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ABSTRACT: Patients with chronic cardiovascular or metabolic diseases, 
including diabetes, hypertension, obesity, and heart failure, often 
have comorbid kidney disease. Long-term outcomes are worse in 
the setting of both cardiac and kidney disease compared with either 
disease in isolation. In addition, the clinical presentations of certain 
acute cardiovascular events (such as heart failure) and worsening 
kidney function overlap and may be challenging to distinguish. 
Recently, certain novel treatments have demonstrated beneficial 
effects on both cardiac and kidney outcomes. Sodium-glucose 
cotransporter-2 inhibitors have exhibited concordant risk reduction 
and clinically important benefits in chronic kidney disease with and 
without diabetes, diabetes and established cardiovascular disease or 
multiple atherosclerotic vascular disease risk factors, and heart failure 
with reduced ejection fraction with and without diabetes. Primary 
trial results have revealed that sacubitril-valsartan therapy improves 
cardiovascular outcomes in patients with chronic heart failure with 
reduced ejection fraction and post hoc analyses suggest favorable 
kidney effects. A concordant pattern of kidney benefit with sacubitril-
valsartan has also been observed in chronic heart failure with preserved 
ejection fraction. Given the complex interplay between cardiac and 
kidney disease and the possibility that treatments may show concordant 
cardio-kidney benefits, there has been recent interest in formally 
acknowledging, defining, and using composite cardio-kidney outcomes 
in future cardiovascular trials. This review describes potential challenges 
in use of such outcomes that should be considered and addressed 
before their incorporation into such trials.

Challenges of Cardio-Kidney Composite 
Outcomes in Large-Scale Clinical Trials
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have been frequently incorporated into the study 
designs of cardiovascular clinical trials. In the 

current era, composite end points are commonly used 
to bolster the number of captured events and provide 
a broader assessment of efficacy or safety of a therapy. 
Years ago, composite outcomes were used to evaluate 
therapies in the setting of acute myocardial infarction 
(MI).1,2 To accelerate the study of potential therapies 
for acute MI and also to account for multiple types of 
events across a similar mechanistic pathway (eg, nonfa-
tal MI and stroke), a combination of outcomes was pro-
posed and ultimately incorporated into cardiovascular 
clinical trials. Since then, the global landscape of cardio-
vascular disease has shifted from predominantly athero-
sclerotic disease toward several growing cardiovascular 
and metabolic epidemics, including heart failure (HF), 
obesity, and diabetes. It has become recognized that 
a few select cardiovascular therapies possess kidney 
as well as cardiovascular benefits. However, traditional 
cardiovascular composite outcomes do not capture this 
full scope of clinical benefit. To date, kidney outcomes 
have infrequently been considered as components of 
primary composite outcomes in cardiovascular clinical 
trials for several reasons, most importantly because of 
the analytic challenges that arise with their use in com-
posite outcomes. Despite this, there has been interest 
in the use of a composite of cardiovascular and kidney 
events in future large-scale clinical trials.3 This review 
aims to describe potential challenges with the use of 
cardio-kidney composite outcomes that should be con-
sidered and addressed before their incorporation into 
such trials.

TRADITIONAL COMPOSITE 
OUTCOMES IN CARDIOVASCULAR 
CLINICAL TRIALS
Traditionally, composite outcomes in cardiovascular 
clinical trials have been focused narrowly on cardio-
vascular events, regardless of the trial population. The 
composite outcome should capture clinically meaning-
ful outcome events while increasing the power of the 
study to assess the effect of a treatment. Thus, the 
composite outcome should be sensible and tailored to 
the treatment being studied. For example, the most 
commonly used combined cardiovascular outcome in 
trials of drugs that affect atherosclerosis or thrombo-
sis is termed major adverse cardiac events and usually 
includes nonfatal stroke, nonfatal MI, and cardiovas-
cular death. Depending on the study population, the 
composite outcome of major adverse cardiac events is 
typically tailored to enrich for mechanistically related 
events. For example, stent thrombosis, hospitaliza-
tion for unstable angina, and revascularization have 

occasionally been added to the major adverse cardiac 
events outcome in trial populations of ischemic heart 
disease.4 In trials where the treatment is thought to 
alter physiologic pathways related to mechanical or 
electric failure of the heart (eg, HF trials), the most 
commonly used end point is a composite outcome of 
the first HF hospitalization or cardiovascular death. To 
capture the treatment effect on the total burden of HF 
hospitalizations, recurrent HF events have been recent-
ly incorporated in HF with preserved ejection fraction 
trials.5 Whereas traditional composite outcomes may 
aim to be mechanistically related, they may be more 
heterogeneous if the expected effect of therapy may 
influence a broad variety of cardiovascular outcomes.

RISE OF CARDIO-KIDNEY COMPOSITE 
OUTCOMES
Several intersecting lines of evidence have increased 
the scientific interest in cardio-kidney composite out-
comes (Figure  1). First, the coexistence of both dis-
ease states is relatively common. Patients with chronic 
kidney disease (CKD) often have other cardiovascular 
conditions, such as HF, hypertension, and diabetes.6–10 
Furthermore, >50% of deaths in CKD are cardiovas-
cular in nature and the coexistence of cardiovascular 
disease and CKD is associated with worse prognosis. 
For instance, in chronic HF, kidney disease is a frequent 

Figure 1. Rationale for recent scientific interest in composite cardio-
kidney outcomes.
CKD indicates chronic kidney disease; and HF, heart failure.
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comorbidity, and the occurrence of worsening kidney 
function may be associated with an increase in risk of 
adverse long-term clinical outcomes.11 Furthermore, 
certain cardiovascular and kidney events have overlap-
ping clinical presentations, which creates challenges 
in discriminating events in the adjudication process. 
For example, in a patient with stage 4 CKD who pres-
ents with progressive dyspnea, evidence of pulmonary 
edema, and rise in serum creatinine, it may be difficult 
to differentiate a hospitalization for volume overload 
in the setting of kidney disease from a traditional HF 
hospitalization event.12

