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Abstract
Background Absolute treatment benefits—expressed as numbers needed to treat—of the glucose lowering and cardiovascular 
drugs, glucagon-like peptide-1 (GLP-1) receptor agonists and sodium-glucose transporter 2 (SGLT2) inhibitors on renal 
outcomes remain uncertain. With the present meta-analysis of digitalized individual patient data, we aimed to display and 
compare numbers needed to treat of both drugs on a composite renal outcome.
Methods From Kaplan–Meier plots of major cardiovascular outcome trials of GLP-1 receptor agonists and SGLT2 inhibitors 
vs. placebo, we digitalized individual patient time-to-event information on composite renal outcomes with WebPlotDigi-
tizer 4.2; numbers needed to treat from individual cardiovascular outcome trials were estimated using parametric Weibull 
regression models and compared to original data. Random-effects meta-analysis generated meta-numbers needed to treat 
with 95% confidence intervals (CI).
Results Twelve cardiovascular outcome trials (three for GLP-1 receptor agonists, nine for SGLT2 inhibitors) comprising 
90,865 participants were included. Eight trials were conducted in primary type 2 diabetes populations, two in a primary 
heart failure and two in a primary chronic kidney disease population. Mean estimated glomerular filtration rate at baseline 
ranged between 37.3 and 85.3 ml/min/1.73  m2. Meta-analyses estimated meta-numbers needed to treat of 85 (95% CI 60; 
145) for GLP-1 receptor agonists and 104 (95% CI 81; 147) for SGLT2 inhibitors for the composite renal outcome at the 
overall median follow-up time of 36 months.
Conclusion The present meta-analysis of digitalized individual patient data revealed moderate and similar absolute treatment 
benefits of GLP-1 receptor agonists and SGLT2 inhibitors compared to placebo for a composite renal outcome.
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Graphical Abstract

Background
Absolute treatment benefits - expressed as
numbers needed to treat (NNTs) - of glucagon-
like pep�de-1 (GLP-1) receptor agonists and
sodium-glucose transporter 2 (SGLT2) inhibitors
on renal outcomes remain uncertain.

Methods
Cardiovascular Outcome Trials of GLP-1
receptor agonist or SGLT2 inhibitor vs. placebo:

• Digitaliza�on of individual pa�ent �me-to-
event informa�on on composite renal
outcomes from Kaplan-Meier plots.

• Random effects model to generate Meta-
NNTs.

Conclusions
Moderate and similar absolute treatment benefits of GLP-1 receptor 
agonists and SGLT2 inhibitors for a composite renal outcome.
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Introduction

Type 2 diabetes mellitus (T2DM), with prevalence increas-
ing in many world regions, is a major global health issue 
[1, 2]. As a significant cause of cardiovascular disease and 
chronic kidney disease (CKD) [3, 4], T2DM is associated 
with a great burden of morbidity and mortality and sub-
sequent high socio-economic impact [5, 6]. Thus, optimal 
treatment of T2DM and associated comorbidities is crucial 
to reduce the global burden of disease.

Updated T2DM treatment guidelines promote the use 
of sodium-glucose transporter 2 (SGLT2) inhibitors as 
well as glucagon-like peptide-1 (GLP-1) receptor agonists 
in subjects at high cardiovascular risk or with known car-
diovascular disease [7, 8]. This recommendation derives 
from beneficial effects on diabetes-related cardiovascular 
as well as renal outcomes in major cardiovascular out-
come trials in subjects with T2DM [9, 10]. Subsequently, 
these glucose-lowering drugs were shown to be effective 
also in populations without T2DM. As a result, SLGT2 
inhibitors (empagliflozin and dapagliflozin) are now an 
integral part of first-line therapy in heart failure with 
reduced ejection fraction [11–14], and are the first drug 
class ever showing statistically significant reductions in 
major cardiovascular events in heart failure with pre-
served ejection fraction [15, 16]. GLP-1 receptor agonists 

(liraglutide and semaglutide) adopt an emerging role in 
specific treatment of obesity, showing sustained effects 
on weight loss in large scale trials [17].

