rate [eGFR], kidney failure or death due to 

kidney failure), as well as safety outcomes. 

Results  

Across 12 randomised, double-blind, placebo-controlled trials, 3,065/72,970 (4.0%) 

participants with diabetes were using GLP-1RA at baseline. SGLT2i reduced the risk of 

MACE in participants receiving and not receiving GLP-1RA (hazard ratio [HR] 0.81, 95% CI 

0.63-1.03 and HR 0.90, 95% CI 0.86-0.94, respectively; P-heterogeneity=0.31). Effects on 

hospitalisation for HF or cardiovascular death (HR 0.76, 95% CI 0.57-1.01 and HR 0.78, 

95% CI 0.74-0.82, respectively; P-heterogeneity=0.90) and CKD progression (HR 0.65, 95% 

CI 0.46-0.94 and HR 0.67, 95% CI 0.62-0.72, respectively; P-heterogeneity=0.81) were also 

consistent regardless of GLP-1RA use. Fewer serious adverse events occurred with SGLT2i 
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compared with placebo, irrespective of GLP-1RA use (relative risk [RR] 0.87, 95% CI 0.79-

0.96 and RR 0.91, 95% CI 0.89-0.93; P-heterogeneity=0.41). 

Interpretation  

The effects of SGLT2i on cardiovascular and kidney outcomes are similar regardless of 

background use of GLP-1RA. These findings suggest independent effects of these evidence-

based therapies and support clinical practice guidelines recommending the use of both these 

agents in combination to optimise cardiovascular and kidney metabolic outcomes. 

Funding 

National Health and Medical Research Council of Australia and the Ramaciotti Foundation. 
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RESEARCH IN CONTEXT 

Evidence before this study 

Multiple large-scale randomised trials have demonstrated that sodium glucose cotransporter 2 

inhibitors (SGLT2i) and glucagon-like peptide-1 receptor agonists (GLP-1RA) reduce the 

risk of cardiovascular events and improve chronic kidney disease (CKD) outcomes in patients 

with type 2 diabetes. Given the different mechanisms of action of these two classes of agents 

as well as key differences in their effects on a myriad of intermediates of cardiovascular and 

kidney risk (e.g. substantially greater effects on glycemia and body weight with GLP-1RA 

compared to SGLT2i), there has been considerable interest in using both SGLT2i and GLP-

1RA in combination to reduce cardio-kidney-metabolic risk. Indeed, small, randomised trials 

of relatively short duration indicate that the combined use of SGLT2i and GLP-1RA 

improves cardiometabolic risk factors to a greater extent than either alone. However, there 

are few data on clinical outcomes. Because the event-driven randomised trials of each class 

of agents were conducted before the benefit of either was confirmed, background use of 

GLP-1RA in SGLT2i trials was too infrequent in any single trial to evaluate the effects of 

SGLT2i in patients receiving and not receiving GLP-1RA. To address this evidence gap, we 

conducted a collaborative meta-analysis of SGLT2i randomised, double-blind, placebo-

controlled, event-driven outcome trials within the SGLT2 Inhibitor Meta-Analysis Cardio-

Renal Trialists’ Consortium. We aimed to assess the effects of SGLT2i on cardiovascular, 

kidney and safety outcomes in patients with diabetes receiving and not receiving GLP-1RA at 

baseline. 

 

Added value of this study 

With 72,970 participants with diabetes from 12 large-scale randomised trials, including 3,065 

receiving GLP-1RA at baseline, this collaborative meta-analysis represents the largest and 
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most comprehensive assessment of the effects of SGLT2i on cardiovascular, kidney and 

safety outcomes in people with diabetes receiving and not receiving GLP-1RA.  

 

Compared with placebo, SGLT2i reduced the risk of major adverse cardiovascular events 

(myocardial infarction, stroke or cardiovascular death) by 11% and hospitalisation for HF or 

cardiovascular death by 23%, with consistent effects regardless of GLP-1RA use at baseline. 

SGLT2i also reduced the risk of CKD progression (defined as ≥40% decline in eGFR, kidney 

failure or death due to kidney failure) by 33% and attenuated the annual rate of decline in 

kidney function, irrespective of GLP-1RA use at baseline. The effect of SGLT2i on key 

safety outcomes including serious adverse events, hypoglycaemia and volume depletion did 

not differ by baseline use of GLP-1RA (all P-heterogeneity>0.10). 

 

Implications of all the available evidence 

Pooled subgroup data from the totality of the worldwide large-scale placebo-controlled 

SGLT2i trials suggest the effects of SGLT2i on cardiovascular, kidney and safety outcomes 

are likely to be similar in the types of patients prescribed a GLP-1RA and those not, 

irrespective of indication for use of the SGLT2i.
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Introduction 

Sodium glucose cotransporter 2 inhibitors (SGLT2i) reduce the risk of kidney failure, 

cardiovascular events, and death in patients with diabetes and those with heart failure (HF) or 

CKD, regardless of diabetes.
1
 Consequently, consensus statements from professional 

diabetes, kidney and cardiovascular organisations recommend that SGLT2i be routinely 

offered to patients with type 2 diabetes with or at high risk of atherosclerotic cardiovascular 

disease (ASCVD), HF, or CKD.
2-4

 Results from multiple large-scale randomised trials have 

also shown that glucagon-like peptide-1 receptor agonists (GLP-1RA) reduce the risk of 

cardiovascular events in people with type 2 diabetes.
5
 Therefore, prevailing type 2 diabetes 

treatment guidelines and society recommendations endorse an SGLT2i and/or GLP-1RA, 

independent of glycated haemoglobin considerations, for individuals with type 2 diabetes 

with or at high risk of ASCVD.
6
  

 

The distinct mechanisms of action of these two classes of agents, their myriad of effects on 

intermediate markers of cardiometabolic risk that differ between the classes, and the different 

types of events prevented have led to considerable interest in using SGLT2i and GLP-1RA in 

combination to further reduce cardiorenal risk. For example, while SGLT2i have substantial 

benefits on incident or worsening HF and CKD progression, GLP-1RA may yield greater 

reductions in myocardial infarction and stroke.
7
 Guidelines therefore recognise the potential 

benefits of the combined use of both classes of agents.
8
 

 

Since clinical trials of SGLT2i and GLP-1RA were conducted during approximately the same 

time period before the benefits of either therapy had been confirmed, relatively few 

participants in SGLT2i outcome trials were receiving a GLP-1RA. As a result, individual 

trials did not have sufficient power to examine the effects of SGLT2i on clinical outcomes in 
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patients receiving or not receiving GLP-1RA. Accordingly, we conducted a meta-analysis of 

12 completed trials enrolling patients with diabetes with or at high risk of ASCVD, HF or 

CKD to examine and compare the efficacy and safety of SGLT2i with and without use of 

GLP-1RA at baseline in patients with diabetes.  

 

Methods 

The SGLT2 Inhibitor Meta-Analysis Cardio-Renal Trialists’ Consortium (SMART-C) 

comprises the completed randomised, double-blind, placebo-controlled, event-driven trials 

that assessed the effects of an SGLT2i (including SGLT1/2i) on a primary clinical outcome in 

adults (aged ≥18 years), restricted to trials with more than 500 participants in each arm and 

follow-up of at least 6 months. SMART-C is led by an academic steering committee featuring 

key representatives from each of the collaborating trials. Analyses of interest are conducted 

independently within each trial dataset by the relevant statistical team using individual 

participant data, with results pooled across trials using two-stage meta-analysis. 

 

Within the SMART-C framework, we conducted a collaborative meta-analysis using data 

from trials participating in SMART-C that enrolled patients with diabetes with or at high risk 

for ASCVD, HF or CKD. These trials were identified through previously published SMART-

C systematic reviews and meta-analyses.
1,9

  

 

Included trials 

The present meta-analysis included 12 trials participating in SMART-C with the analysis 

cohort restricted to trials exclusively enrolling participants diabetes and participants with 

diabetes enrolled in the HF and CKD trials: EMPA-REG OUTCOME ,
10

 the CANVAS 

Program,
11

 DECLARE-TIMI 58,
12

 VERTIS-CV,
13

 CREDENCE,
14

 DAPA-CKD,
15
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SCORED,
16

 EMPA-KIDNEY,
17

 DAPA-HF,
18

 EMPEROR-Reduced,
19

 EMPEROR-

Preserved,
20

 and DELIVER.
21

 All trials excluded participants with type 1 diabetes except for 

EMPA-KIDNEY, which included 68 of these individuals. We excluded SOLOIST-WHF 

from this meta-analysis as this trial recruited participants with recent acute decompensated 

HF followed for a short duration that precluded the assessment of effects on CKD 

progression.
22

 All trials were approved by relevant ethics committees, and all participants 

provided written informed consent for research participation. 