Recently, certain pharmacotherapies have shown 
concordant benefit within both organ systems. For ex-
ample, in the CREDENCE trial (Evaluation of the Effects 
of Canagliflozin on Renal and Cardiovascular Outcomes 
in Participants With Diabetic Nephropathy), treatment 
with the sodium-glucose cotransporter-2 inhibitor 
canagliflozin reduced both major adverse cardiac and 
kidney events compared with placebo among patients 
with type 2 diabetes and albuminuric CKD.13 In EMPA-
REG OUTCOME (Empagliflozin Cardiovascular Out-
come Event Trial in Type 2 Diabetes Mellitus Patients), 
empagliflozin reduced cardiac events in patients with 
diabetes and established cardiovascular disease, and 
post hoc analyses suggested benefits in reducing kid-
ney events.14,15 In the primary results of the PARADIGM-
HF trial (Prospective Comparison of ARNI With ACEI to 
Determine Impact on Global Mortality and Morbidity 
in Heart Failure), sacubitril-valsartan demonstrated ben-
eficial effects on cardiovascular outcomes in patients 
with HF with reduced ejection fraction, and, in post 
hoc analyses, sacubitril-valsartan led to a slower rate 
of decline in estimated glomerular filtration rate (eGFR) 
as compared with enalapril.16,17 Similarly, in PARAGON-
HF (Prospective Comparison of ARNI With ARB Global 
Outcomes in Heart Failure With Preserved Ejection Frac-
tion), the incidence of a kidney composite outcome was 
lower in the sacubitril-valsartan as compared with the 
valsartan arm.5,18 In aggregate, because of the frequent 
coexistence between these cardiac and kidney disease 
states, the overlapping clinical presentations of cardiac 
and kidney events, and the recently demonstrated ef-
fect of certain select medical therapies on disease pro-
gression within both organ systems, some have pro-
posed primary cardio-kidney composite outcomes in 
future trials of cardiovascular therapies.

Features of a Reasonable Composite 
Outcome
A composite outcome comprises 2 or more distinct 
component end points (Table 1).19 The individual com-
ponent outcomes should be clinically relevant and, ide-
ally, of clinical importance to patients. This is specifically 
important in the case of kidney component outcomes, 

as both clinical and laboratory-based kidney outcomes 
are frequently used. In the case of cardio-kidney out-
comes, the onset of end-stage kidney disease (itself a 
composite, often defined as receipt of chronic dialysis, 
transplantation, or a sustained eGFR <15 mL/min/1.73 
m2) serves as a watershed event, and thus could be con-
sidered as a component of a cardio-kidney composite 
outcome. Analyses of observational studies, random-
ized controlled trials, and simulation-based data have 
supported the use of a marked and sustained decline 
in eGFR (such as a confirmed ≥40% decline in eGFR) as 
a surrogate end point in trials of CKD.20,21 Hence, such 
events have often been included as a component of 
a kidney composite end point. There are several other 
biomarker-based kidney outcomes that have been used 
in previous clinical trials, which have been summarized 
in a recent report from the National Kidney Founda-
tion, Food and Drug Administration, and European 
Medicines Agency.22 A proposed hierarchy of such kid-
ney outcomes has also been outlined,22–24 which may 
be particularly useful to determine specific biomarker-
based outcomes that have been accepted and validated 
as surrogate end points for use in future trials using 
cardio-kidney composite outcomes.

HISTORY OF CARDIO-KIDNEY 
COMPOSITE OUTCOMES: A MIXED 
EXPERIENCE
Cardio-kidney composite outcomes have been used 
previously in a small number of outcome trials in vari-
ous populations with mixed results. The trials that have 
previously used such composites serve as important les-
sons for the future use of cardio-kidney composite out-
comes across specific trial populations.

Diabetic and Nondiabetic CKD
Given the prevalence of cardiovascular disease in pa-
tients with CKD, trials in patients with CKD have tradi-
tionally been most likely to use composite cardio-kidney 
outcomes (Table 2). ALTITUDE (Aliskiren Trial in Type 2 

Table 1. Properties of a Reasonable Composite Outcome

Feature*

Comprising 2 or more distinct, component outcomes

Used in cases when an individual outcome lacks statistical power

Individual component outcomes are relatively similar in their clinical impor-
tance to patients

Components of a composite should be biologically and mechanistically 
related

There are consistent relative risk reductions across individual outcomes

*Characteristics do not need to be universally true for all composite out-
comes, and several examples of cardiovascular composite outcomes in clinical 
trials do not meet any of the listed characteristics.
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Table 2. Cardiovascular Trials Incorporating Primary Cardio-Kidney Composite Outcomes or Coprimary Cardio-Kidney Outcomes

Trial Study population Intervention N

Type of 
compos-
ite out-
come Primary composite outcome Primary results

Chronic kidney disease

 ALTITUDE25 Type 2 diabetes and 
evidence of albumin-
uria or cardiovascular 
disease

Aliskiren 300 mg 
daily versus placebo

8561 Efficacy Death from cardiovascular 
causes or cardiac arrest, nonfa-
tal myocardial infarction, nonfa-
tal stroke, heart failure hospital-
ization, ESKD, death secondary 
to kidney failure, need for RRT, 
or sustained doubling of serum 
creatinine above normal

Aliskiren did not reduce the 
primary composite com-
pared with placebo (HR, 
1.08 [95% CI, 0.98–1.20]; 
P=0.12)

  CRE-
DENCE13

Type 2 diabetes and 
CKD (eGFR 30 to 90 
mL/min/1.73 m2 and 
UACR >300 mg/g)

Canagliflozin 100 mg 
daily versus placebo

4401 Efficacy ESKD (dialysis, kidney trans-
plant, eGFR <15 mL/min/1.73 
m2), sustained doubling of 
serum creatinine, or death from 
renal or cardiovascular disease

Canagliflozin reduced 
primary composite com-
pared with placebo (HR, 
0.70 [95% CI, 0.59–0.82]; 
P=0.00001)

  EMPA-
KIDNEY

CKD (eGFR 20 to <45 
mL/min/1.73 m2 or ≥45 
to <90 mL/min/1.73 
m2 with UACR ≥200 
mg/g)

Empagliflozin versus 
placebo

6000 Efficacy Kidney disease progression 
(ESKD, sustained eGFR <10 
mL/min/1.73 m2, renal death, 
or sustained decline of eGFR 
≥40% from baseline) or cardio-
vascular death

Ongoing

 DAPA-CKD26 eGFR 25 to 75 mL/
min/1.73 m2, UACR 
200 to 5000 mg/g, 
and maximally toler-
ated ACEi or ARB

Dapagliflozin versus 
placebo

4304 Efficacy Kidney disease progression 
(≥50% sustained decline in 
eGFR or reaching ESKD), cardio-
vascular death or renal death

Dapagliflozin reduced 
primary composite com-
pared with placebo (HR, 
0.61 [95% CI, 0.51–0.72]; 
P<0.001)

Acute heart failure

  CARRESS-
HF27

Acute heart failure 
with worsened kidney 
function and evidence 
of persistent conges-
tion

Ultrafiltration versus 
stepped pharmaco-
logic therapy

188 Efficacy + 
safety

Change in serum creatinine 
and change in weight (bivariate 
response)

Ultrafiltration was inferior 
to pharmacologic therapy in 
bivariate outcome because 
of increase in creatinine 
in  ultrafiltration group 
(P=0.003)

 DOSE-AHF28 Acute symptomatic 
heart failure

Low-dose versus 
high-dose  intrave-
nous diuretic and 
intravenous bolus or 
continuous  intrave-
nous infusion diuretic

308 Efficacy + 
safety

Coprimary outcomes of global 
assessment of symptoms and 
change in serum creatinine 
from baseline