For approval of antidiabetic therapy to treat T2DM, the 
U.S. Food and Drug Administration requires proof of non-
inferiority on the hazard ratio (HR). Therefore, the major-
ity of reports from cardiovascular outcome trials give only 
these relative effect estimates. Respective meta-analyses 
pooling data from these trials mostly report relative effects 
as well [10, 18]. In contrast, although it is recommended 
in guidelines, absolute treatment effects have rarely been 
reported in trials. Expression of absolute treatment effects 
by numbers needed to treat provides fundamental advan-
tages in evaluating the cost/benefit ratio of a drug interven-
tion. They help to clarify medical beneficial potential and 
allow evaluation of economic implications [19–21]. Since 
patient-level data from individual trials are not publicly 
available in the majority of cases, meta-analyses of abso-
lute treatment effects for time-to-event outcomes cannot 
be performed. In order to incorporate absolute treatment 
effects on renal outcomes in a comprehensive meta-anal-
ysis, we applied a validated method of digitalization of 
time-to-event information obtained from publications of 
cardiovascular outcome trials investigating GLP-1 recep-
tor agonists and SGLT2 inhibitors [22–26], as previously 
applied to cardiovascular and mortality outcomes [27, 28].
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Methods

Study selection, outcome definition, data extraction 
and quality assessment

Eligible trials comparing SGLT2 inhibitors or GLP-1 
receptor agonists to placebo were identified from the car-
diovascular outcome trial summit reports by Schnell et al. 
[29–36], annual reflections on all major randomised con-
trolled trials investigating cardiovascular outcomes in the 
field of diabetes and associated diseases. The most recent 
cardiovascular outcome trial summit report was published 
in March 2023. To identify relevant cardiovascular out-
come trials outside of the regular cardiovascular outcome 
trial summit reports, we cross-checked a well known 
expert forum report on cardiovascular outcome trials in 
T2DM by Cefalu et al. [37]. However, no additional car-
diovascular outcome trials were found. No protocol was 
pre-registered (e.g. in PROSPERO).

Full texts of cardiovascular outcome trial reports as 
well as supplementary information were searched for 
Kaplan–Meier plots depicting time-to-event information 
for a composite renal outcome. Cardiovascular outcome 
trials were excluded when no Kaplan–Meier plot for a 
composite renal outcome of SGLT2 inhibitors or GLP-1 
receptor agonists vs. placebo were retrievable. Individual 
trial definitions of composite renal outcomes as reported 
served as the primary endpoint; details are provided in 
Table 1.

Digitalization of individual patient data from 
Kaplan–Meier plots was performed using two validated 
methods [24, 25] that were applied by our group in previ-
ous work [27, 28]: WebPlotDigitizer, Version 4.2 [22] and 
the R code of Guyot et al. [23].

From original trial reports, HRs with 95% confidence 
intervals (CI) as well as trial and patient characteristics 
were extracted. Accuracy of data extractions was checked 
by one investigator and double checked by another inves-
tigator. Divergences were resolved by group discussion. 
Risk of bias was appraised by one reviewer of our group 
according to recommendations from the Cochrane Col-
laboration’s revised tool for risk of bias assessment in 
randomised trials [38].

Weibull model fit, estimates of absolute treatment 
effect, and numbers needed to treat notation

For estimation of survival functions and to achieve abso-
lute risk differences of both treatment groups, parametric 
Weibull regression models were fitted for all trials sepa-
rately [39]. For each individual trial, monthly probability 

differences (treatment–control) were estimated for being 
free of the analysed event from month 1 to the respec-
tive maximal observation time. To obtain estimates for 
monthly numbers needed to treat, these probability differ-
ences were inverted [40]. The number needed to treat is 
defined as the number of patients who need to be treated 
for a determined time interval to prevent one additional 
event in the treatment group in comparison to the placebo 
group. Hence, positive numbers needed to treat are indica-
tive that the drug is beneficial. A neutral effect of a thera-
peutic intervention, corresponding to a HR of 1, is denoted 
by a value of infinity for the number needed to treat.

