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Cardiovascular and Renal Outcomes Trials—Is There
a Difference?
Paolo Raggi, MDa,*, Robert Boer, PhDb, William G. Goodman, MDc,
Kamyar Kalantar-Zadeh, MD, PhDd, Glenn M. Chertow, MDe, and Vasily Belozeroff, PhDf

There is a general sense that most outcomes trials in patients receiving dialysis failed to yield
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statistically significant benefits, in contrast to many cardiovascular (CV) trials in the general
population. It is unknown whether methodologic reasons caused this discrepancy. We per-
formed a systematic MEDLINE search for randomized trials with mortality end points of the
42 compounds most commonly used for CV indications. In total, 115 trials were selected for
review. We further reviewed 9 mortality end point trials in patients receiving dialysis. The
CV trials in populations not receiving dialysis enrolled from 66 to 33,357 participants with an
average of 4,910; 59% of the trials showed statistically significant results. The average hazard
ratio (HR) was 0.77, ranging from 0.10 to 1.65; 10 drugs had ‡5 published trials each. In the
population receiving dialysis, most drugs were studied in single trials; the average number of
patients was 1,500 with a range of 127 to 3,883. The average HR was 0.77 and ranged from
0.06 to 1.30. Only 22% of the trials showed statistically significant results. The limitations
listed in the general population and dialysis studies were similar. In conclusion, no apparent
methodologic issues were detected (other than sample size) that could justify the lower fre-
quency of randomized trials with statistically significant results in patients receiving dialysis.
The most obvious difference was the paucity of trials with each drug in the dialysis cohorts;
this lowers the chances of at least 1 trial being successful. � 2015 Elsevier Inc. All rights
reserved. (Am J Cardiol 2015;116:982e988)
The previous reports in cardiovascular (CV) medicine are
replete with results from randomized clinical trials (RCTs)
that have assessed the effects of various pharmacologic in-
terventions on hard clinical end points including death. In
contrast, the nephrology reports contain relatively few RCTs
that have examined clinical outcomes in patients with end-
stage renal disease (ESRD) on dialysis. The disparity is
particularly noteworthy because patients undergoing dial-
ysis are recognized widely to have very high morbidity and
mortality rates primarily from CV causes.1 Most RCTs
completed to date in the dialysis population have had
mortality as an end point, whereas other CV end points have
been evaluated less often. Nearly all studies in patients with
ESRD have been substantially smaller than those done in
the general population, and the observed effect size has been
relatively smaller. Few of the RCTs reported thus far in
subjects with ESRD have demonstrated differences between
treatment groups that were statistically significant.2e7

Whether such findings are attributable to the nature of the
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underlying disease processes that affect this very high-risk
population, to certain aspects of research design and/or
statistical analysis, to the duration of the interventions being
evaluated, and/or to the length of follow-up or a combina-
tion of these factors, is uncertain. We reviewed and evalu-
ated findings from a large number of CV mortality RCTs
conducted in the general population and in subjects with
ESRD. We sought to determine whether there were common
patterns that could help explain the failure to document
statistically meaningful differences between treatment
groups in RCTs that enrolled subjects with ESRD and RCTs
that enrolled patients from the general population.

Methods

We initially examined the list of the most frequently
prescribed medications in the United States as reported in
terms of total number of prescriptions by IMS from the
National Prescription Audit of 2013.8 We selected all CV
medications from that list. We further expanded the list to
include the most frequently used CV medications based on
the Web site of the American Heart Association.9 This
expanded list was reviewed by an academic physician (PR)
with expertise in clinical trials to include drugs used for the
most frequently encountered CV conditions. The final list of
drugs thus contained 42 CV treatments addressing outcomes
in the general population (Appendix A). For comparison,
two nephrologists (KK-Z, WGG) identified 9 drugs that are
most frequently used in ESRD that have been tested in
randomized trials (Appendix B). This approach was possible
because of the limited number of ESRD-specific drugs and
trials. For the treatments identified in the previously
mentioned process, we searched medical databases for
www.ajconline.org
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Table 1
List of the largest cardiovascular outcome trials conducted in the general population with the drugs selected for these analyses

Trial Name (ref number) Arms Primary endpoint N subjects Event rate per
1000 year

HR or RR p-value

ALLHAT13 amlodipine vs chlorthalidone fatal CHD or MI 33357 13.2 0.98 0.65
Physicians’ Health Study14 aspirin vs placebo MI 22071 3.4 0.56 <0.00001
Dutch TIA Trial15 atenolol vs placebo death from vascular causes,

stroke, or MI
1473 52.2 1 n.s.