 

Outcomes 

The main cardiovascular outcomes assessed were (1) major adverse cardiovascular events, 

defined as a composite of nonfatal myocardial infarction, nonfatal stroke or cardiovascular 

death; and (2) hospitalisation for HF or cardiovascular death. Kidney outcomes assessed 

included (1) a composite kidney outcome using a standardised definition of percentage 

decline in eGFR and kidney failure across the trials: ≥40% decline in estimated glomerular 

filtration rate (eGFR), kidney failure (eGFR<15 mL/min/1.73m
2
, chronic dialysis or kidney 

transplantation), or death due to kidney failure; and (2) rate of change in eGFR over time 

(eGFR slope), both total (calculated from the randomisation visit) and chronic (from the first 

on-treatment eGFR measurement after randomisation).  

 

All cardiovascular outcomes were adjudicated by expert blinded adjudication committees. 

We evaluated safety outcomes that could be affected by combination treatment with SGLT2i 

and GLP-1RA: any serious adverse event, adverse events due to hypoglycaemia, or adverse 

events due to volume depletion. Because adverse event reporting differed across the trials 

(i.e. some trials collected serious and non-serious adverse events, whilst others only collected 

serious events), we primarily focused on serious adverse events, since this outcome was 
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available in all trials using common serious adverse event criteria for reporting, but also 

assessed investigator-reported hypoglycaemia and volume depletion as reported in each trial 

individually.  

 

Data analysis 

We undertook a two-stage meta-analysis using harmonised analytical approaches and 

endpoint definitions across the individual trials as previously described. Investigators from 

each trial analysed treatment effects and safety events within each trial using individual 

participant data. In trials that included patients with and without diabetes, analyses were 

restricted to patients with diabetes, since GLP-1RA were only indicated for use in these 

individuals at the time the trials were conducted. We compared characteristics of participants 

receiving and not receiving GLP-1RA at baseline across the three studied populations 

(diabetes with or at high risk for ASCVD, HF, and CKD). We calculated pooled weighted 

mean and standard deviations for continuous variables using the weighted inverse variance 

method and pooled categorical variables across trials by treatment allocation and baseline 

GLP-1RA use. 

 

Treatment effects on efficacy outcomes by baseline use of GLP-1RA in each trial were 

obtained from Cox regression models expressed as hazard ratios (HR) with corresponding 

95% confidence intervals (CI), with covariate stratification as prespecified in individual trials 

and without adjustment for differences in characteristics by baseline GLP-1RA use. For 

safety outcomes, we obtained HR and 95% CI or used risk ratios based on the number of 

participants experiencing an event where time-to-event data were not available. Summary 

effect estimates, overall and stratified by trial population and baseline GLP-1RA use, were 

obtained by pooling log-transformed hazard and risk ratios using inverse-variance weighted 
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averages. Heterogeneity of treatment effects by baseline use of GLP-1RA was then assessed 

using p values for heterogeneity obtained from random-effects meta-regression with 

restricted maximum likelihood. 

 

A two-slope mixed effects linear spline model with unstructured covariance matrix was used 

for analyses of eGFR slope.
14,15,17

 Chronic and total eGFR slope were defined based on this 

two-slope model, with a knot generally placed at the first post-randomisation eGFR value in 

each trial, typically within the first 8 weeks after randomisation. eGFR slope analyses were 

restricted to on-treatment eGFR values because of the increase in eGFR after SGLT2i 

discontinuation that could theoretically affect eGFR slope estimates. Models included two-

way and three-way interaction terms between randomised treatment, GLP-1RA use, and two-

slope linear spline in follow-up time to account for differences between GLP-1RA subgroups 

in the effect of the treatment on the mean eGFR trajectories. The modelled estimates of total 

and chronic GFR slope, expressed as the annual rate of change in eGFR 

(mL/min/1.73m
2
/year) were then meta-analysed across all trials using the same approach as 

described above. All trial-level meta-analyses were performed with R version 4.3.1 (R-

project, Vienna, Austria). 

 

Results 

We included participants from 12 randomised trials of whom 72,970/89,183 (81.8%) had 

diabetes. Details of these 12 trials are summarised in Table S1, appendix p2. Among the 

72,970 participants with diabetes, 3,065 (4.0%) were using GLP-1RA at baseline. GLP-1RA 

use varied across all trials with a range of 2.8% to 4.4% in the ASCVD trials, 4.2% to 6.0% 

in the HF trials, and 1.0% to 2.2% in the CKD progression trials (Table S1, appendix p2). 

Across the studied populations, characteristics of participants receiving and not receiving 



12 

 

GLP-1RA were similar in many aspects (Table 1). However, those receiving GLP-1RA were 

typically more likely to be male, have a higher body mass index, and be receiving insulin 

(Table 1).  

 

Across all 12 trials, 7,187 (9.8%) participants experienced a MACE event, including 268 

(8.7%) and 6,919 (9.9%) who were receiving a GLP-1RA at baseline, respectively. The 

incidence of MACE was highest in the HF trials, driven by cardiovascular death (Figure 1). 

The effect of SGLT2i on MACE (HR 0.89, 95% CI 0.85-0.94) was consistent in participants 

receiving and not receiving a GLP-1RA (HR 0.81, 95% CI 0.63-1.03 and HR 0.90, 95% CI 

0.86-0.94, respectively; P-heterogeneity=0.31; Figure 1).  

 

Overall, 6,260 (8.6%) participants were hospitalised for HF or died due to cardiovascular 

disease, of whom 211 (6.9%) and 6,049 (8.6%) were receiving and not receiving a GLP-1RA 

at baseline, respectively. The incidence of hospitalisation for HF or cardiovascular death was 

highest in the HF trials (Figure 2). The effect of SGLT2i on hospitalisation for HF or 

cardiovascular death (HR 0.77, 95% CI 0.74-0.81) was consistent in participants receiving 

GLP-1RA (HR 0.76, 95% CI 0.57-1.01) and those not receiving GLP-1RA (HR 0.78, 95% CI 

0.74-0.82) (P-heterogeneity 0.90; Figure 2). The effect of SGLT2i on hospitalisation for HF 

was similarly consistent regardless of GLP-1RA use at baseline (HR 0.73, 95% CI 0.50-1.06 

and HR 0.70, 95% CI 0.65-0.75, respectively; P-heterogeneity=0.83; Figure 2) as was the 

effect on cardiovascular death (HR 0.77, 95% CI 0.50-1.20 and HR 0.86, 95% CI 0.81-0.92, 

respectively; P-heterogeneity=0.62; Figure 2). 

 

The incidence of the composite kidney outcome was highest in the CKD trials, with 3,294 

(4.5%) participants experiencing CKD progression, including 130 (4.4%) and 3,164 (4.5%) 
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who were receiving and not receiving a GLP-1RA at baseline, respectively (Figure 3). 

SGLT2i reduced the risk of CKD progression (HR 0.67, 95% CI 0.62-0.72) in participants 

receiving and not receiving GLP-1RA (HR 0.65, 95% CI 0.46-0.94 and HR 0.67, 95% CI 

0.62-0.72, respectively; P-heterogeneity=0.81; Figure 3).  

 

The consistent benefits of SGLT2i on clinical outcomes in participants being prescribed or 

not being prescribed a GLP-1 RA at baseline were observed across the studied populations. 

Participants with type 1 diabetes comprised less than 0.1% of the no GLP-1RA subgroup, 

with none receiving GLP-1RA at baseline. As a result, treatment effects estimates were 

identical excluding these individuals. Treatment effects on cardiovascular and kidney 

outcomes by individual trial are summarised in Tables S2-4, appendix p3-6.. 