Assessment of model validity

For appraisal of the validity of extracted data, comparison 
of HRs from the original papers to estimated Weibull HRs 
was carried out by calculating intra-class correlation coef-
ficients. Furthermore, we plotted the estimated Weibull sur-
vival curves along with Kaplan–Meier survival curves from 
the extracted data for graphical assessment of the fit of the 
Weibull models.

Meta‑analysis

Random-effects inverse-variance meta-analysis for each sin-
gle monthly time point was carried out separately to sum-
marise numbers needed to treat overall as well as for the 
two drug classes; all trial data were included up to longest 
available follow-up. Primarily, all computations were per-
formed on the probability difference scale. They were later 
transformed to the number needed to treat scale in order to 
display results in figures and graphs. For management and 
analysis of data, we used SAS (SAS Institute Inc., Cary, NC, 
USA), Version 9.4. All data will be made publicly available 
in an online repository after publication.

Results

Study selection

Original time-to-event information on a composite renal out-
come was retrievable from Kaplan–Meier curves of 12 major 
cardiovascular outcome trials, which were included in the 
analysis: three trials investigated GLP-1 receptor agonists 
(AMPLITUDE-O [41], LEADER [42, 43], and REWIND 
[44, 45]), nine SGLT2 inhibitors (CANVAS [46], CRE-
DENCE [47], DAPA-CKD [48], DECLARE-TIMI 58 [49], 
EMPA-KIDNEY [50], EMPA-REG [51, 52], EMPEROR-
PRESERVED [15, 53], EMPEROR-REDUCED [12, 53], 
and VERTIS-CV [54]). For all digitized Kaplan–Meier 
plots, the number of patients at risk was reported. The 
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EXSCEL trial reported results of exenatide on a compos-
ite renal outcome, however could not be included due to 
lack of Kaplan–Meier plots [55]. The SUSTAIN-6 trial was 
excluded because the extracted HRs were very far from the 
originally reported HR, suggesting methodological problems 
[56].

Study characteristics

Clinical characteristics of the cardiovascular outcome tri-
als’ study populations are listed in Table 2. In total, time-
to-event information from 90,865 patients were extracted 

and used for further analysis. Median follow-up time ranged 
from 13.0 to 63.6 months among included studies; overall 
median follow-up time was 35.8 months. All cardiovascu-
lar outcome trials featured high cardiovascular risk popula-
tions [57]. The majority of trials were conducted in subjects 
selected for T2DM, while EMPEROR-PRESERVED [15] 
and EMPEROR-REDUCED [12] primarily included indi-
viduals with heart failure. DAPA-CKD [48] and EMPA-
KIDNEY [50] were conducted in a population of subjects 
with CKD as the major inclusion criterion.

Mean estimated glomerular filtration rate (eGFR) at base-
line ranged from 37.3 to 85.3 ml/min/1.73  m2. Definitions 

Table 1  Individual trials with their definitions of composite renal outcomes

Individual trials with their definitions of composite renal outcomes
GLP-1 glucagon-like peptide 1, eGFR estimated glomerular filtration rate, NEJM New England Journal of Medicine, SGLT2 sodium glucose 
transporter 2

Study Journal and year Study drug Composite renal outcome definition

GLP-1 receptor agonists
 AMPLITUDE-O [41] NEJM 2021 Efpeglenatide Incident macroalbuminuria defined as a urine albumin-creatinine 

ratio > 33.9 mg/mmol with ≥ 30% rise from baseline, decline in eGFR 
from baseline of ≥ 40% for ≥ 30 days, renal replacement therapy 
for ≥ 90 days, or incident eGFR < 15 ml/min/1.73  m2 for ≥ 30 days

 LEADER [42, 43] NEJM 2016 Liraglutide Incident macroalbuminuria, sustained doubling of the serum creatinine 
level, eGFR of ≤ 45 mL/min/1.73m2, renal-replacement therapy with 
no reversible cause, or renal death

