
HAL Id: hal-03237043
https://hal.univ-lorraine.fr/hal-03237043

Submitted on 26 May 2021

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.

Distributed under a Creative Commons Attribution - NonCommercial 4.0 International License

Cardio/Kidney Composite End Points: A Post Hoc
Analysis of the EMPA-REG OUTCOME Trial

João Pedro Ferreira, Bettina Johanna Kraus, Isabella Zwiener, Sabine Lauer,
Bernard Zinman, David H Fitchett, Audrey Koitka-Weber, Jyothis T George,

Anne Pernille Ofstad, Christoph Wanner, et al.

To cite this version:
João Pedro Ferreira, Bettina Johanna Kraus, Isabella Zwiener, Sabine Lauer, Bernard Zinman, et al..
Cardio/Kidney Composite End Points: A Post Hoc Analysis of the EMPA-REG OUTCOME Trial.
Journal of the American Heart Association, 2021, 10 (7), pp.e020053. �10.1161/JAHA.120.020053�.
�hal-03237043�

https://hal.univ-lorraine.fr/hal-03237043
http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/
https://hal.archives-ouvertes.fr


Journal of the American Heart Association

J Am Heart Assoc. 2021;10:e020053. DOI: 10.1161/JAHA.120.020053� 1

 

BRIEF COMMUNICATION

Cardio/Kidney Composite End Points: 
A Post Hoc Analysis of the EMPA-REG 
OUTCOME Trial
João Pedro Ferreira , MD, PhD; Bettina Johanna Kraus , MD; Isabella Zwiener, PhD; Sabine Lauer, PhD, MSc;  
Bernard Zinman, MD; David H. Fitchett, MD; Audrey Koitka-Weber, PhD; Jyothis T. George, MBBS, PhD;  
Anne Pernille Ofstad , MD; Christoph Wanner, MD; Faiez Zannad , MD, PhD

BACKGROUND: Cardio/kidney composite end points are clinically relevant but rarely analyzed in cardiovascular trials. This post 
hoc analysis of the EMPA-REG OUTCOME (Empagliflozin Cardiovascular Outcome Event Trial in Type 2 Diabetes Mellitus 
Patients) trial evaluated cardio/kidney composite end points by 2 statistical approaches.

METHODS AND RESULTS: A total of 7020 patients with type 2 diabetes mellitus and established cardiovascular disease were 
treated with empagliflozin 10 or 25 mg (n=4687) or placebo (n=2333) on top of standard care. Cardio/kidney composite end 
points studied were: (1) cardiac or kidney death, kidney failure, hospitalization for heart failure, sustained decline in estimated 
glomerular filtration rate ≥40% from baseline, or sustained progression to macroalbuminuria; (2) cardiac or kidney death, 
kidney failure, hospitalization for heart failure, or sustained estimated glomerular filtration rate decline ≥40% from baseline; 
and (3) cardiac or kidney death, kidney failure, hospitalization for heart failure, or sustained doubling in serum creatinine from 
baseline. Cox regression using time-to-first-event analysis and win ratio (WR) using hierarchical order of events were applied. 
Empagliflozin reduced the risk of all cardio/kidney composites. The results varied only slightly between Cox and WR (eg, com-
posite 1: hazard ratio, 0.56 [95% CI, 0.49–0.64]; WR, 1.76 [95% CI, 1.53–2.02]. WR prioritizes events by clinical importance; 
in particular, all fatal events are evaluated, whereas Cox regression ignores deaths when preceded by nonfatal events. Of the 
285 cardio/kidney deaths in the analysis, 44 to 56 (15%–20%), depending on the composite, occurred after a nonfatal event 
and were not evaluated in Cox regression but evaluated by the WR.

CONCLUSIONS: By considering the clinical relevance of different event types, the WR represents an appropriate method to 
complement the traditional time-to-first-event analysis in cardio/kidney outcomes.

REGISTRATION: URL: https://www.clini​caltr​ials.gov; Unique identifier: NCT01131676.