Low-dose versus high-dose 
diuretic: no difference 
in coprimary outcomes; 
bolus versus continuous: 
no difference in coprimary 
outcomes

 ROSE-AHF29 Acute heart failure 
with kidney dysfunc-
tion (eGFR 15 to 60 
mL/min/1.73 m2)

Nesiritide or low-dose 
dopamine versus 
placebo

360 Efficacy + 
safety

Coprimary outcomes: 72-hour 
cumulative urine volume and 
change in cystatin C at 72 hours

Low-dose dopamine or ne-
siritide did not have an ef-
fect on coprimary outcomes 
compared with placebo

 PROTECT30 Acute heart failure 
with dyspnea, CrCl 
20 to 80 mL/min, BNP 
>500 pg/mL or NT-
proBNP >2000 pg/mL, 
IV loop diuretic

 Intravenous rolofyl-
line

2033 Efficacy + 
safety

Evidence of improvement in 
dyspnea, death, or heart failure 
admission at 7 days, worsen-
ing symptoms or signs of heart 
failure by day 7, or worsening 
kidney function (increase of 
serum creatinine of >0.3 mg/
dL or initiation of  hemodialysis 
at day 7)

Rolofylline did not improve 
primary outcome com-
pared with placebo (OR, 
0.92 [95% CI, 0.78–1.09]; 
P=0.35)

ACEi indicates angiotensin-converting enzyme inhibitor; ALTITUDE, Aliskiren Trial in Type 2 Diabetes Using Cardiovascular and Renal Disease Endpoints (Core and 
Extension Phases); ARB, angiotensin receptor blocker; BNP, B-type natriuretic peptide; CARRESS, Effectiveness of Ultrafiltration in Treating People With Acute Decom-
pensated Heart Failure and Cardiorenal Syndrome; CKD, chronic kidney disease; CrCl, creatinine clearance; CREDENCE, Evaluation of the Effects of Canagliflozin on 
Renal and Cardiovascular Outcomes in Participants With Diabetic Nephropathy; DAPA-CKD, A Study to Evaluate the Effect of Dapagliflozin on Renal Outcomes and 
Cardiovascular Mortality in Patients With Chronic Kidney Disease; DOSE-AHF, Determining Optimal Dose and Duration of Diuretic Treatment in People With Acute 
Heart Failure; eGFR, estimated glomerular filtration rate; EMPA-KIDNEY, The Study of Heart and Kidney Protection With Empagliflozin; ESKD, end-stage kidney dis-
ease; NT-proBNP, N-terminal pro–B-type natriuretic peptide; OR, odds ratio; PROTECT, Placebo-Controlled Randomized Study of the Selective A1 Adenosine Receptor 
Antagonist Rolofylline for Patients Hospitalized With Acute Decompensated Heart Failure and Volume Overload to Assess Treatment Effect on Congestion and Renal 
Function; ROSE, Renal Optimization Strategies Evaluation in Acute Heart Failure and Reliable Evaluation of Dyspnea in the Heart Failure Network; RRT, renal replace-
ment therapy; and UACR, urine albumin–to–creatinine ratio.
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Diabetes Using Cardiovascular and Renal Disease End-
points [Core and Extension Phases]) assessed the effect 
of aliskiren, a direct renin inhibitor, in patients with type 
2 diabetes and CKD, cardiovascular disease, or both.25 
This trial used a combined cardio-kidney composite, de-
fined as a composite of the time to cardiovascular death 
or a first occurrence of cardiac arrest with resuscitation, 
nonfatal MI, nonfatal stroke, unplanned hospitalization 
for HF, end-stage kidney disease, death attributable to 
kidney failure, the need for renal replacement therapy 
with no dialysis or transplantation available or initiated, 
or a doubling of the serum creatinine level. There was 
no significant difference in the occurrence of the pri-
mary outcome in the aliskiren group compared with the 
placebo group (hazard ratio, 1.08 [95% CI, 0.98–1.20]; 
P=0.12).25 When analyzed as distinct outcomes, there 
was a trend toward a higher occurrence of cardiovascu-
lar events in the aliskiren group (13.8% versus 12.8%; 
P=0.09), whereas no difference was observed for kid-
ney events (6.0% versus 5.9% for aliskiren versus pla-
cebo; P=0.74).

More recently, the CREDENCE trial13 revealed favor-
able effects of canagliflozin on a primary combined 
cardio-kidney outcome, consisting of a composite of di-
alysis, transplantation, or a sustained eGFR of <15 mL/
min/1.73 m2, a doubling of the serum creatinine level, 
or death from kidney or cardiovascular causes. Treat-
ment with canagliflozin was associated with a signifi-
cantly decreased risk of the primary outcome (hazard 
ratio, 0.70 [95% CI, 0.59–0.82]; P<0.001).13 When as-
sessing the different components of the outcome, the 
beneficial effect of canagliflozin was consistent across 
the kidney-specific composite (hazard ratio, 0.66 [95% 
CI, 0.53–0.81]; P<0.001), as well as the cardiovascular 
secondary outcome of cardiovascular death or hospital-
ization for HF (hazard ratio, 0.69 [95% CI, 0.59–0.83]; 
P<0.001). CREDENCE builds on the growing body of 
evidence on the beneficial effect of sodium-glucose 
cotransporter-2 inhibition on both cardiovascular and 
kidney events.31,32

DAPA-CKD (A Study to Evaluate the Effect of Dapa-
gliflozin on Renal Outcomes and Cardiovascular Mor-
tality in Patients With Chronic Kidney Disease) and EM-
PA-KIDNEY (The Study of Heart and Kidney Protection 
With Empagliflozin) were designed to assess the effect 
of other sodium-glucose cotransporter-2 inhibitors on 
kidney and cardiovascular events in patients with CKD 
with and without diabetes. DAPA-CKD evaluated the 
effect of dapagliflozin in albuminuric patients with CKD 
with and without diabetes; its primary outcome was a 
cardio-kidney composite outcome of time to first oc-
currence of a ≥50% sustained decline in eGFR or reach-
ing end-stage kidney disease (defined as sustained 
eGFR <15 mL/min/1.73 m2, chronic dialysis treatment, 
or receiving a renal transplant), cardiovascular death, 
or renal death and a secondary outcome was all-cause 

death. DAPA-CKD was halted owing to overwhelming 
efficacy, because dapagliflozin demonstrated a sig-
nificant reduction in risk of the primary cardio-kidney 
composite outcome and all secondary outcomes, in-
cluding death from any cause.26 The primary outcome 
in EMPA-KIDNEY is a cardio-kidney composite outcome 
of time to first occurrence of “kidney disease progres-
sion” (end-stage kidney disease, defined as initiation of 
maintenance dialysis or receipt of a kidney transplant, 
sustained eGFR decline <10 mL/min/1.73 m2, renal 
death, or sustained decline in eGFR ≥40% from base-
line) or cardiovascular death. EMPA-KIDNEY may eluci-
date whether the cardio-kidney benefits demonstrated 
in CREDENCE and DAPA-CKD are consistent across the 
therapeutic class and whether such benefits extend to 
higher eGFR categories of CKD (up to eGFR of 90 mL/
min/1.73 m2 [in the presence of albuminuria] and to a 
cohort without albuminuria).