 REWIND [44, 45] Lancet 2019 Dulaglutide Incident macroalbuminuria defined as a urine albumin-creatinine 
ratio > 33.9 mg/mmol, sustained decline in eGFR from baseline 
of ≥ 30%, or renal replacement therapy

SGLT2 inhibitors
 CANVAS [46] NEJM 2017 Canagliflozin Sustained doubling of serum creatinine from baseline, incident end-

stage kidney disease, or renal death
 CREDENCE [47] NEJM 2019 Canagliflozin Incident end-stage kidney disease, doubling of the serum creatinine 

level from baseline for ≥ 30 days, or renal or cardiovascular death
 DAPA-CKD [48] NEJM 2020 Dapagliflozin Decline in the eGFR from baseline of ≥ 50% for ≥ 28 days, incident 

end-stage kidney disease, or renal death
 DECLARE-TIMI58 [49] NEJM 2019 Dapagliflozin Sustained decline in the eGFR from baseline of ≥ 40% to < 60 ml/

min/1.73  m2, incident end-stage renal disease, or renal or cardiovas-
cular death

 EMPA-KIDNEY [50] NEJM 2023 Empagliflozin Sustained decline in the eGFR from baseline of ≥ 40%, sustained 
eGFR < 10 mL/min/1.73m2, incident end-stage kidney disease, or 
renal death

 EMPA-REG [51, 52] NEJM 2015 Empagliflozin Doubling of the serum creatinine, renal replacement therapy, or renal 
death

 EMPEROR-PRESERVED [15, 53] NEJM 2021 Empagliflozin Sustained decline in the eGFR from baseline of ≥ 40%, chronic renal 
replacement therapy, renal transplant, or a sustained eGFR < 15 mL/
min/1.73  m2 (for persons with baseline eGFR ≥ 30) or sustained 
eGFR < 10 mL/min/1.73m2 (for persons with baseline eGFR < 30 mL/
min/1.73m2)

 EMPEROR-REDUCED [12, 53] NEJM 2020 Empagliflozin Sustained decline in the eGFR from baseline of ≥ 40%, chronic renal 
replacement therapy, renal transplant, or a sustained eGFR < 15 mL/
min/1.73  m2 (for persons with baseline eGFR ≥ 30) or sustained 
eGFR < 10 mL/min/1.73m2 (for persons with baseline eGFR < 30 mL/
min/1.73m2)

 VERTIS-CV [54] NEJM 2020 Ertugliflozin Sustained doubling of the serum creatinine, renal replacement therapy, 
or renal death
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of composite renal endpoints were heterogeneous among 
the analysed cardiovascular outcome trials. However, all 
definitions included a pre-specified increase in serum cre-
atinine or decrease in eGFR and incident end-stage kidney 
disease or renal replacement therapy. With the exception 
of AMLPITUDE-O [41], REWIND [44, 45], EMPEROR-
PRESERVED [15], and EMPEROR-REDUCED [12], renal 
death was included in all composite renal endpoints. Risk 
of bias among all studies was low (Supplementary Table 1).

Relative and absolute treatment effect estimates

A total of 6199 (6.8%) patients experienced a composite 
renal event. Information on relative effect measures is given 
in Table 3: Original, digitalized, and Weibull HRs with 95% 
CI; absolute treatment effect estimates are reported as num-
bers needed to treat at 12, 24, 36, and 48 months. In addition, 
Fig. 1 depicts a graphical display of monthly number needed 
to treat point estimates with 95% CI for both trial drugs.

Accuracy of data extraction was assessed by a scatterplot 
(Supplementary Fig. 1) that compares the HR as reported 
from the original trial to the Weibull HR from the extracted 
data. Comparison revealed excellent correspondence indi-
cated by an intra-class correlation of 99.5% (95% CI 99.0%; 
100%). Supplementary Fig. 2 shows Kaplan–Meier survival 
curve estimates for both treatment groups in each trial along 
with the estimated survival curves from the corresponding 
Weibull models.