Key Words: cardio/kidney composite end points ■ cardio-renal ■ empagliflozin ■ hazard ratio ■ win ratio

Composite end points (ie, incorporating 1 or more 
nonfatal plus a fatal event, usually cardiovascu-
lar death) are currently the standard approach for 

the primary analysis of most randomized controlled 
clinical trials in the cardiovascular field. In randomized 
controlled clinical trials, the treatment effect is usually 
estimated using the time-to-first-event model (eg, Cox 
model) producing a hazard ratio (HR) and respective 

95% CI.1 This approach is simple and familiar to most 
trialists and clinicians. However, in a time-to-first-event 
model, the end point components are given equal 
importance, although they might differ considerably 
in severity (ie, hospitalization versus death).2 To over-
come these limitations, Schoenfeld and Finkelstein 
developed a model that is able to combine time-to-
first-event and longitudinal measures.3 Later, Pocock 
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and colleagues adapted this approach by introducing 
the win ratio (WR), which takes into account both the 
clinical relevance and timing of the components of the 
outcome, where the most important component, usu-
ally death, is given the highest priority in the analysis.4

Commonly used combined cardiovascular end 
points usually include major adverse cardiac events 
comprising combinations of nonfatal stroke, nonfatal 
myocardial infarction, cardiovascular or hospitalization 
for heart failure (HHF), and cardiovascular death.5 To 
date, kidney outcomes have infrequently been consid-
ered as part of composite end points in cardiovascular 
randomized controlled clinical trials.6 However, cardio-
vascular and kidney disease share common risk factors 
(eg, age, diabetes mellitus, obesity, hypertension, and 
smoking), pathophysiology (eg, endothelial dysfunction, 
inflammation, and fibrosis), and have mutual clinical im-
pact.6 Therefore, such cardiovascular and kidney events 
can be combined in a cardio/kidney composite.7 The 
use of clinically meaningful cardio/kidney composites 
will increase the number of observed outcome events, 
which, assuming the same treatment effect, will reduce 
the required sample size for reaching a target power 
and decrease recruitment challenges and costs. In the 
EMPA-REG OUTCOME (Empagliflozin Cardiovascular 
Outcome Event Trial in Type 2 Diabetes Mellitus Patients) 
trial, empagliflozin reduced cardiovascular death by 
38%, hospitalization for heart failure by 35%, and inci-
dent or worsening nephropathy by 39%.5,8

The aims of the current analyses were: (1) to integrate 
cardiovascular and kidney outcomes into clinically mean-
ingful cardio/kidney composites and (2) to explore the 
WR as a potential method for the analysis of treatment 
effect, as a method that incorporates all fatal events, 
even those that occur after a nonfatal event.

The study design of the EMPA-REG OUTCOME trial 
has been previously published. Briefly, 7020 patients 
with type 2 diabetes mellitus, established cardiovas-
cular disease, and estimated glomerular filtration rate 
(eGFR; modification of diet in renal disease) ≥30 mL/
min per 1.73  m2 were randomized and treated with 
empagliflozin 10 mg, empagliflozin 25 mg (n=4687, for 
the pooled doses), or placebo (n=2333), and were ob-
served for a median of 3.1 years.5,8

METHODS
The study was approved by an institutional review 
board, and patients gave informed consent. The spon-
sor of the EMPA-REG OUTCOME trial (Boehringer 
Ingelheim) is committed to responsible sharing of 
clinical study reports, related clinical documents, and 
patient-level clinical study data. Researchers are invited 
to submit inquiries via the following website: https://tri-
als.boehr​inger​-ingel​heim.com/.