 

SGLT2i attenuated the annual rate of decline in eGFR as measured by chronic and total 

eGFR slope, regardless of baseline GLP-1RA use (Figure 4). Chronic eGFR slope was 

improved by 1.32 [95% CI 0.98 to 1.66] mL/min/1.73m
2
/year in participants receiving GLP-

1RA and by 1.21 [95% CI 1.14 to 1.28] mL/min/1.73m
2
/year) in participants not receiving 

GLP-1RA at baseline (P-heterogeneity=0.55; Figure 4). In relative terms, this corresponded 

to a 57% (95% CI 54-60) improvement in chronic slope, which was observed similarly in 

participants receiving and not receiving GLP-1RA at baseline (60% [95% CI 45-76] and 57% 

[95% CI 53-60], respectively; P-heterogeneity=0.43; Figure 4). Similar results were 

observed for total eGFR slope in participants receiving and not receiving GLP-1RA at 

baseline (absolute difference 0.67 [95% CI 0.41 to 0.94] mL/min/1.73m
2
/year and 0.66 [95% 

CI 0.61 to 0.71] mL/min/1.73m
2
/year, respectively; P-heterogeneity=0.92; Figure 4). This 

translated into a 30% (95% CI 28-32) relative improvement in total slope overall, which was 

again observed regardless of baseline GLP-1RA use (32% [95% CI 19-44] and 30% [95% CI 
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28-32], respectively; P-heterogeneity=0.82; Figure 4). Treatment effects on eGFR slope in 

individual trials are summarised in Table S5, appendix p7-8. 

 

A total of 5,822 (8.0%) participants died during follow up, of whom 160 (5.3%) and 5,662 

(8.1%) were receiving and not receiving GLP-1RA at baseline, respectively. The effect of 

SGLT2i on all-cause mortality (HR 0.89, 95% CI 0.84-0.93) was consistent regardless of 

GLP-1RA use at baseline (HR 0.82, 95% CI 0.60-1.13 and HR 0.89, 95% CI 0.84-0.94, 

respectively; P-heterogeneity=0.63; Figure 5). 

 

Fewer serious adverse events were observed with SGLT2i compared with placebo, regardless 

of GLP-1RA use at baseline (RR 0.87, 95% CI 0.79-0.96 and RR 0.91, 95% CI 0.89-0.93; P-

heterogeneity=0.41; Figure 5). Overall, SGLT2i did not increase the risk of hypoglycaemia 

(RR 0.96; 95% CI 0.88-1.04), a lack of effect that was consistent by baseline use of GLP-

1RA (P-heterogeneity=0.13). SGLT2i increased the risk of volume depletion (RR 1.21, 95% 

CI 1.10-1.32), an effect which was also consistent irrespective of GLP-1RA use (P-

heterogeneity=0.55). Treatment effects on safety outcomes by individual trial are summarised 

in Table S6, appendix p9. 

 

Discussion 

This collaborative meta-analysis of 12 large placebo-controlled outcome trials of SGLT2i 

involving more than 70,000 participants with diabetes, of whom more than 3,000 were 

receiving a GLP-1RA at baseline, represents the largest and most comprehensive evaluation 

of the effects of SGLT2i on clinical outcomes, with and without GLP-1RA use. The smaller 

proportion of participants receiving GLP-1RA at baseline is reflected in the wider confidence 

intervals for treatment effects in this subgroup. Notwithstanding the greater imprecision, the 
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data (including GFR slope) clearly indicate that reductions in cardiovascular, kidney and 

mortality outcomes with SGLT2i are consistent regardless of GLP-1RA use at baseline. 

Additionally, the safety and tolerability of SGLT2i appeared consistent in those receiving and 

not receiving a GLP-1RA. These data provide support for the combined use of SGLT2i and 

GLP-1RA to optimise cardiovascular and kidney outcomes for patients with type 2 diabetes.  

 

Contemporary guidelines and society consensus recommendations recognise the benefits of 

combination treatment with SGLT2i and GLP-1RA.
2,3,6

 At the same time, the rationale for 

their combined use has been largely based on their different mechanisms of action and greater 

benefits observed on cardiometabolic risk factors observed in small trials of relatively short 

duration, although results have not always been consistent.
23-26

 Our findings are consistent 

with current clinical practice guideline from major diabetes, cardiovascular and nephrology 

organisations recommending the preferential use of both SGLT2i and GLP-1RA in people 

with type 2 diabetes having an indication for each therapy.  

 

The consistency of SGLT2i treatment effects by baseline GLP-1RA use across the studied 

populations is of considerable importance, given the rapidly expanding cardiovascular 

indications for GLP-1RA therapy, including in people without diabetes. The SELECT and 

STEP-HF trials reported that the GLP-1RA semaglutide reduces cardiovascular events in 

individuals with obesity and established cardiovascular disease and improves functional 

status in patients with HF without diabetes, respectively.
27,28

 Thus, combined use of SGLT2i 

and GLP-1RA across the spectrum of cardio-kidney-metabolic diseases is likely to increase 

substantially. Clinicians and patients may therefore be reassured by the finding that SGLT2i 

appear generally well tolerated in patients receiving and not receiving GLP-1RA across a 

broad population of underlying cardio-kidney-metabolic diseases.  
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The cardiovascular and kidney protective effects of SGLT2i and GLP-1RA are likely be 

explained through distinct mechanistic pathways. Both classes of agents reduce 

cardiometabolic risk factors such as glycated haemoglobin, body weight, blood pressure, and 

albuminuria, although the effects of GLP-1RA on glycemia and body weight are substantially 

greater than SGLT2i. However, these effects are unlikely to fully explain the magnitude of 

benefit observed on clinical outcomes for either class.
29,30

 While SGLT2i reduce measures of 

glomerular pressure which may contribute to their kidney protective effects,
31,32

 effects on 

tubular energy expenditure, nutrient deprivation signalling, autophagy and inflammation are 

also likely to be important.
33

 In contrast, GLP-1RA act to stabilise atherosclerotic plaques as 

shown in various experimental and clinical studies, and suppresses pro-inflammatory and 

pro-fibrotic pathways, with the latter potentially contributing to kidney benefits.
34

 Thus these 

two classes of agents have distinct domains, clinically and biologically, such that the 

beneficial cardiovascular and kidney effects are likely to be complementary. 

 

The clear and separate benefit of SGLT2i on the composite kidney endpoint in patients 

receiving and not receiving GLP-1RA is of particular relevance in the context of the FLOW 

trial, the only dedicated CKD progression trial of a GLP-1RA in patients with type 2 

diabetes. In a company announcement, the FLOW trial reported a statistically significant 

reduction in kidney disease progression as well as cardiovascular and kidney death of 24% 

with semaglutide compared to placebo (https://www.novonordisk.com/news-and-

media/news-and-ir-materials/news-details.html?id=167028). Our finding that SGLT2i 

reduced the risk of the composite kidney endpoint regardless of GLP-1RA use is 

strengthened by the analyses of eGFR slope, a validated surrogate outcome for CKD 

progression,
35

 which provide substantially increased power to examine treatment effects 

https://urldefense.com/v3/__https:/www.novonordisk.com/news-and-media/news-and-ir-materials/news-details.html?id=167028__;!!MznTZTSvDXGV0Co!Cj1SZKpiALrIlOzNAf-wO9SNVBoWuvaEaW1YCYLN9JsiTC__YPB2BTdoZEuY4TrnmdvJsQDPfPWv5VZf3FYxkAHbhdBrPNYARPr5aXw0$
https://urldefense.com/v3/__https:/www.novonordisk.com/news-and-media/news-and-ir-materials/news-details.html?id=167028__;!!MznTZTSvDXGV0Co!Cj1SZKpiALrIlOzNAf-wO9SNVBoWuvaEaW1YCYLN9JsiTC__YPB2BTdoZEuY4TrnmdvJsQDPfPWv5VZf3FYxkAHbhdBrPNYARPr5aXw0$
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across subgroups of patients. The consistent benefits on chronic and total slope and the 

composite kidney endpoint in patients receiving and not receiving GLP-1RA provides the 

strongest evidence yet for the efficacy of SGLT2i, regardless of GLP-1RA, to reduce the risk 

of kidney failure in patients with type 2 diabetes.  

 

While the benefits of SGLT2i and GLP-1RA are well established, the uptake of these 

therapies remains suboptimal across most healthcare settings worldwide.
36,37

 Ensuring 

equitable access to SGLT2i and GLP-1RA will be important to ensure those who are likely to 

benefit most from combination cardio-kidney-metabolic therapies are able to receive them, 

with cost remaining a major barrier to access across many jurisdictions. Economic evaluation 

of the combined use of SGLT2i and GLP-1RA across different healthcare settings may also 

provide valuable information. Finally, understanding and addressing barriers to widespread 

implementation will be critical to realising the full potential of these transformative therapies. 