In the primary composite outcomes of CREDENCE, 
EMPA-KIDNEY, and DAPA-CKD, the only cardiovascu-
lar event included in the composite is cardiovascular 
death, the most common mode of death in patients 
with CKD. There has been recent interest in including 
nonfatal cardiovascular events (eg, HF hospitalization, 
MI, and stroke) in addition to kidney events to cardio-
kidney composite outcomes as was done in ALTITUDE.3

Acute HF
Several trials in acute HF have incorporated kidney 
outcome measures as part of combined primary ef-
ficacy and safety outcomes (Table 2). Such composite 
outcomes were initially incorporated because of clini-
cal concern that decongestive therapies may come at a 
cost of acute worsening of kidney function. Although 
combining safety (ie, the harms of a therapy) and ef-
ficacy end points into an aggregate outcome has been 
common in acute HF trials, it important to note the dif-
ference between small, transient changes in creatinine 
and marked or irreversible changes in kidney function. 
The latter may reflect clinically significant acute injury to 
the kidney or the onset or progression of CKD, but the 
clinical significance of the former is less clear. Transient 
increases in creatinine during decongestion for acute 
HF may not be associated with adverse long-term prog-
nosis and may indeed signify adequate decongestion,33 
limiting the usefulness of this type of outcome as a safe-
ty or efficacy metric. One example of an acute HF trial 
that incorporated transient changes in creatinine in its 
composite was PROTECT (Placebo-Controlled Random-
ized Study of the Selective A1 Adenosine Receptor An-
tagonist Rolofylline for Patients Hospitalized With Acute 
Decompensated Heart Failure and Volume Overload to 
Assess Treatment Effect on Congestion and Renal Func-
tion).30 In this trial, the cardio-kidney outcome includ-
ed a composite of treatment success (improvement in 
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dyspnea) and treatment failure (death or HF admission 
at 7 days, worsening symptoms or signs of HF by day 
7, or worsening kidney function, defined as an increase 
from randomization to day 7, confirmed at day 14, of 
serum creatinine of >0.3 mg/dL or initiation of hemo-
dialysis at day 7). Such individual components may be 
considered of markedly different clinical significance to 
patients. Although rolofylline improved dyspnea com-
pared with placebo in PROTECT, it was not beneficial 
with respect to the primary composite outcome (odds 
ratio, 0.92 [95% CI, 0.78–1.09]) because of worsening 
kidney function (12.7% versus 11.1%).30 Whereas the 
effect of the drug under investigation may have been 
superior with respect to a cardiovascular efficacy out-
come, the neutral results of the study may have been 
largely driven by inclusion of the change in creatinine, a 
component of unclear clinical significance.34

Chronic HF
The most common composite outcome in chronic HF 
clinical trials comprises cardiovascular death and HF hos-
pitalization. There have been no trials of chronic HF that 
have used primary cardio-kidney composite outcomes. 
Many evidence-based therapies for HF have pharmaco-
dynamic effects on eGFR and can reduce eGFR in pa-
tients with HF. However, such changes in kidney func-
tion do not necessarily indicate true injury to the kidney 
and may not be deleterious in the short or long term. In 
CONSENSUS (Cooperative North Scandinavian Enalapril 
Survival Study) and SOLVD (Studies of Left Ventricular 
Dysfunction), patients with HF who received enalapril 
had statistically significant increases in creatinine levels 
compared with placebo and an increase in kidney ad-
verse events.35,36 In chronic HF, cardio-kidney composite 
outcomes should ideally capture longer-term events of 
clinical importance, rather than transient changes in 
kidney function of uncertain clinical significance. How 
best to define such outcomes remains unclear, making 
it challenging to use cardio-kidney composite outcome 
in trials of chronic HF. Analyses of data from recently 
completed and future HF trials should be conducted to 
better understand this issue.

SPECIFIC CHALLENGES OF CARDIO-
KIDNEY COMPOSITE OUTCOMES
The use of composite clinical outcomes has become 
increasingly common across cardiovascular clinical tri-
als. From 2011 to 2016, there were 140 published car-
diovascular clinical trials in prominent medical journals 
that used primary composite clinical outcomes.37 On a 
recent search query of ClinicalTrials.gov, >200 unpub-
lished, registered phase 3 cardiovascular clinical trials 
had primary outcomes that were composite in nature.37 

The growth of composite clinical outcomes has been 
accompanied by unique challenges for trialists, statisti-
cal analysts, and clinicians. Whereas the challenges of 
using cardio-kidney composite outcomes mirror those 
of any composite outcome, there remain several spe-
cific considerations (Figure 2).

Composite Outcomes to Assess “Net 
Clinical Benefit”
Kidney events have traditionally been incorporated in 
cardiovascular trials as part of safety outcomes given 
the hemodynamic effects of many previously investi-
gated therapies on kidney function. As such, common 
safety outcomes have included hyperkalemia or rise in 
serum creatinine. Some have proposed a composite 
cardio-kidney outcome comprising both efficacy and 
safety components to evaluate net clinical benefit of 
cardiovascular efficacy and kidney safety; however, 
such composites are often difficult to interpret because 
the kidney and cardiovascular components are not of 
similar clinical importance.

Composite Outcomes to Assess Kidney 
and Cardiovascular Benefits
Whereas some therapies may possess both kidney and 
cardiovascular benefits, it can be challenging to assess 
such effects in a composite outcome. One key issue is 
that the kidney events of greatest clinical importance 
are often infrequent and late events in cardiovascu-
lar trials specifically, whereas cardiovascular events 
manifest earlier. Hence, in many cardiovascular trials, 
kidney events would not be expected to contribute in 
a meaningful way to the composite outcome results 
unless a trial is of sufficient power and follow-up to 
evaluate both short- and long-term clinical events (eg, 
CARMELINA [Cardiovascular and Renal Microvascular 
Outcome Study With Linagliptin in Patients With Type 
2 Diabetes Mellitus]).38 To address this issue, the win 
ratio is a statistical approach that attempts to analyze 
composite outcomes when the individual components 
are of varying clinical importance. Such analyses allow 
for investigators to choose the order of components 
on the basis of clinical importance, which are then 
given a higher priority in the analysis.39,40 However, 
the order of events based on clinical importance may 
be especially challenging when combining both car-
diovascular and kidney outcomes as opposed to rank-
ing either sets of outcomes in isolation. For example, 
in a trial of chronic HF, it is unclear whether a HF hos-
pitalization or sustained decline in eGFR is more clini-
cally important, as both events are associated with 
high subsequent 1-year mortality, and although one 
event is defined by a change in a laboratory measure, 
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it is capturing irreversible loss of function of a vital 
organ.6,41 Furthermore, the win ratio cannot address 
another major concern in cardio-kidney composite 
outcomes, which is the potential for heterogeneity of 
treatment effects across the kidney and cardiovascu-
lar components of the composite. Outcome weight-
ing has been proposed to assist in the interpretation 
of composites. However, weighting is a subjective 
process, and weighting does not address the rarity of 
hard kidney events. A competing risk analysis to ac-
count for the potential of noncardiovascular or non-
renal death would not fully address these concerns 
related to cardio-kidney composite outcomes.