The investigation focused on 3 cardio/kidney com-
posite end points that combined clinically relevant 
cardiac and kidney outcomes and reflected the event 
profile of high-risk patients with cardiovascular disease. 
The studied composite outcomes, taking into account 
the order of event priority (ie, from highest to lowest) 
within each composite were: (1) cardiac or kidney death, 
kidney failure (KF; defined as sustained eGFR <15 mL/
min per 1.73 m2 [equation developed by the Chronic 
Kidney Disease Epidemiology Collaboration], sus-
tained initiation of continuous kidney replacement ther-
apy including transplantation), HHF, sustained decline 
in eGFR ≥40% (Chronic Kidney Disease Epidemiology 
Collaboration) from baseline, or sustained progression 
to macroalbuminuria; (2) cardiac or kidney death, KF, 
HHF, or sustained decline in eGFR ≥40% (Chronic 
Kidney Disease Epidemiology Collaboration) from 
baseline; and (3) cardiac or kidney death, KF, HHF, 
or sustained doubling of serum creatinine from base-
line. Kidney components of the composites were not 
independently adjudicated. Treatment effect of em-
pagliflozin versus placebo on these outcomes was 
analyzed using time-to-first-event Cox regression anal-
ysis and WR. The Cox models included terms for age, 
sex, geographical region, baseline glycated hemoglo-
bin, baseline eGFR, baseline body mass index, as well 
as treatment. The WR incorporated all outcomes by 
hierarchical order of importance and relative timing of 
occurrence, in terms of an event/censoring appear-
ing sooner or later, and is represented by the ratio of 
winners between the active and control groups. The 
WR can be defined as the odds that the patient on 
treatment did better than the patient on control for a 
specific outcome of interest on the basis of a pairwise 
comparison starting with the event with the highest 
clinical priority, usually death, to the lowest (eg, mac-
roalbuminuria or creatinine changes). The unmatched 
WR approach compared each patient on empagliflozin 
with each patient on placebo.4,9,10 The results of the 
3 composite end points analyzed were compared 
by each strategy (ie, WR and HR based on the Cox 
model). A favorable treatment effect of empagliflozin 
versus placebo results in an HR <1 and a WR >1. To fa-
cilitate the comparison between the 2 methods, the re-
sults are also shown as 1/HR in the Table. Cox models 
were analyzed using SAS version 9.4 (SAS Institute), 
and the WR was analyzed using the genwr function in 
the R package WWR version 1.2.2 (https://cran.r-proje​
ct.org/web/packa​ges/WWR/WWR.pdf).

RESULTS
Empagliflozin reduced the risk of all 3 cardio/kidney 
composites regardless of the applied method (eg, for 
composite 1 empagliflozin versus placebo: HR, 0.56 
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[95% CI, 0.49–0.64]; Figure 1; and WR, 1.76 [95% CI, 
1.53–2.02]; Figure 2). Composite 1 incorporated mac-
roalbuminuria and in consequence evaluated more 
events in both treatment arms and showed an in-
creased treatment effect compared with composite 2 
and 3 because of the additional effect on progression 
to macroalbuminuria.

Although it is rational to formally recognize the po-
tential of cardio/kidney composite end points, one 
must also consider the clinical relevance of the individ-
ual components. In this regard, after death, it seems 
reasonable to consider the onset of KF as more severe 
for a patient than occurrence of HHF, eGFR decline, 
or progression to macroalbuminuria. This hierarchy is 
elegantly reflected when using the WR approach as 
depicted for the individual components in Figure  2, 
whereas the time-to-first-event analysis accounts for 
more soft outcomes such as albuminuria and eGFR 
decline, but overall incorporates fewer events for most 
components (Table). Of the 285 total cardiac or kidney 
deaths, 44 to 56 (15%–20%), depending on the com-
posite, are not evaluated in the Cox regression because 
of a preceding nonfatal event in these patients but are 
included in the WR analysis (Table). Furthermore, in the 
design of cardio/kidney composite end points for fu-
ture outcomes trials, it may be important to adequately 
reflect the affected organ systems (ie, event rates cap-
turing cardiac and kidney outcomes). Interestingly, 
the suggested composites differed in this regard. In 
composite 1, most frequent first events were pro-
gression to macroalbuminuria and cardiac or kidney 

death, and event rates were balanced for cardiac and 
kidney components. However, in composite 2 and es-
pecially 3, the composite outcomes comprised more 
frequently hard cardiac than kidney events, because 
the trial population experienced few hard kidney out-
comes such as KF (Table). This effect occurred both in 
time-to-first-event and WR analyses, reflecting the low 
proportion of hard kidney outcomes in the EMPA-REG 
OUTCOME trial.