 

There are some limitations to acknowledge when interpreting these findings. The number of 

outcomes among the patients using GLP-1RA was much lower than those not using a GLP-

1RA. As a result, the number of composite kidney endpoints in participants receiving a GLP-

1RA was modest. However, the use of eGFR slope provided an opportunity to evaluate the 

consistency of effects on CKD progression, with findings that were entirely consistent with 

the composite endpoint. The estimated treatment effects were not derived from one-stage 

meta-analysis. However in lieu of pooled individual participant data, our use of a harmonised 

analytical approach and outcome definitions within a two-stage meta-analysis framework is 

consistent with the approach taken with other large cardio-metabolic consortia,
35,38

 and an 

important strength of this work. We did not evaluate whether the effects of GLP-1RA on 

clinical outcomes are similar with and without SGLT2i, although subgroup data from two 
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large GLP-1RA trials suggest that the effects of GLP-1RA are similar regardless of SGLT2i 

use.
39

 We only analysed treatment effects by baseline GLP-1RA use without the ability to 

perform time-updated analyses based on GLP-1RA use at any time point, although such 

analyses are introduce potential bias by way of post-randomisation subgroups. Our analyses 

group all GLP-1RA together, however there may be important differences in efficacy and/or 

safety among different agents within the class. Finally, this work is not a definitive 

randomised test of whether effects are independent and additive and is unable to address the 

question of combined initiation of GLP-1RA and SGLT2i. Direct support for additive 

benefits of combination therapy with both drug classes would require a dedicated clinical 

outcome trial.  

 

In summary, the effects of SGLT2i in reducing cardiovascular and kidney outcomes are 

similar in patients receiving and not receiving GLP-1RA at baseline. These findings suggest 

independent effects of these evidence-based therapies and support clinical practice guidelines 

recommending the use of both these agents to optimise cardiovascular and kidney prognosis.  
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Table 1. Characteristics of participants stratified by study population and use of GLP-

1RA at baseline. 

 GLP-1RA yes GLP-1RA no 

 
SGLT2i Placebo SGLT2i Placebo 

Diabetes at high risk for ASCVD trials 

Participants, n 937 693 23626 17312 

Age, years (SD) 63.0 (7.1) 62.8 (6.8) 63.7 (7.8) 63.8 (7.6) 

Male, n (%) 668 (71.3) 486 (70.1) 15704 (66.5) 11174 (64.5) 

Female, n (%) 269 (28.7) 207 (29.9) 7922 (33.5) 6138 (35.5) 

History of CV disease, n (%) 602 (64.2) 410 (59.2) 16784 (71.0) 11044 (63.8) 

History of heart failure, n (%) 85 (9.1) 58 (8.4) 3318 (14.0) 2388 (13.8) 

Systolic BP, mmHg (SD) 132.8 (15.5) 133.8 (15.2) 135.0 (15.5) 135.1 (15.6) 

Body mass index, kg/m2 (SD) 34.9 (5.8) 35.0 (6.8) 31.5 (5.7) 31.5 (5.8) 

HbA1c, % (SD),  

mmol/mol 

8.2 (1.0) 

66.1 

8.1 (1.0) 

65.0 

8.2 (1.0) 

66.1 

8.2 (1.1) 

66.1 

eGFR, mL/min/1.73m
2
 (SD) 79.3 (20.5) 77.5 (19.8) 79.3 (19.8) 78.9 (19.4) 

uACR ≥30 mg/g, n/N (%) 
312/925 

(33.7) 

228/684 

(33.3) 

8034/23486 

(34.2) 

5680/17156 

(33.1) 

RAS blockade use, n (%) 807 (86.1) 583 (84.1) 19063 (80.7) 13977 (80.7) 

Insulin use, n (%) 477 (50.9) 349 (50.4) 10788 (45.7) 7781 (44.9) 

Chronic kidney disease trials 

Participants, n 635 640 9839 9817 

Age, years (SD) 66.0 (8.8) 65.5 (9.1) 66.0 (9.4) 66.3 (9.3) 

Male, n (%) 418 (65.8) 406 (63.4) 5954 (60.5) 5944 (60.5) 

Female, n (%) 217 (34.2) 234 (36.6) 3885 (39.5) 3873 (39.5) 

History of CV disease, n (%) 296 (46.6) 273 (42.7) 4560 (46.3) 4621 (47.1) 

History of heart failure, n (%) 116 (18.3) 112 (17.5) 2248 (22.8) 2252 (22.9) 

Systolic BP, mmHg (SD) 138.0 (17.2) 137.4 (17.5) 139.1 (16.9) 139.4 (16.9) 

Body mass index, kg/m2 (SD) 35.4 (6.8) 35.7 (7.6) 31.2 (6.4) 31.2 (6.3) 

HbA1c, % (SD),  

mmol/mol 

8.1 (2.2) 

65.0 

8.2 (2.0) 

66.1 

8.2 (2.0) 

66.1 

8.2 (2.0) 

66.1 

eGFR, mL/min/1.73m
2
 (SD) 44.4 (13.5) 43.0 (13.7) 43.8 (14.4) 43.6 (14.4) 

uACR ≥30 mg/g, n (%) 477 (75.1) 463 (72.3) 7804 (79.3) 7799 (79.4) 

RAS blockade use, n (%) 568 (89.4) 583 (91.1) 9057 (92.1) 8960 (91.3) 

Insulin use, n (%) 454 (71.5) 496 (77.5) 6024 (61.2) 5893 (60.0) 

Heart failure trials 

Participants, n 88 72 4781 4798 

Age, years (SD) 67.7 (8.9) 70.4 (9.1) 69.0 (9.7) 69.0 (9.7) 

Male, n (%) 65 (73.9) 44 (61.1) 3166 (66.2) 3125 (65.1) 

Female, n (%) 23 (26.1) 28 (38.9)  1615 (33.8) 1673 (34.9) 

History of CV disease, n (%) 62 (70.5) 56 (77.8) 3213 (67.2) 3186 (66.4) 

History of heart failure, n (%) 88 (100.0) 72 (100.0) 4781 (100.0) 4798 (100.0) 

Systolic BP, mmHg (SD) 127.9 (17.4) 126.9 (16.7) 127.4 (16.5) 127.5 (16.6) 

Body mass index, kg/m2 (SD) 31.3 (6.8) 31.3 (7.1) 29.9 (6.0) 30.0 (6.0) 
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HbA1c, % (SD), 

mmol/mol 

8.0 (1.5) 

63.9 

7.5 (1.7) 

58.5 

7.4 (1.6)  

57.4 

7.4 (1.6) 

57.4 

eGFR, mL/min/1.73m
2
 (SD) 53.3 (20.3) 56.2 (20.2) 60.8 (20.4) 61.0 (20.4) 

uACR ≥30 mg/g, n/N (%)* 26/43 (60.5) 14/35 (40.0) 
1223/2350 

(52.0) 

1201/2366 

(50.8) 

RAS blockade use, n (%) 67 (76.1) 56 (77.8) 4119 (86.2) 4082 (85.1) 

Insulin use, n (%) 53 (60.2) 44 (61.1) 1286 (27.4) 1333 (28.2) 

*Only available in EMPEROR-Reduced and EMPEROR-Preserved. GLP-1RA: glucagon-

like peptide-1 receptor agonists; SGLT2i: sodium glucose cotransporter 2 inhibitors; 

ASCVD: atherosclerotic cardiovascular disease; CV: cardiovascular; BP: blood pressure; 

HBA1c: glycated haemoglobin; eGFR: estimated glomerular filtration rate; uACR: urine 

albumin:creatinine ratio 
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FIGURE LEGEND 

Figure 1. Effect of SGLT2 inhibitors on major adverse cardiovascular events 

(myocardial infarction, stroke or cardiovascular death) with and without use of GLP-1 

receptor agonists at baseline. 

Sodium glucose cotransporter-2 (SGLT2); GLP-1 RA: glucagon-like peptide-1 receptor 

agonists; HR: hazard ratio; CI: confidence interval. 
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Figure 2. Effect of SGLT2 inhibitors on (A) hospitalisation for heart failure or 

cardiovascular death, (B) hospitalisation for heart failure and (C) cardiovascular death, 

with and without use of GLP-1 receptor agonists at baseline. 

Sodium glucose cotransporter-2 (SGLT2); GLP-1 RA: glucagon-like peptide-1 receptor 

agonists; HR: hazard ratio; CI: confidence interval. 
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Figure 3. Effect of SGLT2 inhibitors on chronic kidney disease progression (≥40% 

decline in estimated glomerular filtration rate, kidney failure or death due to kidney 

failure) with and without use of GLP-1 receptor agonists at baseline. 

Sodium glucose cotransporter-2 (SGLT2); GLP-1 RA: glucagon-like peptide-1 receptor 

agonists; HR: hazard ratio; CI: confidence interval. 
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Figure 4. Effects of SGLT2 inhibitors on (A) chronic eGFR slope and (B) total eGFR 

slope with and without use of GLP-1 receptor agonists at baseline. 