Given these issues, alternative strategies for evaluat-
ing the cardiac and kidney events benefits of therapies 
may be more sensible in many settings. Such strategies 
include specifying a cardiovascular composite as the 
primary outcome and kidney outcomes as distinct, pre-
specified secondary outcomes in cardiovascular trials. To 
date, this has been perhaps the most commonly used 
approach. HF trials such as PARADIGM-HF,17 PARAGON-
HF,5 DAPA-HF (Study to Evaluate the Effect of Dapa-
gliflozin on the Incidence of Worsening Heart Failure 
or Cardiovascular Death in Patients With Chronic Heart 
Failure),42 and the EMPEROR trial program (EMPEROR-
Reduced [Empagliflozin Outcome Trial in Patients With 

Figure 2. Challenges of cardio-kidney composite outcomes in trial design.
eGFR indicates estimated glomerular filtration rate; ESKD, end-stage kidney disease; and SGLT2, sodium-glucose cotransporter-2.
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Chronic Heart Failure With Reduced Ejection Fraction] 
and EMPEROR-Preserved [Empagliflozin Outcome Trial 
in Patients With Chronic Heart Failure With Preserved 
Ejection Fraction])43,44 and diabetes trials such as EMPA-
REG OUTCOME,14 CANVAS (Canagliflozin Cardiovascu-
lar Assessment Study),31 and DECLARE-TIMI 58 (Multi-
center Trial to Evaluate the Effect of Dapagliflozin on the 
Incidence of Cardiovascular Events)45 provide examples 
of this approach. Another strategy that has been used 
is to conduct parallel trials, one using a kidney compos-
ite in a trial population enriched for such events and the 
other using a cardiovascular composite in a trial popula-
tion enriched for cardiovascular events. Finerenone is a 
third-generation mineralocorticoid receptor antagonist 
with potentially less hyperkalemia than spironolactone 
that is being studied compared with placebo in patients 
with type 2 diabetes and diabetic kidney disease in 2 
parallel trials (FIGARO-DKD [Efficacy and Safety of Fi-
nerenone in Subjects With Type 2 Diabetes Mellitus and 
the Clinical Diagnosis of Diabetic Kidney Disease] and 
FIDELIO-DKD [Efficacy and Safety of Finerenone in Sub-
jects With Type 2 Diabetes Mellitus and Diabetic Kidney 
Disease]). In the FIGARO-DKD trial, the outcome is a 
composite of cardiovascular death, nonfatal MI, non-
fatal stroke, or HF hospitalization. In the FIDELIO-DKD 
trial, the outcome is decrease in eGFR >40%, end-stage 
kidney disease, or renal death. A recent press release 
has announced that finerenone reduced the primary 
composite end point in the FIDELIO-DKD trial46; full trial 
results are expected shortly. It is notable that parallel 
trial designs like FIGARO-DKD and FIDELIO-DKD require 
a larger aggregate study population to enroll and in-
creased costs.

CONCLUSIONS
Chronic kidney disease commonly coexists with several 
cardiovascular and metabolic disease states, includ-
ing HF and diabetes. In parallel, most deaths among 
patients with CKD are attributable to cardiovascular 
causes. Recently, novel cardiometabolic therapies in 
diabetes have demonstrated mechanistically plausible 
concordant risk reduction in both clinically important 
kidney and cardiovascular outcomes. The potential for 
additional novel therapies to improve both cardiac and 
kidney risk profiles raises the possibility of cardio-kidney 
composite outcomes in future cardiovascular clinical 
trials. However, efficacy composite outcomes are inter-
pretable only if the kidney and cardiovascular outcomes 
are clinically meaningful and plausibly mechanistically 
influenced by an investigational therapy in a concor-
dant fashion. Further challenges in the analysis and in-
terpretation of cardio-kidney composite outcomes need 
to be well understood before considering cardio-kidney 
composite outcomes in cardiovascular trials.

ARTICLE INFORMATION

Correspondence
Faiez Zannad, MD, PhD, CIC INSERM CHU, Université de Lorraine and INI-CRCT 
(F-CRIN), Institut Lorrain du Coeur et des Vaisseaux, 54500 Vandoeuvre-lès-
Nancy, France. Email f.zannad@chru-nancy.fr

Affiliations
Division of Cardiology, Department of Medicine, Northwestern University Fein-
berg School of Medicine, Chicago, IL (R.B.P., S.J.S.). Department of Cardiology, 
University of Groningen, University Medical Centre, the Netherlands (J.M.T.M.). 
Université de Lorraine, INSERM, Centre d’Investigations Cliniques, INI CRCT, 
and INSERM U1116, CHRU Nancy, France (J.P.F., P.R., F.Z.). Renal Division, De-
partment of Medicine (F.R.M.), and Heart and Vascular Center (S.D.S., M.V.), 
Brigham and Women’s Hospital and Harvard Medical School, Boston, MA. Bay-
lor Heart and Vascular Institute, Baylor University Medical Center, Dallas, TX 
(M.P.). Division of Cardiology and Nephrology, Office of New Drugs, Center for 
Drug Evaluation and Research, Food and Drug Administration, Silver Spring, 
MD (A.T., N.S.).

Acknowledgments
This review reflects the ongoing discussions among physician scientists, clinical 
trialists, regulators, and industry and government sponsors that were initiated 
at the 15th Global Cardiovascular Clinical Trialists Forum in Washington, DC, on 
November 30, 2018, and continued thereafter.