Meta‑analysis of absolute treatment effects

Figure 2a shows treatment efficacy of GLP1 receptor ago-
nists and SGLT2 inhibitors for the prevention of a single 
composite renal outcome on the number needed to treat 
scale: Estimated meta-numbers needed to treat were 85 (95% 
CI 60; 145) for GLP-1 receptor agonists and 104 (95% CI 
81; 147) for SGLT2 inhibitors at the overall median fol-
low-up time of 36 months. When pooling numbers needed 
to treat across both treatments, we found a meta-number 
needed to treat to prevent a single composite renal outcome 
of 65 (95% CI 51; 91) at a follow-up of 48 months (Fig. 2b).

Discussion

In the present work, we performed a comprehensive meta-
analysis of digitalized individual patient data from major 
cardiovascular outcome trials to assess absolute treatment 
effects (measured as numbers needed to treat) of GLP-1 
receptor agonists and SGLT2 inhibitors on a composite renal 
outcome. For both drug classes, we observed a similar mod-
erate absolute treatment efficacy when compared to placebo.

To improve cardiovascular outcomes, current guidelines 
encourage the use of GLP-1 receptor agonists and SGLT2 
inhibitors in subjects with T2DM as well as SGLT2 inhibi-
tors for the treatment of heart failure with the highest level 
of recommendation (Class I) [7, 58]. In subjects with T2DM 
and mild or moderate CKD, treatment with GLP-1 receptor 
agonists or SGLT2 inhibitors should be initiated, if therapy 
additional to metformin is required [58].

The majority of cardiovascular outcome trials on GLP-1 
receptor agonists and SGLT2 inhibitors report treatment 
effects as relative measures (hazard, odds, or risk ratios), 
however, these ignore the baseline risk of the population 
when used as the main measure of efficacy. Higher base-
line risk of a population is associated with higher absolute 
risk reductions, which can be achieved by an intervention, 
e.g. a drug treatment. Hence, guidelines for reporting ran-
domised trials recommend providing information on relative 
and absolute effect measures, since absolute effect measures 
provide fundamental advantages for assessment of treatment 
efficacy and cost/benefit calculations [59]. They also facili-
tate comparative analyses with other drug classes and help 
patients to appraise expected benefits.

The quality of all cardiovascular outcome trials included 
in this analysis was high. These were well-conducted 
international randomised controlled trials published in 
high-impact journals with low risk of bias (Supplemen-
tary Table 1) [38]. Although inclusion criteria and target 
populations differed, cardiovascular risk in patients of all 
trials was high: populations featured either high proportions 
of cardiovascular disease, long-term T2DM or heart fail-
ure [12, 15, 41, 42, 44, 46–51, 54]. Average renal function 
was impaired in all populations, however, mean baseline 
eGFR notably differed from substantial CKD (< 60 mL/
min/1.73  m2 in CREDENCE [47], DAPA-CKD [48], and 
EMPA-KIDNEY [50] to only mild renal impairment (60 to 
89 mL/min/1.73  m2) in the other cardiovascular outcome 
trials [12, 15, 41, 42, 44, 46, 49, 51, 54]. Subjects with a 
lower eGFR are at higher risk for progression of kidney 
disease, indicating a baseline heterogeneity of renal risk in 
the analysed populations [60]. This emphasises the impor-
tance of looking at relative as well as absolute treatment 
effects. Relative treatment effects (HRs) for a composite 
renal outcome were comparable in CANVAS (0.60) [46], 
CREDENCE (0.66) [47], and DAPA-CKD (0.56) [48], but 
differed markedly on the number needed to treat scale: The 
3-year meta-number needed to treat in CANVAS was 110, 
but 25 in CREDENCE; the 2-year meta-number needed to 
treat was 192 in CANVAS, but 23 in DAPA-CKD—indicat-
ing a substantially higher absolute efficacy in higher-risk 
patient populations.