Sodium glucose cotransporter-2 (SGLT2); GLP-1 RA: glucagon-like peptide-1 receptor 

agonists; eGFR: estimated glomerular filtration rate; CI: confidence interval. 
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Figure 5. Effects of SGLT2 inhibitors on (A) all-cause mortality. (B) serious adverse 

events, (C) hypoglycaemia and (D) volume depletion, with and without use of GLP-1 

receptor agonists at baseline. 

Sodium glucose cotransporter-2 (SGLT2); GLP-1 RA: glucagon-like peptide-1 receptor 

agonists; HR: hazard ratio; CI: confidence interval. 
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Table S1. Details of included trials. 

 

SGLT2i: sodium glucose co-transporter 2 inhibitors; GLP-1RA: glucagon-like peptide-1 receptor agonists; ASCVD: atherosclerotic 

cardiovascular disease; CKD: chronic kidney disease; HF: heart failure; NCT ID: national clinical trial identification number; F/U: follow-up.

Study Population Year NCT ID Participants, n 
Diabetes, n 

(%) 

GLP-1RA, n 

(%) 
SGLT2i, dose 

Median 

F/U (years) 

EMPA-REG OUTCOME 
Diabetes at high 

ASCVD risk 
2015 NCT01131676 7020 7020 (100.0) 196 (2.8) 

Empaglifozin,

10/25mg 
3.1 

CANVAS Program 

 

Diabetes at high 

ASCVD risk 
2017 NCT01032629 10142 10142 (100.0) 407 (4.0) 

Canagliflozin 

100mg 
3.6 

DECLARE-TIMI 58 
Diabetes at high 

ASCVD risk 
2019 NCT01730534 17160 17160 (100.0) 750 (4.4) 

Canagliflozin 

10mg 
4.2 

VERTIS CV 
Diabetes at high 

ASCVD risk 
2020 NCT01986881 8238 8238 (100.0) 277 (3.4) 

Ertugliflozin 

5/15mg 
3.5 

CREDENCE CKD 2019 NCT02065791 4401 4401 (100.0) 183 (4.2) 
Canagliflozin 

100mg 
2.6 

DAPA-CKD CKD 2020 NCT03036150 4304 2906 (67.5) 122 (4.2) 
Dapagliflozin 

10mg 
2.4 

SCORED CKD 2021 NCT03315143 10584 10584 (100.0) 633 (6.0) 
Sotagliflozin 

400mg 
1.3 

EMPA-KIDNEY CKD 2023 NCT03594110 6609 2936 (44.4) 337 (5.1) 
Empagliflozin 

10mg 
2.0 

DAPA-HF HF 2019 NCT03036124 4744 1983 (41.8) 21 (1.1) 
Dapagliflozin 

10mg 
1.5 

EMPEROR-REDUCED HF 2020 NCT03057977 3730 1856 (49.8) 19 (1.0) 
Empagliflozin 

10mg 
1.3 

EMPEROR-PRESERVED HF 2021 NCT03057951 5988 2938 (49.1) 59 (2.0) 
Empagliflozin 

10mg 
2.2 

DELIVER HF 2022 NCT03619213 6263 2806 (44.8) 61 (2.2) 
Dapagliflozin 

10mg 
2.3 

Total 
 

  
89183 72970 (81.8) 3065 (4.2) 
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Table S2. Effects of SGLT2 inhibitors on major adverse cardiovascular events by 

baseline use of GLP-1 in individual trials. 

 

 

Events/patients (%) 
Event rate /100 

patient years 
 

 
SGLT2i Placebo SGLT2i Placebo HR (95% CI) 

Baseline use of GLP-1 RA 

EMPA-REG OUTCOME 15/126 (11.9) 10/70 (14.3) 4.32 5.42 0.83 (0.37 to 1.84) 

CANVAS Program 18/222 (8.1) 15/185 (8.1) 2.64 3.1 0.73 (0.36 to 1.46) 

DECLARE-TIMI 58 31/397 (7.8) 32/353 (9.1) 1.9 2.3 0.84 (0.51 to 1.38) 

VERTIS CV 21/192 (10.9) 9/85 (10.6) 3.54 3.79 0.94 (0.43 to 2.05) 

CREDENCE 11/89 (12.4) 11/94 (11.7) 4.65 4.23 1.13 (0.49 to 2.64) 

DAPA-CKD 8/63 (12.7) 6/59 (10.2) 5.91 4.78 1.31 (0.42 to 4.09) 

SCORED 17/310 (5.5) 18/323 (5.6) 3.9 4.2 0.90 (0.46 to 1.74) 

EMPA-KIDNEY 6/173 (3.5) 11/164 (6.7) 1.8 3.6 0.46 (0.17 to 1.26) 

DAPA-HF 1/11 (9.1) 3/10 (30) 6.1 33.3 0.23 (0.02 to 2.92) 

EMPEROR-REDUCED 2/13 (15.4) 1/6 (16.7) 12.19 11.54 1.12 (0.1 to 12.36) 

EMPEROR-PRESERVED 5/30 (16.7) 5/29 (17.2) 7.59 9.03 0.85 (0.24 to 2.93) 

DELIVER 4/34 (11.8) 8/27 (29.6) 5.5 17.1 0.32 (0.1 to 1.08) 

No baseline use of GLP1-RA 

EMPA-REG OUTCOME 475/4561 (10.4) 272/2263 (12) 3.72 4.36 0.86 (0.74 to 1.00) 

CANVAS Program 567/5573 (10.2) 411/4162 (9.9) 2.69 3.15 0.86 (0.76 to 0.98) 

DECLARE-TIMI 58 734/8185 (9) 788/8225 (9.6) 2.3 2.5 0.93 (0.84 to 1.03) 

VERTIS CV 632/5301 (11.9) 318/2660 (12) 3.91 4.02 0.97 (0.85 to 1.11) 

CREDENCE 206/2113 (9.7) 258/2105 (12.3) 3.84 4.9 0.78 (0.65 to 0.94) 

DAPA-CKD 105/1392 (7.5) 112/1392 (8) 3.49 3.75 0.93 (0.71 to 1.21) 

SCORED 269/4982 (5.4) 316/4969 (6.4) 4.1 4.9 0.84 (0.72 to 0.99) 

EMPA-KIDNEY 85/1352 (6.3) 96/1351 (7.1) 3.2 3.6 0.89 (0.66 to 1.19) 

DAPA-HF 156/1064 (14.7) 173/1054 (16.4) 10.3 11.7 0.88 (0.71 to 1.1) 

EMPEROR-REDUCED 124/914 (13.6) 126/923 (13.7) 10.4 10.35 1.01 (0.78 to 1.29) 

EMPEROR-PRESERVED 166/1436 (11.6) 171/1443 (11.9) 5.71 5.79 0.98 (0.79 to 1.21) 

DELIVER 168/1367 (12.3) 191/1378 (13.9) 5.7 6.4 0.88 (0.72 to 1.08) 

SGLT2i: sodium glucose co-transporter 2 inhibitors; GLP-1RA: glucagon-like peptide-1 

receptor agonists; HR: hazard ratio; CI: confidence interval. Major adverse cardiovascular 

events was defined as cardiovascular death, nonfatal myocardial infarction or nonfatal stroke. 
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Table S3. Effects of SGLT2 inhibitors on (A) heart failure hospitalisation or 

cardiovascular death and (B) hospitalisation for heart failure by baseline use of GLP-

1RA in individual trials. 

 

A.  