ASCOT-LLA16 atorvastatin vs placebo MI or fatal CHD 10305 7.7 0.64 0.0005
CIBIS-II17 bisoprolol vs placebo mortality 2647 111.6 0.66 <0.0001
CAPPP18 captopril vs conventional Hx treatment MI, stroke, or

cardiovascular death
10985 10.9 1.05 0.52

COMET19 carvedilol vs metoprolol mortality 3029 76.0 0.83 0.002
SHEP20 chlorthalidone vs placebo stroke 4736 12.3 0.64 0.0003
CAPRIE21 clopidogrel vs aspirin ischaemic stroke, MI,

or vascular death
19185 53.4 0.913 0.043

DIG22 digoxin vs placebo mortality 7788 35.8 0.66 0.001
NORDIL23 diltiazem vs diuretics þ beta-blockers stroke, MI,

or CV death
10881 16.4 1 0.97

CONSENSUS II24 enalapril vs placebo mortality 6090 247.2 1.1 0.26
EPHESUS25 eplerenone vs placebo mortality 6632 116.7 0.85 0.008
Helsinki Heart Study26 gemfibrozil vs placebo MI or cardiac death 4081 6.9 0.66 <0.02
VA Cooperative Study27 hydralazine þ isosorbide dinitrate vs placebo mortality 642 191.7 0.879545 0.093
EWPHE28 hydrochlorothiazide þ triamterene vs placebo mortality 840 72.6 0.91 0.41
ACTIVE I29 irbesartan þ placebo stroke, MI, or

vascular death
9016 52.1 0.99 0.85

ALLHAT13 lisinopril vs chlorthalidone fatal CHD, MI 33357 13.2 0.99 0.81
MERIT-HF30 metoprolol vs placebo mortality 3991 91.0 0.66 0.0062
Coronary Drug Project31 niacin vs placebo mortality 3908 30.1 0.89 0.0004
TRITON-TIMI 3832 prasugrel vs clopidogrel CV death, MI,

or stroke
13608 86.6 0.81 <0.001

PPP Project33 pravastatin vs placebo stroke 19768 5.8 0.8 0.01
QUIET34 quinapril vs placebo cardiac death or

arrest, MI, o.a.
1750 176.1 1.04 0.6

HOPE35 ramipril vs placebo MI, stroke, or CV death 9297 31.8 0.78 <0.001
JUPITER36 Rosuvastatin vs placebo MI, stroke, revasc.,

angina, or CV death
17802 10.7 0.56 < 0.00001

MRC/BHF HPS37 simvastatin vs placebo mortality 20536 27.6 0.87 0.0003
RAES38 spironolactone vs placebo mortality 1663 201.4 0.7 <0.001
PLATO39 ticagrelor vs clopidogrel vascular death,

MI, or stroke
18624 100.8 0.84 <0.001

NAVIGATOR40 valsartan vs placebo development of diabetes 9306 22.6 0.96 0.22
TPT41 warfarin vs placebo coronary death, MI 5499 14.0 0.79 0.02
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outcomes trials with mortality as a primary or co-primary
end point. Specifically, we completed a MEDLINE search
using the name of each compound together with the publi-
cation type “randomized controlled trial” and the MeSH
term “cardiovascular diseases/mortality.” We also searched
product inserts and clinicaltrials.gov to capture trials that
might have been missed in the MEDLINE search.