DISCUSSION
How is the WR applied in this and other studies? The 
WR is a useful method to evaluate composite outcomes 
comprising events of different clinical importance, 
even across distinct organ systems. Notwithstanding, 
it should be noted that the WR has limitations. In con-
trast to the Cox model, there are no model assumptions 
except for the hierarchy of the different components, 
and the hierarchy of the nonfatal outcomes may be 
debatable. For example, in our case, it could be ar-
gued that a doubling of serum creatinine, representing 
a 57% decline in eGFR, is as important as an HHF. One 
may also combine WR and recurrent event analysis, 
which is a topic of current research. This will then use 
information from the totality of events, but at the cost 
of increased complexity of analysis and interpretation. 
In our analyses, recurrent nonfatal events are ignored; 
only the first event per event type is evaluated. The 
WR performs separate comparisons per event type, 

Figure 1.  End point hierarchy from highest to lowest priority of ordered cardio/kidney composite end point definition.
A: Cardiac (excluding fatal stroke) or kidney death; B: KF; C: HHF; D1: sustained eGFR decline of ≥40%; D2: doubling of serum 
creatinine; E: sustained progression to macroalbuminuria. aNumber of kidney deaths=3. bKF=sustained eGFR <15 mL/min per 1.73 m2 
or sustained continuous kidney replacement therapy (including transplantation). eGFR indicates estimated glomerular filtration rate, 
equation developed by the Chronic Kidney Disease Epidemiology Collaboration; HHF, hospitalization for heart failure; and KF, kidney 
failure.

Pooled empagliflozin Placebo
Hazard ratio

(95% CI) P valuen with event/N analyzed (%), rate/1000 patient-year

Composite 1: A-C, D1, E 490/4199 (11.7), 43.1 404/2118 (19.1), 75.2 0.56 (0.49-0.64) <.0001

Composite 2: A-C, D1 261/2325 (11.2), 42.9 0.62 (0.53-0.73) <.0001

Composite 3: A-C, D2 280/4648 (6.0), 21.9 220/2325 (9.5), 35.8 0.61 (0.51-0.72) <.0001

A: Cardiac or kidney deatha 159/4687 (3.4), 11.5 126/2333 (5.4), 18.5 0.62 (0.49-0.79) <.0001

B: KFb 14/4645 (0.3), 1.1 11/2323 (0.5), 1.8 0.61 (0.28-1.35) .2227

C: HHF 126/4687 (2.7), 9.4 95/2333 (4.1), 14.5 0.65 (0.50-0.85) .0017

D1: Sustained eGFR decline ≥40% 97/4645 (2.1), 7.6 78/2323 (3.4), 12.7 0.58 (0.43-0.79) .0004
D2: Sustained doubling of serum creatinine 17/4645 (0.4), 1.3 25/2323 (1.1), 4.0 0.32 (0.18-0.60) .0003

<.0001E: Sustained progression to macroalbuminuria 166/4049 (4.1), 14.9 168/2020 (8.3), 31.9 0.45 (0.37-0.56)

0.125 0.25 0.5 1 2

344/4648 (7.4), 27.0

Favors empagliflozin Favors placebo
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starting with the event type of highest priority and only 
proceeding to the comparison of the event type of the 
next lower priority in case no clear decision could yet 
be taken. In contrast, the Cox model uses only the first 
event irrespective of importance of events. It should 
also be noted that, similar to a combined end point 
Cox model, descriptive time-to-event analyses for the 
single components should always be evaluated in ad-
dition to a WR analysis. This is because the WR does 
not evaluate the precise time-to-event but only whether 
the event occurred sooner in a patient compared with 
his/her comparator.