 
Events/patients (%) 

Event rate per 100 

patient years 

  

 

SGLT2i Placebo SGLT2i Placebo HR (95% CI) 

Baseline use of GLP-1 RA 

EMPA-REG OUTCOME 5/126 (4.0) 3/70 (4.3) 1.39 1.59 0.85 (0.2 to 3.56) 

CANVAS Program 13/222 (5.9) 5/185 (2.7) 1.89 1.01 1.85 (0.65 to 5.27) 

DECLARE-TIMI 58 4/397 (1.0) 18/353 (5.1) 0.2 1.3 0.2 (0.07 to 0.6) 

VERTIS CV 9/192 (4.7) 3/85 (3.5) 1.32 1.01 1.30 (0.35 to 4.80) 

CREDENCE 4/89 (4.5) 8/94 (8.5) 1.67 3.1 0.54 (0.16 to 1.08) 

DAPA-CKD 2/63 (3.2) 5/59 (8.5) 1.39 3.98 0.29 (0.05 to 1.54) 

SCORED 9/310 (2.9) 14/323 (4.3) 2 3.3 0.58 (0.25 to 1.35) 

EMPA-KIDNEY 5/173 (2.9) 5/164 (3) 1.5 1.6 0.79 (0.23 to 2.72) 

DAPA-HF 5/11 (45.5) 1/10 (10) 41.3 10.2 4.39 (0.45 to 43.19) 

EMPEROR-REDUCED 4/13 (30.8) 1/6 (16.7) 29.15 13.07 1.81 (0.2 to 16.24) 

EMPEROR-PRESERVED 4/30 (13.3) 2/29 (6.9) 6.29 3.71 1.59 (0.29 to 8.68) 

DELIVER 5/34 (14.7) 5/27 (18.5) 7.1 11.7 0.58 (0.17 to 2.01) 

No baseline use of GLP1-RA 

EMPA-REG OUTCOME 121/4561 (2.7) 92/2263 (4.1) 0.92 1.44 0.65 (0.49 to 0.85) 

CANVAS Program 110/5573 (2) 115/4162 (2.8) 0.51 0.86 0.62 (0.48 to 0.81) 

DECLARE-TIMI 58 208/8185 (2.5) 268/8225 (3.3) 0.6 0.8 0.77 (0.64 to 0.92) 

VERTIS CV 130/5307 (2.4) 96/2662 (3.6) 0.71 1.05 0.68 (0.52 to 0.88) 

CREDENCE 85/2113 (4.0) 133/2105 (6.3) 1.56 2.51 0.62 (0.47 to 0.81) 

DAPA-CKD 29/1392 (2.1) 59/1392 (4.2) 0.95 1.97 0.48 (0.31 to 0.75) 

SCORED 149/4982 (3.0) 211/4969 (4.2) 2.3 3.3 0.70 (0.57 to 0.86) 

EMPA-KIDNEY 60/1352 (4.4) 75/1351 (5.6) 2.2 2.8 0.78 (0.55 to 1.09) 

DAPA-HF 133/1064 (12.5) 171/1054 (16.2) 9.1 12.3 0.74 (0.59 to 0.93) 

EMPEROR-REDUCED 136/914 (14.9) 200/923 (21.7) 12.15 18.66 0.66 (0.53 to 0.82) 

EMPEROR-PRESERVED 151/1436 (10.5) 213/1443 (14.8) 5.36 7.65 0.68 (0.55 to 0.84) 

DELIVER 172/1367 (12.6) 210/1378 (15.2) 6 7.5 0.80 (0.66 to 0.98) 

SGLT2i: sodium glucose co-transporter 2 inhibitors; GLP-1RA: glucagon-like peptide-1 

receptor agonists; HR: hazard ratio; CI: confidence interval. 
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B. 

 
Events/patients (%) 

Event rate per 

100 patient years 

  

 

SGLT2i Placebo SGLT2i Placebo HR (95% CI) 

Baseline use of GLP-1 RA 

EMPA-REG OUTCOME 11/126 (8.7) 6/70 (8.6) 3.06 3.18 0.96 (0.36 to 2.61) 

CANVAS Program 17/222 (7.7) 8/185 (4.3) 2.47 1.61 1.38 (0.59 to 3.23) 

DECLARE-TIMI 58 10/397 (2.5) 24/353 (6.8) 0.6 1.7 0.37 (0.18 to 0.78) 

VERTIS CV 14/192 (7.3) 4/85 (4.7) 2.05 1.35 1.51 (0.50 to 4.60) 

CREDENCE 9/89 (10.1) 11/94 (11.7) 3.76 4.26 0.96 (0.39 to 2.35) 

DAPA-CKD 3/63 (4.8) 6/59 (10.2) 2.09 4.78 0.4 (0.1 to 1.67) 

SCORED 13/310 (4.2) 18/323 (5.6) 2.9 4.2 0.65 (0.32 to 1.34) 

EMPA-KIDNEY 7/173 (4) 9/164 (5.5) 2.1 2.9 0.63 (0.24 to 1.7) 

DAPA-HF 5/11 (45.5) 3/10 (30) 41.3 30.7 1.62 (0.33 to 7.85) 

EMPEROR-REDUCED 5/13 (38.5) 1/6 (16.7) 36.44 13.07 2.46 (0.29 to 21.07) 

EMPEROR-PRESERVED 6/30 (20) 5/29 (17.2) 9.43 9.27 0.94 (0.29 to 3.1) 

DELIVER 7/34 (20.6) 9/27 (33.3) 9.9 21.1 0.47 (0.17 to 1.26) 

No baseline use of GLP1-RA 

EMPA-REG OUTCOME 269/4561 (5.9) 203/2263 (9) 2.05 3.18 0.65 (0.54 to 0.78) 

CANVAS Program 347/5573 (6.2) 280/4162 (6.7) 1.6 2.1 0.76 (0.65 to 0.9) 

DECLARE-TIMI 58 407/8185 (5) 472/8225 (5.7) 1.2 1.5 0.86 (0.75 to 0.98) 

VERTIS CV 430/5307 (8.1) 246/2662 (9.2) 2.35 2.7 0.87 (0.75 to 1.02) 

CREDENCE 170/2113 (8) 242/2105 (11.5) 3.12 4.56 0.68 (0.56 to 0.83) 

DAPA-CKD 82/1392 (5.9) 113/1392 (8.1) 2.68 3.78 0.71 (0.53 to 0.94) 

SCORED 270/4982 (5.4) 339/4969 (6.8) 4.1 5.2 0.78 (0.67 to 0.92) 

EMPA-KIDNEY 89/1352 (6.6) 109/1351 (8.1) 3.3 4.1 0.8 (0.61 to 1.07) 

DAPA-HF 208/1064 (19.5) 265/1054 (25.1) 14.2 19 0.74 (0.62 to 0.89) 

EMPEROR-REDUCED 195/914 (21.3) 264/923 (28.6) 17.43 24.63 0.72 (0.59 to 0.86) 

EMPEROR-PRESERVED 233/1436 (16.2) 286/1443 (19.8) 8.27 10.27 0.79 (0.66 to 0.94) 

DELIVER 241/1367 (17.6) 289/1378 (21) 8.5 10.4 0.82 (0.69 to 0.97) 

SGLT2i: sodium glucose co-transporter 2 inhibitors; GLP-1RA: glucagon-like peptide-1 

receptor agonists; HR: hazard ratio; CI: confidence interval. 
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Table S4. Effects of SGLT2 inhibitors on CKD progression by baseline use of GLP-1RA 

in individual trials. 
 

 

Events/patients (%) 
Event rate per 

100 patient years 

  

 

SGLT2i Placebo SGLT2i Placebo HR (95% CI) 

Baseline use of GLP-1 RA 

EMPA-REG OUTCOME 4/125 (3.2) 2/70 (2.9) 1.21 1.13 1.19 (0.22 to 6.51) 

CANVAS Program 1/222 (0.5) 3/185 (1.6) 0.14 0.6 0.37 (0.04 to 3.56) 

DECLARE-TIMI 58 4/397 (1) 10/353 (2.8) 0.2 0.7 0.36 (0.11 to 1.15) 

VERTIS CV 5/192 (2.6) 2/85 (2.4) 0.74 0.67 1.10 (0.21 to 5.67) 

CREDENCE 12/89 (13.5) 11/94 (11.7) 5.18 4.17 1.21 (0.53 to 2.76) 

DAPA-CKD 2/63 (3.2) 9/59 (15.3) 1.52 7.58 0.21 (0.04 to 0.97) 

SCORED 8/310 (2.6) 9/323 (2.8) 1.8 2.1 0.82 (0.32 to 2.14) 

EMPA-KIDNEY 18/173 (10.4) 24/164 (14.6) 5.4 8 0.53 (0.29 to 0.98) 

DAPA-HF 0/11 (0) 2/10 (20) N/A 20.7 N/A 

EMPEROR-REDUCED 1/13 (7.7) 1/6 (16.7) 7.93 15.46 0.45 (0.03 to 7.36) 

EMPEROR-PRESERVED 0/30 (0) 2/29 (6.9) N/A 4.58 N/A 

DELIVER 2/34 (5.9) 2/27 (7.4) 2.8 4.0 0.76 (0.11 to 5.37) 

No baseline use of GLP1-RA 

EMPA-REG OUTCOME 104/4520 (2.3) 85/2253 (3.8) 0.84 1.43 0.57 (0.43 to 0.76) 