Compared to the efficacy of SGLT2 inhibitors on hospital-
isation for heart failure in DAPA-HF [11, 27] (2-year meta-
number needed to treat of 21) and EMPEROR-REDUCED 
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Fig. 1  Numbers needed to treat in individual trials. Time-dependent 
numbers needed to treat (NNTs) over trial follow-up time for indi-
vidual trials with their pointwise 95% confidence intervals (yellow: 

GLP-1 receptor agonists, red: SGLT2 inhibitors), Estimates and con-
fidence intervals are truncated from above at 100,000

Fig. 2  Meta-Analysis of numbers needed to treat. Random-effects 
inverse-variance meta-analysis of numbers needed to treat (Meta-
NNTs, with 95% CI) over trial follow-up time. a Data were pooled 
from trials according to GLP-1 receptor agonists (yellow) or SGLT2 

inhibitors (red) study drugs. b data were pooled from all trials, 
regardless of the tested study drug. Estimates and confidence inter-
vals are truncated from above at 100,000 (a) and 10,000, respectively
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[12, 27] (2-year meta-number needed to treat of 15), the 
present analysis revealed only moderate absolute beneficial 
treatment effects of GLP-1 receptor agonists (36-month 
meta-number needed to treat of 85) and SGLT2 inhibitors 
(36-month meta-number needed to treat of 104) for a com-
posite renal outcome. Whereas SGLT2 inhibitors are pref-
erable over GLP-1 receptor agonists in heart failure with 
or without T2DM due to results from specific heart failure 
trials and current guideline recommendations, our analysis 
could not identify a greater advantage for either drug class 
regarding composite renal outcomes. However, appraisal of 
clinical relevance of a drug class in different populations 
based on comparing treatment efficacy for different out-
comes is difficult and should not guide clinical decisions.

Type 2 diabetes mellitus is the leading cause of CKD 
[60]. It is associated with high morbidity/mortality burden 
and health expenditures [61]. There has been discussion 
about optimal selection of clinically relevant endpoints in 
trials to assess kidney-specific drug efficacy [62, 63]. Inci-
dent end-stage kidney disease or need for renal replacement 
therapy is without doubt a very serious clinical condition. 
Treatment of patients with end-stage kidney disease or 
renal transplantation is complex, logistically challenging, 
and causes substantial health expenditures [64–67]. Among 
cardiovascular outcome trials in T2DM, incident end-stage 
kidney disease is rare with event proportions of less than 
one percent, which generates the need to evaluate a compos-
ite outcome for renal drug efficacy in trials with reasonable 
sample size and duration of follow-up [68]. A decline of kid-
ney function to a non-end-stage extent (measured as increase 
in serum creatinine or decline in eGFR) is the additional 
outcome that was included in all of the composite endpoints 
of cardiovascular outcome trials in the present analysis. 
However, definitions ranged from sustained ≥ 30% decline in 
eGFR (REWIND [44]) to doubling of serum creatinine [43, 
46, 47, 52, 54], which approximates a 57% decline in eGFR 
and is a long-established kidney outcome, which is highly 
predictive of end-stage kidney disease (Table 1) [69]. The 
threshold of ≥ 40% eGFR decline, as applied in five cardio-
vascular outcome trials of the present analysis [12, 15, 41, 
49, 50], was a reliable predictor of end-stage kidney disease 
or the traditional doubling of serum creatinine (HR ~ 20 over 
a median follow-up of two years) [70], whereas the associa-
tion of a threshold of ≥ 30% serum creatinine increase was 
less strong (HR ~ 9). Hence, despite heterogeneity among 
composite renal outcome definitions, we assume all singular 
composite endpoint definitions include clinically meaningful 
outcomes suitable to assess kidney-specific treatment ben-
efits in clinical trials (Table 1).

Renal pathogenesis includes inflammatory, humoral, 
metabolic and oxidative stress factors as well as macro- 
and microvascular disease [71]. Together with blood pres-
sure reduction [72], intensive glycaemic control showed 