The PubMed/MEDLINE search on the 42 selected drugs
for the general population resulted in 1,083 references based
on our search design. On screening the abstracts, we
selected 349 articles and abstracted 224 articles reporting on
198 trials. There were more articles than trials because some
articles reported different analyses from the same trial.
Because our analyses focused on long-term indications, we
excluded 83 trials conducted in the perioperative period and
as short-term treatment (i.e., <30 days follow-up), bringing
the total number of trials in the general population to 115.
Our search for outcomes studies in ESRD resulted in 9
trials.2e7,10e12 Overall, we summarized data from 124 trials
published before May 2014: 115 long-term CV trials in the
general population and 9 trials in patients with ESRD
(Supplementary Tables 1 and 2). We compiled tables con-
taining information about the number, duration, the size of
the trials, the rate of primary events, effect size, and preci-
sion. A p value <0.05 was considered statistically signifi-
cant. The limitations of each study as described in the
original reports were also noted.
Results

The 115 RCTs in the general population encompassed
the use of 30 therapies (i.e., no mortality trials were found
for the remaining 12 therapies from the search list). Among
the 30 therapies for which we found mortality trials, 10
drugs were evaluated in 5 or more outcomes trials. The
number of study participants ranged from 66 to 33,357 with

http://clinicaltrials.gov


Table 2
List of the largest pharmacotherapy outcome trials in the dialysis population conducted with the drugs selected for these analyses

Trial Name (ref number) Arms Primary endpoint N subjects Event rate per
1000 year

HR or RR p-value

EVOLVE3 cinacalcet vs placebo death, MI, angina, HF, or PVE 3883 91.3 0.93 0.11
GDDS2 atorvastatin vs placebo cardiac death, MI, or stroke 1255 95.0 0.92 0.37
NHS4 normal-hematocrit vs low-hematocrit death or MI 1233 254.4 1.3 ns
FOSRENOL trial5 lanthanum carbonate vs standard therapy mortality 1354 108.7 0.86 0.18
AURORA6 rosuvastatin vs placebo CV death, MI, stroke 2776 90.5 0.96 0.59
DCOR7 sevelamer vs calcium-based phosphate binders mortality 2101 177.3 1.02 0.8
DOHAS12 spironolactone vs control CV or cerebrovascular

death or hospitalization
309 30.2 0.404 0.017

Figure 1. Number of clinical trials and results by statistical significance (we included only therapies for which at least 1 trial with mortality as an end point was
available). GP ¼ general population.
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an average of 4,910. A statistically significant result was
observed in 59%, with an average hazard ratio (HR) of 0.77,
ranging from 0.10 to 1.65. Table 1 provides the duration and
size of the largest trials we reviewed for each compound in
the general population.

In patients with ESRD, a total of 9 outcomes trials were
identified. Only 4 of 9 ESRD-specific therapies had out-
comes RCTs with mortality as a part of the primary end
point. The phosphate-binding agent sevelamer was the only
therapeutic compound studied in more than 1 RCT, and 3
RCTs were done with this drug. For all other therapeutic
interventions, the outcome data were derived from a single
RCT. Overall, studies in subjects with ESRD were smaller
than those done in the general population, ranging in size
from 127 to 3,883 subjects with an average enrollment of
1,500. The average HR of 0.77 was similar to that observed
in studies from the general population and ranged from 0.06
to 1.30. The summary of the largest trial for each compound
in ESRD is presented in Table 2.

Figure 1 shows the number of trials done with each
therapeutic agent and the number of statistically significant
and nonsignificant results. There were more trials per
compound in the general population than in ESRD, and
many of them did not reach statistical significance: 41% of
the CV trials and 78% of the ESRD trials, respectively, were
not statistically significant.

There were no pattern differences in the number of
events per trial. The number of events in ESRD trials ranged
from 28 to 1,890 with an average of 593, whereas in the
general population, it ranged from 8 to 2,835 with an

http://www.ajconline.org


Figure 2. Trials effect size in relation to number of events and statistical
significance. GP ¼ general population.