Disclosures
Dr Patel is supported by the National Institutes of Health and National Center 
for Advancing Translational Sciences (grant KL2TR001424). Dr Ferreira receives 
modest consulting fees from Boehringer-Ingelheim. Dr Shah has received re-
search grants from Actelion, AstraZeneca, Corvia, Novartis, and Pfizer and has 
received consulting fees from Abbott, Actelion, AstraZeneca, Amgen, Axon 
Therapeutics, Bayer, Boehringer-Ingelheim, Bristol-Myers Squibb, Cardiora, 
CVRx, Cytokinetics, Eisai, GSK, Ionis, Ironwood, Merck, MyoKardia, Novartis, 
Pfizer, Sanofi, Shifamed, Tenax, and United Therapeutics. Dr Vaduganathan is 
supported by the KL2/Catalyst Medical Research Investigator Training award 
from Harvard Catalyst (National Institutes of Health and National Center for Ad-
vancing Translational Sciences Award UL 1TR002541) and has served on advi-
sory boards for Amgen, AstraZeneca, Baxter Healthcare, Bayer AG, Boehringer 
Ingelheim, Cytokinetics, and Relypsa. Dr Solomon has received research grants 
from Alnylam, Amgen, AstraZeneca, Bellerophon, Bayer, Bristol-Myers Squibb, 
Celladon, Cytokinetics, Eidos, Gilead, GlaxoSmithKline, Ionis, Lone Star Heart, 
Mesoblast, MyoKardia, National Institutes of Health/National Heart, Lung, and 
Blood Institute, Novartis, Sanofi Pasteur, and Theracos and has consulted for 
Akros, Alnylam, Amgen, AstraZeneca, Bayer, Bristol-Myers Squibb, Cardior, 
Corvia, Cytokinetics, Gilead, GlaxoSmithKline, Ironwood, Merck, Novartis, 
Roche, Takeda, Theracos, Quantum Genetics, Cardurion, AoBiome, Janssen, 
Cardiac Dimensions, and Tenaya. Dr Packer has consulted for AbbVie, Actavis, 
Akcea, Amgen, AstraZeneca, Boehringer Ingelheim, Cardiorentis, Daiichi San-
kyo, Johnson & Johnson, NovoNordisk, Pfizer, Sanofi, Synthetic Biologics, and 
Theravance. Dr Zannad has received fees for serving on a steering committee 
from Janssen, Bayer, Boston Scientific, CVRx, and Boehringer Ingelheim; has 
received consulting fees from Amgen, Vifor Pharma–Fresenius, Cardior, Cereno 
Pharmaceutical, Applied Therapeutics, and Merck; and has received consulting 
fees and fees for serving on a steering committee from AstraZeneca and serv-
ing as founder of CardioVascular Clinical Trialists Forum. The remaining authors 
have nothing to disclose.

REFERENCES
 1. Braunwald E, Cannon CP, McCabe CH. Use of composite endpoints 

in thrombolysis trials of acute myocardial infarction. Am J Cardiol. 
1993;72:3G–12G. doi: 10.1016/0002-9149(93)90101-h

 2. Califf RM, Harrelson-Woodlief L, Topol EJ. Left ventricular ejection fraction 
may not be useful as an end point of thrombolytic therapy comparative 
trials. Circulation. 1990;82:1847–1853. doi: 10.1161/01.cir.82.5.1847

 3. Rangaswami J, Bhalla V, Blair JEA, Chang TI, Costa S, Lentine KL, 
Lerma EV, Mezue K, Molitch M, Mullens W, et al; American Heart As-
sociation Council on the Kidney in Cardiovascular Disease and Coun-
cil on Clinical Cardiology. Cardiorenal syndrome: classification, 

D
ow

nloaded from
 http://ahajournals.org by on February 23, 2022

mailto:f.zannad@chru-nancy.fr


Patel et al Cardio-Kidney Outcomes in Clinical Trials

Circulation. 2021;143:949–958. DOI: 10.1161/CIRCULATIONAHA.120.049514 March 2, 2021 957

STATE OF THE ART

pathophysiology, diagnosis, and treatment strategies: a scientific state-
ment from the American Heart Association. Circulation. 2019;139:e840–
e878. doi: 10.1161/CIR.0000000000000664

 4. Bhatt DL, Stone GW, Mahaffey KW, Gibson CM, Steg PG, Hamm CW, 
Price MJ, Leonardi S, Gallup D, Bramucci E, et al; CHAMPION PHOE-
NIX Investigators. Effect of platelet inhibition with cangrelor dur-
ing PCI on ischemic events. N Engl J Med. 2013;368:1303–1313. doi: 
10.1056/NEJMoa1300815

 5. Solomon SD, McMurray JJV, Anand IS, Ge J, Lam CSP, Maggioni AP, 
Martinez F, Packer M, Pfeffer MA, Pieske B, et al; PARAGON-HF Investi-
gators and Committees. Angiotensin-neprilysin inhibition in heart failure 
with preserved ejection fraction. N Engl J Med. 2019;381:1609–1620. 
doi: 10.1056/NEJMoa1908655

 6. Saran R, Robinson B, Abbott KC, Agodoa LY, Albertus P, Ayanian J, 
Balkrishnan R, Bragg-Gresham J, Cao J, Chen JL, et al. US renal data sys-
tem 2016 annual data report: epidemiology of kidney disease in the Unit-
ed States. Am J Kidney Dis. 2017;69(3 Suppl 1):A7–A8. doi: 10.1053/j. 
ajkd.2016.12.004

 7. Zannad F, Rossignol P. Cardiorenal syndrome revisited. Circulation. 
2018;138:929–944. doi: 10.1161/CIRCULATIONAHA.117.028814

 8. He J, Shlipak M, Anderson A, Roy JA, Feldman HI, Kallem RR, Kanthety 
R, Kusek JW, Ojo A, Rahman M, et al. Risk factors for heart failure in 
patients with chronic kidney disease: the CRIC (Chronic Renal Insuffi-
ciency Cohort) study. J Am Heart Assoc. 2017;6:e005336. doi: 10.1161/ 
JAHA.116.005336

 9. Tuegel C, Bansal N. Heart failure in patients with kidney disease. Heart. 
2017;103:1848–1853. doi: 10.1136/heartjnl-2016-310794

 10. Bansal N, Katz R, Robinson-Cohen C, Odden MC, Dalrymple L, Shlipak 
MG, Sarnak MJ, Siscovick DS, Zelnick L, Psaty BM, et al. Absolute rates 
of heart failure, coronary heart disease, and stroke in chronic kidney dis-
ease: an analysis of 3 community-based cohort studies. JAMA Cardiol. 
2017;2:314–318. doi: 10.1001/jamacardio.2016.4652

 11. Damman K, Testani JM. The kidney in heart failure: an update. Eur Heart 
J. 2015;36:1437–1444. doi: 10.1093/eurheartj/ehv010

 12. Rossignol P, Agarwal R, Canaud B, Charney A, Chatellier G, Craig JC, 
Cushman WC, Gansevoort RT, Fellström B, Garza D, et al. Cardiovascular 
outcome trials in patients with chronic kidney disease: challenges associ-
ated with selection of patients and endpoints. Eur Heart J. 2019;40:880–
886. doi: 10.1093/eurheartj/ehx209

 13. Perkovic V, Jardine MJ, Neal B, Bompoint S, Heerspink HJL, Charytan DM, 
Edwards R, Agarwal R, Bakris G, Bull S, et al; CREDENCE Trial Investiga-
tors. Canagliflozin and renal outcomes in type 2 diabetes and nephropa-
thy. N Engl J Med. 2019;380:2295–2306. doi: 10.1056/NEJMoa1811744