CANVAS Program 123/5573 (2.2) 122/4162 (2.9) 0.57 0.91 0.61 (0.47 to 0.78) 

DECLARE-TIMI 58 128/8185 (1.6) 232/8225 (2.8) 0.4 0.7 0.55 (0.44 to 0.68) 

VERTIS CV 114/5307 (2.1) 87/2662 (3.3) 0.63 0.95 0.66 (0.5 to 0.87) 

CREDENCE 237/2113 (11.2) 361/2105 (17.1) 4.48 7.11 0.62 (0.53 to 0.73) 

DAPA-CKD 101/1392 (7.3) 164/1392 (11.8) 3.59 5.96 0.59 (0.46 to 0.75) 

SCORED 186/4982 (3.7) 254/4969 (5.1) 2.8 3.9 0.72 (0.60 to 0.87) 

EMPA-KIDNEY 164/1352 (12.1) 236/1351 (17.5) 6.2 9.1 0.63 (0.52 to 0.77) 

DAPA-HF 32/1064 (3) 37/1054 (3.5) 2.2 2.6 0.84 (0.52 to 1.34) 

EMPEROR-REDUCED 21/914 (2.3) 38/923 (4.1) 2.22 4.09 0.52 (0.30 to 0.88) 

EMPEROR-PRESERVED 75/1436 (5.2) 72/1443 (5) 3.16 3.01 1.03 (0.74 to 1.42) 

DELIVER 107/1367 (7.8) 84/1378 (6.1) 3.7 2.8 1.30 (0.98 to 1.73) 

SGLT2i: sodium glucose co-transporter 2 inhibitors; GLP-1RA: glucagon-like peptide-1 

receptor agonists; HR: hazard ratio; CI: confidence interval. N/A: Not applicable. CKD 

progression defined as ≥40% decline in eGFR, kidney failure or death due to kidney failure. 
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Table S5. Effects of SGLT2 inhibitors on chronic and total eGFR slope by baseline use 

of GLP-1RA in individual trials. 

 

A. Chronic slope 
eGFR slope 

(mL/min/1.73m
2
/year) 

  

 

SGLT2i 

(95% CI) 
Placebo 

(95% CI) 
Mean Difference 

(95% CI) 
SE 

Baseline use of GLP-1 RA 

EMPA-REG OUTCOME 0.78 (-0.34 to 1.91) -2.7 (-4.39 to -1) 3.48 (1.45 to 5.51) 1.04 

CANVAS Program 0.11 (-0.51 to 0.73) -1.13 (-1.98 to -0.29) 1.24 (0.2 to 2.29) 0.53 

DECLARE-TIMI 58 -1.29 (-1.64 to -0.94) -2.34 (-2.74 to -1.94) 1.05 (0.51 to 1.58) 0.27 

VERTIS CV -0.6 (-1.05 to -0.14) -1.58 (-2.32 to -0.85) 0.99 (0.12 to 1.85) 0.44 

CREDENCE -1.86 (-2.88 to -0.85) -4.05 (-5.07 to -3.04) 2.19 (0.75 to 3.62) 0.72 

DAPA-CKD -1.21 (-2.57 to 0.15) -3.98 (-5.39 to -2.57) 2.77 (0.81 to 4.73) 0.08 

SCORED -0.23 (-1.01 to 0.56) -0.64 (-1.46 to 0.17) 0.42 (-0.71 to 1.55) 0.05 

EMPA-KIDNEY -1.13 (-1.86 to -0.40) -2.56 (-3.32 to -1.80) 1.42 (0.37 to 2.47) 0.54 

DAPA-HF -2.26 (-7.1 to 2.59) -3.72 (-9.78 to 2.35) 1.46 (-6.31 to 9.23) 3.96 

EMPEROR-REDUCED -1.87 (-7.58 to 3.85) -0.98 (-9.03 to 7.07) -0.89 (-10.76 to 8.98) 5.04 

EMPEROR-PRESERVED 0.08 (-2.2 to 2.36) -6.91 (-9.39 to -4.43) 6.99 (3.62 to 10.37) 1.72 

DELIVER 1.5 (-0.7 to 3.7) -4.3 (-8.1 to -0.6) 6 (1.7 to 10.3) 2.20 

No baseline use of GLP1-RA 

EMPA-REG OUTCOME -0.39 (-0.48 to -0.17) -1.72 (-1.97 to -1.46) 1.39 (1.09 to 1.68) 0.15 

CANVAS Program 0.35 (0.25 to 0.45) -0.73 (-0.87 to -0.6) 1.09 (0.92 to 1.26) 0.09 

DECLARE-TIMI 58 -1.52 (-1.6 to -1.44) -2.51 (-2.59 to -2.43) 0.99 (0.87 to 1.1) 0.06 

VERTIS CV -0.87 (-0.96 to -0.79) -1.79 (-1.91 to -1.67) 0.91 (0.77 to 1.06) 0.07 

CREDENCE -1.91 (-2.17 to -1.65) -4.61 (-4.88 to -4.35) 2.7 (2.33 to 3.07) 0.19 

DAPA-CKD -1.6 (-1.89 to -1.31) -3.83 (-4.12 to -3.54) 2.23 (1.82 to 2.64) 0.02 

SCORED -0.06 (-0.32 to 0.2) -2.17 (-2.43 to -1.9) 2.11 (1.73 to 2.48) 0.02 

EMPA-KIDNEY -1.23 (-1.48 to -0.98) -2.84 (-3.09 to -2.59) 1.61 (1.25 to 1.97) 0.18 

DAPA-HF -1.5 (-1.99 to -1) -3.73 (-4.24 to -3.22) 2.23 (1.52 to 2.95) 0.36 

EMPEROR-REDUCED -0.7 (-1.4 to 0) -3.01 (-3.71 to -2.3) 2.3 (1.31 to 3.3) 0.51 

EMPEROR-PRESERVED -1.3 (-1.63 to -0.96) -3.02 (-3.35 to -2.69) 1.72 (1.25 to 2.19) 0.24 

DELIVER 0.1 (-0.4 to 0.5) -1.9 (-2.3 to -1.4) 1.9 (1.3 to 2.6) 0.3 

SGLT2i: sodium glucose co-transporter 2 inhibitors; GLP-1RA: glucagon-like peptide-1 

receptor agonists; CI: confidence interval; SE: standard error. 
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B. Total Slope 
eGFR slope 

(mL/min/1.73m
2
/year) 

  

 

SGLT2i 

(95% CI) 
Placebo 

(95% CI) 
Mean Difference 

(95% CI) 
SE 

Baseline use of GLP-1 RA 

EMPA-REG OUTCOME -0.39 (-1.47 to -0.68) -2.63 (-4.24 to -1.02) 2.24 (0.3 to 4.17) 0.99 

CANVAS Program -0.06 (-0.63 to 0.5) -0.97 (-1.73 to -0.2) 0.9 (-0.05 to 1.85) 0.48 

DECLARE-TIMI 58 -1.55 (-1.76 to -1.33) -2.22 (-2.47 to -1.97) 0.67 (0.34 to 1.01) 0.17 

VERTIS CV -0.63 (-1.03 to -0.22) -1.65 (-2.31 to -0.99) 1.02 (0.25 to 1.8) 0.39 

CREDENCE -1.36 (-7.81 to 5.09) -4.85 (-12.54 to 2.84) 3.49 (-6.54 to 13.53) 5.11 

DAPA-CKD -2.87 (-4.24 to -1.49) -4.14 (-5.56 to -2.71) 1.27 (-0.71 to 3.25) 0.08 

SCORED -3.02 (-3.82 to -2.23) -1.32 (-2.13 to -0.51) -1.7 (-2.83 to -0.57) 0.05 

EMPA-KIDNEY -2.09 (-2.78 to -1.40) -2.83 (-3.56 to -2.10) 0.73 (-0.27 to 1.73) 0.51 

DAPA-HF -3.23 (-7.93 to 1.48) -4.19 (-10.01 to 1.63) 0.96 (-6.53 to 8.45) 3.82 

EMPEROR-REDUCED -3.87 (-9.22 to 1.47) -2 (-9.62 to 5.61) -1.87 (-11.16 to 7.43) 4.74 

EMPEROR-PRESERVED -2.71 (-4.98 to -0.44) -5.53 (-7.94 to -3.13) 2.83 (-0.48 to 6.14) 1.69 