Of the 2 approaches to calculate the WR 
(matched-pairs versus all-pairs approach), we used 
the latter. We acknowledge that this leads to un-
fair comparisons of patients with high-risk baseline 
variables to patients with low-risk at baseline in 
both directions and, in turn, to a conservative es-
timate of treatment effect. However, the matched-
pairs approach heavily relies on an appropriately 
defined risk score for matching. This was consid-
ered challenging in our case because of the com-
bination of both cardiovascular and kidney events, 
although risk factors for kidney and cardiovascular 
risk are well known. In particular, mimicking the ap-
proach as outlined by Pocock et al.4 will likely not 
adequately reflect the risk for the combination of 

events as analyzed in the WR, because it would use 
the relative risk computed by a combined end point 
Cox regression with known kidney and cardiovas-
cular baseline risk factors as covariates. It will, in 
any case, not be a straightforward approach, would 
require additional checking of proper risk balanc-
ing, and introduces another subjective element in 
the analysis, on top of the hierarchy of events. Also, 
the WR depends on the censoring distribution of 
the components, as tied pairs are simply discarded 
from the analysis, which is especially relevant for 
composites 2 (85.6% ties) and 3 (87.8% ties) com-
pared with 79.4% ties in composite 1, whereas Cox 
regression uses censoring information from all pa-
tients. For a discussion of the application of the WR 
method across different settings in cardiovascu-
lar outcome trials, we refer to Pocock et al.4 and 
Ferreira et al.9

In conclusion, the WR considers the clinical 
relevance of different event types, and in particu-
lar, does not ignore fatal events that occur after an 
earlier nonfatal event. Thus, it represents an appro-
priate method to study cardio/kidney composite 
outcomes and may complement traditional time-to-
first-event analyses. Empagliflozin reduced the risk 
of cardio/kidney composite end points by applying 
either method.

Figure 2.  Unmatched win ratio analysis.
End point hierarchy from highest to lowest priority of ordered cardio/kidney composite end point definition. A: Cardiac (excluding 
fatal stroke) or kidney death; B: KF; C: HHF; D1: sustained eGFR decline of ≥40%; D2: doubling of serum creatinine; E: sustained 
progression to macroalbuminuria. Number (percent) of pairs winning for placebo (gray bar) or empagliflozin (red bar). Number of 
pairs in analysis: 10 934 771. Number of patient pairs (empagliflozin, placebo) for which no decision on winning can be made (ie, 
for all end points, either both patients are censored or 1 patient is censored before the other patient having an event: Composite 1: 
8 683 755 (79.4%); Composite 2: 9 360 288 (85.6%); Composite 3: 9 603 349 (87.8%). Counting 1 event/participant and type. aNumber 
of kidney deaths=3. bKF=sustained eGFR <15 mL/min per 1.73 m2 or sustained continuous kidney replacement therapy (including 
transplantation). eGFR indicates estimated glomerular filtration rate, equation developed by Chronic Kidney Disease Epidemiology 
Collaboration; HHF, hospitalization for heart failure; HR, hazard ratio; and KF, kidney failure.

183 156 (1.7%)
116 121 (1.1%)

265 524 (2.4%)
186 828 (1.7%)

34 385 (0.3%)
18 810 (0.2%)

477 226 (4.4%)
292 433 (2.7%)

1 434 761 (13.1%)
816 255 (7.5%)

960 291 (8.8%)
614 192 (5.6%)

820 306 (7.5%)
511 116 (4.7%)

Win ratio (95% CI)

1.76 (1.53-2.02)

1/HR (95% CI)

1.79 (1.56-2.04)

1.56 (1.32-1.85)

1.60 (1.34-1.93)

1.61 (1.37-1.89)

1.64 (1.39-1.96)

Composite 1: A-C, D1, E

Composite 2: A-C, D1

Composite 3: A-C, D2

A: Cardiac or kidney deatha

B: KFb

C: HHF

D1: Sustained eGFR decline ≥40% 

D2: Doubling of serum creatinine

E: Sustained progression to
E: macroalbuminuria 

Patient pairs in analysis, N = 10 934 771

Pooled empagliflozin winner
Placebo winner

474 470 (4.3%)
202 063 (1.8%)

43 171 (0.4%)
13 045 (0.1%)
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