 14. Zinman B, Wanner C, Lachin JM, Fitchett D, Bluhmki E, Hantel S, Mattheus 
M, Devins T, Johansen OE, Woerle HJ, et al; EMPA-REG OUTCOME In-
vestigators. Empagliflozin, cardiovascular outcomes, and mortality in 
type 2 diabetes. N Engl J Med. 2015;373:2117–2128. doi: 10.1056/ 
NEJMoa1504720

 15. Butler J, Zannad F, Fitchett D, Zinman B, Koitka-Weber A, von Eynatten M, 
Zwiener I, George J, Brueckmann M, Cheung AK, et al. Empagliflozin im-
proves kidney outcomes in patients with or without heart failure. Circ Heart 
Fail. 2019;12:e005875. doi: 10.1161/CIRCHEARTFAILURE.118.005875

 16. Damman K, Gori M, Claggett B, Jhund PS, Senni M, Lefkowitz MP, Prescott 
MF, Shi VC, Rouleau JL, Swedberg K, et al. Renal effects and associated 
outcomes during angiotensin-neprilysin inhibition in heart failure. JACC 
Heart Fail. 2018;6:489–498. doi: 10.1016/j.jchf.2018.02.004

 17. McMurray JJ, Packer M, Desai AS, Gong J, Lefkowitz MP, Rizkala AR, 
Rouleau JL, Shi VC, Solomon SD, Swedberg K, et al; PARADIGM-HF 
Investigators and Committees. Angiotensin-neprilysin inhibition ver-
sus enalapril in heart failure. N Engl J Med. 2014;371:993–1004. doi: 
10.1056/NEJMoa1409077

 18. Mc Causland FR, Lefkowitz MP, Claggett B, Anavekar NS, Senni M, 
Gori M, Jhund PS, McGrath MM, Packer M, Shi V, et al. Angiotensin-
neprilysin inhibition and renal outcomes in heart failure with pre-
served ejection fraction. Circulation. 2020;142:1236–1245. doi: 
10.1161/CIRCULATIONAHA.120.047643

 19. Pocock SJ, McMurray JJV, Collier TJ. Statistical controversies in reporting 
of clinical trials: part 2 of a 4-part series on statistics for clinical trials. J Am 
Coll Cardiol. 2015;66:2648–2662. doi: 10.1016/j.jacc.2015.10.023

 20. Levey AS, Inker LA, Matsushita K, Greene T, Willis K, Lewis E, de Zeeuw 
D, Cheung AK, Coresh J. GFR decline as an end point for clinical trials 
in CKD: a scientific workshop sponsored by the National Kidney Foun-
dation and the US Food and Drug Administration. Am J Kidney Dis. 
2014;64:821–835. doi: 10.1053/j.ajkd.2014.07.030

 21. Coresh J, Turin TC, Matsushita K, Sang Y, Ballew SH, Appel LJ, Arima H, 
Chadban SJ, Cirillo M, Djurdjev O, et al. Decline in estimated glomerular 
filtration rate and subsequent risk of end-stage renal disease and mortal-
ity. JAMA. 2014;311:2518–2531. doi: 10.1001/jama.2014.6634

 22. Levey AS, Gansevoort RT, Coresh J, Inker LA, Heerspink HL, Grams ME, 
Greene T, Tighiouart H, Matsushita K, Ballew SH, et al. Change in al-
buminuria and GFR as end points for clinical trials in early stages of 
CKD: a scientific workshop sponsored by the National Kidney Founda-
tion in collaboration with the US Food and Drug Administration and 
European Medicines Agency. Am J Kidney Dis. 2020;75:84–104. doi: 
10.1053/j.ajkd.2019.06.009

 23. Thompson A, Smith K, Lawrence J. Change in estimated GFR and albu-
minuria as end points in clinical trials: a viewpoint from the FDA. Am J 
Kidney Dis. 2020;75:4–5. doi: 10.1053/j.ajkd.2019.08.007

 24. Holtkamp F, Gudmundsdottir H, Maciulaitis R, Benda N, Thomson A, 
Vetter T. Change in albuminuria and estimated GFR as end points for clini-
cal trials in early stages of CKD: a perspective from European regulators. 
Am J Kidney Dis. 2020;75:6–8. doi: 10.1053/j.ajkd.2019.07.019

 25. Parving HH, Brenner BM, McMurray JJ, de Zeeuw D, Haffner SM, Solomon 
SD, Chaturvedi N, Persson F, Desai AS, Nicolaides M, et al; ALTITUDE Inves-
tigators. Cardiorenal end points in a trial of aliskiren for type 2 diabetes. N 
Engl J Med. 2012;367:2204–2213. doi: 10.1056/NEJMoa1208799

 26. Heerspink HJL, Stefánsson BV, Correa-Rotter R, Chertow GM, Greene 
T, Hou FF, Mann JFE, McMurray JJV, Lindberg M, Rossing P, et al; DA-
PA-CKD Trial Committees and Investigators. Dapagliflozin in patients 
with chronic kidney disease. N Engl J Med. 2020;383:1436–1446. doi: 
10.1056/NEJMoa2024816

 27. Bart BA, Goldsmith SR, Lee KL, Givertz MM, O’Connor CM, Bull DA, 
Redfield MM, Deswal A, Rouleau JL, LeWinter MM, et al; Heart Failure 
Clinical Research Network. Ultrafiltration in decompensated heart failure 
with cardiorenal syndrome. N Engl J Med. 2012;367:2296–2304. doi: 
10.1056/NEJMoa1210357

 28. Felker GM, Lee KL, Bull DA, Redfield MM, Stevenson LW, Goldsmith SR, 
LeWinter MM, Deswal A, Rouleau JL, Ofili EO, et al; NHLBI Heart Fail-
ure Clinical Research Network. Diuretic strategies in patients with acute 
decompensated heart failure. N Engl J Med. 2011;364:797–805. doi: 
10.1056/NEJMoa1005419

 29. Chen HH, Anstrom KJ, Givertz MM, Stevenson LW, Semigran MJ, 
Goldsmith SR, Bart BA, Bull DA, Stehlik J, LeWinter MM, et al; NHLBI 
Heart Failure Clinical Research Network. Low-dose dopamine or low-
dose nesiritide in acute heart failure with renal dysfunction: the ROSE 
acute heart failure randomized trial. JAMA. 2013;310:2533–2543. doi: 
10.1001/jama.2013.282190

 30. Massie BM, O’Connor CM, Metra M, Ponikowski P, Teerlink JR, Cotter 
G, Weatherley BD, Cleland JG, Givertz MM, Voors A, et al; PROTECT In-
vestigators and Committees. Rolofylline, an adenosine A1-receptor an-
tagonist, in acute heart failure. N Engl J Med. 2010;363:1419–1428. doi: 
10.1056/NEJMoa0912613