beneficial effects on diabetic kidney disease [73]. Met-
formin, the long-term first choice for treating people with 
T2DM has a 10-year number needed to treat of ~ 10–20 
for major cardiovascular or diabetes-related endpoints [74, 
75]. Due to consistent treatment effects of GLP-1 receptor 
agonists and SGLT2 inhibitors on major adverse cardiovas-
cular events, and of SGLT2 inhibitors on renal endpoints 
with and without concomitant metformin use [76, 77], 
recent concepts have promoted the use of GLP1-receptor 
agonists and SGLT2 inhibitors in subjects with T2DM and 
CKD regardless of metformin administration [78]. However, 
the nephroprotective potential of GLP-1 receptor agonists 
and SGLT2 inhibitors is not limited to improved glycae-
mic control. Several indirect (e.g. blood pressure in SGLT2 
inhibitors, weight loss in GLP-1 receptor agonists) and direct 
effects on the kidney have been reported (e.g. improvement 
of intrarenal haemodynamics or prevention of ischaemic 
and oxidative damage in SGLT2 inhibitors) [79, 80]. Posi-
tive results of DAPA-CKD [48] and EMPA-Kidney [50], 
the two large scale randomised controlled trials of SGLT2 
inhibitors in subjects with pre-existing impaired renal func-
tion as the primary inclusion criterion, encourage the use of 
SGLT2 inhibitors in individuals with kidney disease regard-
less of coexisting T2DM. Similar trials of GLP-1 receptor 
agonists are currently not available. However, according to 
our results, they may represent an important area of future 
research.

In addition to previous analyses of other outcomes, this 
study now shows meta-analysed absolute effects of these 
drug classes regarding number needed to treat for a compos-
ite renal outcome. Ludwig et al. reported numbers needed to 
treat for major adverse cardiovascular events [40] and Davies 
et al. analysed a primary composite outcome and all‐cause 
mortality [81]. Our group previously analysed the trials´ pri-
mary outcomes, all-cause and cardiovascular mortality, as 
well as hospitalisation for heart failure [27, 28]. Although 
other groups used different digitalization tools and statistical 
methods, results for the analysed outcomes were compara-
ble, which demonstrates that the method of digitalization of 
individual patient data to assess absolute treatment effects 
is valid and reliable, especially for cardiovascular outcome 
trials.

Due to our prespecified selection criteria, no systematic 
literature review was conducted. Trial selection for our 
meta-analysis relied on a shared definition of cardiovas-
cular outcome trials as reported in the annual cardiovas-
cular outcome trial summit reports [29–35] and thus the 
most important studies in the field were included; how-
ever, we cannot rule out that smaller non-cardiovascular 
outcome trial studies with renal outcomes may have been 
overlooked. The exclusion of trials (e.g. EXSCEL) due 
to lack of Kaplan–Meier plots may also have introduced 
bias. Differences in characteristics and design of included 



318 Journal of Nephrology (2024) 37:309–321

cardiovascular outcome trials introduce heterogeneity, a 
general limitation of meta-analyses requiring a cautious 
interpretation of results. Within the present work, hetero-
geneity derives from differences in baseline kidney func-
tion, heterogeneous baseline risk for the analysed outcome 
as well as differences in definitions of the outcomes among 
individual trials, all of which may introduce bias. How-
ever, we believe all composite renal outcome definitions 
among the included cardiovascular outcome trials to be 
clinically meaningful and suitable to assess drug efficacy.

Additionally, computations within the present work 
rely on digitalized individual patient outcomes and fit-
ted Weibull models not including original patient data, 
which introduces risk of differences between original and 
extracted event counts (Supplementary Table 2) and does 
not allow appropriate interaction analyses. Therefore, no 
further insight into associations of patient characteristics 
with outcomes other than the analysed composite outcome 
can be obtained. The inability to perform subgroup analy-
ses prevents the identification of effect modifiers. How-
ever, lack of access to individualised patient data renders 
the method of data digitalization unavoidable to perform 
the present analysis of absolute treatment effects. Sensi-
tivity analyses, in the form of assessment of the Weibull 
curves (direct origin of estimated number needed to treat) 
fit, show excellent alignment to extracted data (Supple-
mentary Fig. 2), which strongly indicates the validity of 
the applied methods.

Conclusions

The present meta-analysis of digitalized individual patient 
data revealed moderate and similar absolute treatment 
benefits of GLP-1 receptor agonists and SGLT2 inhibitors 
compared to placebo for a composite renal outcome.
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