DELIVER 0.1 (-1.9 to 2.1) -4.1 (-7.3 to -0.9) 4.2 (0.3 to 8) 2.00 

No baseline use of GLP1-RA 

EMPA-REG OUTCOME -1.12 (-1.27 to -0.97) -1.74 (-1.98 to -1.49) 0.62 (0.33 to 0.91) 0.15 

CANVAS Program -0.19 (-0.28 to -0.09) -0.83 (-0.96 to -0.7) 0.64 (0.48 to 0.8) 0.08 

DECLARE-TIMI 58 -1.78 (-1.83 to -1.73) -2.41 (-2.46 to -2.36) 0.63 (0.57 to 0.7) 0.03 

VERTIS CV -0.87 (-0.94 to -0.8) -1.71 (-1.81 to -1.6) 0.84 (0.71 to 0.97) 0.07 

CREDENCE 0.77 (-1.19 to 2.73) -5.05 (-6.82 to -3.28) 5.82 (3.18 to 8.46) 1.35 

DAPA-CKD -2.83 (-3.12 to -2.54) -4 (-4.3 to -3.71) 1.17 (0.76 to 1.59) 0.02 

SCORED -1.86 (-2.12 to -1.61) -1.9 (2.16 to -1.64) 0.04 (-0.33 to 0.4) 0.02 

EMPA-KIDNEY -2.12 (-2.36 to -1.88) -2.87 (-3.12 to -2.62) 0.75 (0.4 to 1.09) 0.18 

DAPA-HF -3.04 (-3.52 to -2.54) -3.95 (-4.44 to -3.46) 0.91 (0.22 to 1.61) 0.35 

EMPEROR-REDUCED -2 (-2.66 to -1.34) -3.38 (-4.04 to -2.71) 1.38 (0.44 to 2.31) 0.48 

EMPEROR-PRESERVED -2.72 (-3.05 to -2.39) -3.1 (-3.43 to -2.78) 0.38 (-0.08 to 0.84) 0.24 

DELIVER -1.2 (-1.6 to -0.8) -2.1 (-2.5 to -1.7) 0.9 (0.3 to 1.5) 0.30 
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Table S5. Number of participants experiencing (A) serious adverse events; (B) 

hypoglycaemia (C) volume depletion by baseline GLP-1RA in individual trials. 

 

A. Serious adverse events Events/Participants (%) 

 

SGLT2i Placebo 

Baseline use of GLP-1RA   

EMPA-REG OUTCOME 60/126 (47.6) 40/70 (57.1) 

CANVAS Program 79/222 (35.6) 67/185 (36.2) 

DECLARE-TIMI 58 145/397 (36.5) 134/352 (38.1) 

VERTIS CV 70/192 (36.5) 38/85 (44.7) 

CREDENCE 34/89 (38.2) 39/94 (41.5) 

DAPA-CKD 18/63 (28.6) 27/59 (45.8) 

SCORED 86/310 (27.7) 89/323 (27.6) 

EMPA-KIDNEY 70/173 (40.5) 79/164 (48.2) 

DAPA-HF 7/10 (70) 5/10 (50) 

EMPEROR-REDUCED 7/13 (53.8) 6/6 (100) 

EMPEROR-PRESERVED 21/29 (72.4) 16/29 (55.2) 

DELIVER 23/34 (67.6) 17/27 (63) 

No baseline use of GLP-1RA   

EMPA-REG OUTCOME 1729/4561 (37.9) 948/2263 (41.9) 

CANVAS Program 1842/5568 (33.1) 1289/4159 (31) 

DECLARE-TIMI 58 2780/8177 (34) 2966/8217 (36.1) 

VERTIS CV 1825/5301 (34.4) 952/2660 (35.8) 

CREDENCE 703/2111 (33.3) 767/2103 (36.5) 

DAPA-CKD 435/1390 (31.3) 494/1391 (35.5) 

SCORED 1150/4981 (23.1) 1242/4963 (25) 

EMPA-KIDNEY 577/1352 (42.7) 626/1351 (46.3) 

DAPA-HF 440/1063 (41.4) 508/1053 (48.2) 

EMPEROR-REDUCED 390/914 (42.7) 451/920 (49) 

EMPEROR-PRESERVED 711/1436 (49.5) 782/1442 (54.2) 

DELIVER 637/1367 (46.6) 684/1378 (49.6) 

SGLT2i: sodium glucose cotransporter-2 inhibitor. GLP-1RA: glucagon-like peptide-1 

receptor agonist. 
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B. Hypoglycaemia Events/Participants (%) 

 

SGLT2i Placebo 

Baseline use of GLP-1 RA   

EMPA-REG OUTCOME 0/126 (0) 1/70 (1.4) 

CANVAS Program 7/156 (4.5) 5/155 (3.2) 

DECLARE-TIMI 58 3/397 (0.8) 5/352 (1.4) 

VERTIS CV 0/192 (0) 0/85 (0) 

CREDENCE 11/89 (12.4) 7/94 (7.4) 

DAPA-CKD 0/63 (0) 0/59 (0) 

SCORED 28/310 (9) 15/323 (4.6) 

EMPA-KIDNEY 13/173 (7.5) 10/164 (6.1) 

DAPA-HF 0/10 (0) 0/10 (0) 

EMPEROR-REDUCED 0/13 (0) 0/6 (0) 

EMPEROR-PRESERVED 0/29 (0) 1/29 (3.4) 

DELIVER 0/34 0/27 

No baseline use of GLP-1 RA   

EMPA-REG OUTCOME 63/4561 (1.4) 35/2263 (1.5) 

CANVAS Program 376/2820 (13.3) 163/1411 (11.6) 

DECLARE-TIMI 58 55/8177 (0.7) 78/8217 (0.9) 

VERTIS CV 21/5301 (0.4) 14/2660 (0.5) 

CREDENCE 214/2111 (10.1) 233/2103 (11.1) 

DAPA-CKD 14/1390 (1) 28/1391 (2) 

SCORED 378/4981 (7.6) 401/4963 (8.1) 

EMPA-KIDNEY 60/1352 (4.4) 67/1351 (5) 

DAPA-HF 4/1062 (0.4) 4/1053 (0.4) 

EMPEROR-REDUCED 6/914 (0.7) 7/920 (0.8) 

EMPEROR-PRESERVED 22/1436 (1.5) 17/1442 (1.2) 

DELIVER 4/1367 (0.3) 1/1378 (0.1) 

SGLT2i: sodium glucose cotransporter-2 inhibitor. GLP-1RA: glucagon-like peptide-1 

receptor agonist. 
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C. Volume depletion Events/Participants (%) 

 

SGLT2i Placebo 

Baseline use of GLP-1 RA   

EMPA-REG OUTCOME 0/126 (0) 1/70 (1.4) 

CANVAS Program 8/156 (5.1) 5/155 (3.2) 

DECLARE-TIMI 58 15/397 (3.8) 13/352 (3.7) 

VERTIS CV 1/192 (0.5) 1/85 (1.2) 

CREDENCE 10/89 (11.2) 10/94 (10.6) 

DAPA-CKD 6/63 (9.5) 1/59 (1.7) 

SCORED 25/310 (8.1) 15/323 (4.6) 

EMPA-KIDNEY 10/173 (5.8) 6/164 (3.7) 

DAPA-HF 1/10 (10) 1/10 (10) 

EMPEROR-REDUCED 0/13 (0) 0/6 (0) 

EMPEROR-PRESERVED 3/29 (10.3) 1/29 (3.4) 

DELIVER 3/35 (8.6) 0/27 (0) 

No baseline use of GLP-1 RA   

EMPA-REG OUTCOME 38/4561 (0.8) 15/2263 (0.7) 

CANVAS Program 191/2820 (6.8) 62/1411 (4.4) 

DECLARE-TIMI 58 198/8177 (2.4) 194/8217 (2.4) 

VERTIS CV 50/5301 (0.9) 27/2660 (1) 

CREDENCE 134/2111 (6.3) 105/2103 (5) 

DAPA-CKD 86/1390 (6.2) 70/1391 (5) 

SCORED 253/4981 (5.1) 198/4963 (4) 

EMPA-KIDNEY 43/1352 (3.2) 30/1351 (2.2) 

DAPA-HF 83/1063 (7.8) 82/1053 (7.8) 

EMPEROR-REDUCED 14/914 (1.5) 13/920 (1.4) 

EMPEROR-PRESERVED 28/1436 (1.9) 28/1442 (1.9) 

DELIVER 14/1367 (1) 12/1378 (0.9) 

SGLT2i: sodium glucose cotransporter-2 inhibitor. GLP-1RA: glucagon-like peptide-1 

receptor agonist. 
 

 