 31. Neal B, Perkovic V, Mahaffey KW, de Zeeuw D, Fulcher G, Erondu N, 
Shaw W, Law G, Desai M, Matthews DR; CANVAS Program Collaborative 
Group. Canagliflozin and cardiovascular and renal events in type 2 diabe-
tes. N Engl J Med. 2017;377:644–657. doi: 10.1056/NEJMoa1611925

 32. Perkovic V, de Zeeuw D, Mahaffey KW, Fulcher G, Erondu N, Shaw W, 
Barrett TD, Weidner-Wells M, Deng H, Matthews DR, et al. Canagliflozin 
and renal outcomes in type 2 diabetes: results from the CANVAS program 
randomised clinical trials. Lancet Diabetes Endocrinol. 2018;6:691–704. 
doi: 10.1016/S2213-8587(18)30141-4

 33. Testani JM, Chen J, McCauley BD, Kimmel SE, Shannon RP. Potential ef-
fects of aggressive decongestion during the treatment of decompensated 
heart failure on renal function and survival. Circulation. 2010;122:265–
272. doi: 10.1161/CIRCULATIONAHA.109.933275

 34. Ahmad T, Jackson K, Rao VS, Tang WHW, Brisco-Bacik MA, Chen HH, 
Felker GM, Hernandez AF, O’Connor CM, Sabbisetti VS, et al. Worsening 
renal function in patients with acute heart failure undergoing aggressive 
diuresis is not associated with tubular injury. Circulation. 2018;137:2016–
2028. doi: 10.1161/CIRCULATIONAHA.117.030112

 35. Group CTS. Effects of enalapril on mortality in severe congestive heart 
failure: results of the Cooperative North Scandinavian Enalapril Sur-
vival Study (CONSENSUS). N Engl J Med. 1987;316:1429–35. doi: 
10.1056/NEJM198706043162301

 36. Yusuf S, Pitt B, Davis CE, Hood WB, Cohn JN; SOLVD Investigators. Effect 
of enalapril on survival in patients with reduced left ventricular ejection 
fractions and congestive heart failure. N Engl J Med. 1991;325:293–302. 
doi: 10.1056/NEJM199108013250501

D
ow

nloaded from
 http://ahajournals.org by on February 23, 2022



Patel et al Cardio-Kidney Outcomes in Clinical Trials

March 2, 2021 Circulation. 2021;143:949–958. DOI: 10.1161/CIRCULATIONAHA.120.049514958

ST
AT

E 
OF

 T
HE

 A
RT

 37. Armstrong PW, Westerhout CM. Composite end points in clinical re-
search: a time for reappraisal. Circulation. 2017;135:2299–2307. doi: 
10.1161/CIRCULATIONAHA.117.026229

 38. Rosenstock J, Perkovic V, Johansen OE, Cooper ME, Kahn SE, Marx N, 
Alexander JH, Pencina M, Toto RD, Wanner C, et al; CARMELINA Inves-
tigators. Effect of linagliptin vs placebo on major cardiovascular events 
in adults with type 2 diabetes and high cardiovascular and renal risk: 
the CARMELINA randomized clinical trial. JAMA. 2019;321:69–79. doi: 
10.1001/jama.2018.18269

 39. Pocock SJ, Ariti CA, Collier TJ, Wang D. The win ratio: a new approach 
to the analysis of composite endpoints in clinical trials based on clinical 
priorities. Eur Heart J. 2012;33:176–182. doi: 10.1093/eurheartj/ehr352

 40. Ferreira JP, Jhund PS, Duarte K, Claggett BL, Solomon SD, Pocock S, Petrie 
MC, Zannad F, McMurray JJV. Use of the win ratio in cardiovascular trials. 
JACC Heart Fail. 2020;8:441–450. doi: 10.1016/j.jchf.2020.02.010

 41. Solomon SD, Dobson J, Pocock S, Skali H, McMurray JJ, Granger CB, 
Yusuf S, Swedberg K, Young JB, Michelson EL, et al; Candesartan 
in Heart failure: Assessment of Reduction in Mortality and morbid-
ity (CHARM) Investigators. Influence of nonfatal hospitalization 
for heart failure on subsequent mortality in patients with chronic 
heart failure. Circulation. 2007;116:1482–1487. doi: 10.1161/ 
CIRCULATIONAHA.107.696906

 42. McMurray JJV, Solomon SD, Inzucchi SE, Køber L, Kosiborod MN, Martinez 
FA, Ponikowski P, Sabatine MS, Anand IS, Bělohlávek J, et al; DAPA-HF Trial 
Committees and Investigators. Dapagliflozin in patients with heart failure 

and reduced ejection fraction. N Engl J Med. 2019;381:1995–2008. doi: 
10.1056/NEJMoa1911303

 43. Packer M, Butler J, Filippatos GS, Jamal W, Salsali A, Schnee J, Kimura K, 
Zeller C, George J, Brueckmann M, et al; EMPEROR-Reduced Trial Com-
mittees and Investigators. Evaluation of the effect of sodium-glucose 
co-transporter 2 inhibition with empagliflozin on morbidity and mortal-
ity of patients with chronic heart failure and a reduced ejection fraction: 
rationale for and design of the EMPEROR-Reduced trial. Eur J Heart Fail. 
2019;21:1270–1278. doi: 10.1002/ejhf.1536

 44. Anker SD, Butler J, Filippatos GS, Jamal W, Salsali A, Schnee J, Kimura K, 
Zeller C, George J, Brueckmann M, et al; EMPEROR-Preserved Trial Com-
mittees and Investigators. Evaluation of the effects of sodium-glucose 
co-transporter 2 inhibition with empagliflozin on morbidity and mortality 
in patients with chronic heart failure and a preserved ejection fraction: 
rationale for and design of the EMPEROR-Preserved trial. Eur J Heart Fail. 
2019;21:1279–1287. doi: 10.1002/ejhf.1596

 45. Wiviott SD, Raz I, Bonaca MP, Mosenzon O, Kato ET, Cahn A, Silverman 
MG, Zelniker TA, Kuder JF, Murphy SA, et al; DECLARE–TIMI 58 Investiga-
tors. Dapagliflozin and cardiovascular outcomes in type 2 diabetes. N Engl 
J Med. 2019;380:347–357. doi: 10.1056/NEJMoa1812389

 46. Patti D. Bayer’s Finerenone Meets Primary Endpoint in Phase III FIDELIO-
DKD Renal Outcomes Study in Patients With Chronic Kidney Disease and 
Type 2 Diabetes. Accessed July 29, 2020. https://www.businesswire.com/
news/home/20200709005224/en/Bayer%E2%80%99s-Finerenone-
Meets-Primary-Endpoint-Phase-III. Published 2020. 

D
ow

nloaded from
 http://ahajournals.org by on February 23, 2022