Table 3
Summary of the reported trial limitations

ESRD trials Non-ESRD trials

Non-significant
results

Significant
results

Non-significant
results

Significant
results

Power low by
design

0 1 9 6

Enrollment low 0 0 4 0
Event rate low 2 1 8 5
Discontinuation /

withdrawal high
1 0 4 1

Imbalance
in baseline
characteristics

1 0 1 1

Stopped early 0 0 3 2
Other 2 0 15 10
All trials 7 2 47 68

Other limitations included reasons that do not directly correlate with the
likelihood of a significant trial result, such as: no placebo/open-label or
PROBE design; balance of subgroups with positive and negative effect;
definition of condition not clear; concomitant drug use; dose inadequate;
limited follow-up time; insufficient access to data sources.
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average of 530 events. Figure 2 shows the effect size re-
ported in the general population and ESRD trials in relation
to the statistical significance and the number of clinical
events in each trial. Effect sizes in ESRD trials were smaller,
although many non-ESRD trials also reported small effect
sizes. Small effect sizes were significant in larger trials.
There was a relation between number of events and effect
size in the trials reviewed, which is likely a reflection of
power calculations at the trial design stage. The sample size
of the trial per se did not influence the outcome of a trial in
either the general population or the ESRD population.

Limitations of the all trials, when reported, most
frequently referred to lack of power (Table 3). A total of 15
trials reported a low power by design, 22 reported low
enrollment or a low event rate, and 6 reported problems with
high discontinuation rate or withdrawal.
Discussion

We reviewed RCTs that tested the most frequently used
CV agents in the general population in North America and
compared them with the most relevant outcome trials in the
ESRD population. We reviewed exclusively trials that re-
ported mortality or a composite end point inclusive of all-
cause mortality and other hard CV end points. Trials in
the general population varied in size from small (66 sub-
jects) to very large (30,000 to 40,000 patients), and there
were numerous trials per each compound (in several cases,
there were >5 trials per drug). Among the 115 trials
reviewed, 59% were statistically significant and 41% were
not. The effect size varied and correlated with the study size,
which is the probable result of pretrial power calculations. In
comparison, the ESRD trials were fewer (only 9 trials,
generally 1 per compound with the exception of 1 drug),
small to moderate in size (from w300 to 3,000 patients),
and the interventions showed no benefit. Only 2 mortality
outcome ESRD trials yielded statistically significant results.
Obviously, the probability of a statistically significant trial
result does not reside in its size alone because several of the
significant trials in the general population were small.
Hence, the most likely reason for the apparent frequent
failure of ESRD trials is that a single trial cannot firmly
establish the efficacy of a pharmacologic agent, and most
trials in ESRD were single. Patient selection criteria (in-
clusion or exclusion of diabetic patients, and so forth), race/
ethnic background, and study settings (single vs double
blind, academic vs community setting, and so forth) may
influence the outcome of a trial with a specific drug but not
necessarily another trial with the same compound conducted
in a different population and different settings. This notion
is supported by that over 40% of the trials conducted in the
general population were statistically nonsignificant. The size
of the patient pools is very different between the general
population and ESRD, and it may be impractical to enroll
equally large cohorts from the ESRD and the general pool.

The complexity of the disease state may be another
important consideration. ESRD and dialysis are states of
heightened systemic inflammation, and patients typically suf-
fer from chronic conditions known to predispose to CV dis-
ease. The overall severity of these patients’ condition is further
compounded by the development of uremia-specific compli-
cations such as mineral and bone disorders, leading to bone
fragility, vascular calcification, and loss of vascular elastic-
ity.42 Jager et al43 suggested that patients with ESRD suffer
from multiple co-morbidities that exponentially increase their
risk of death.Hence, a single drug interventionwould probably
be less effective in such a disease state. Outcome trials of
nonpharmacologic therapies in ESRD have not been success-
ful either,44e46 further illustrating the point that demonstrating
convincing effects on clinical outcomes in ESRD has been
challenging for all sorts of medical interventions. It should
further be considered that studies conducted in prevalent
dialysis populations are most likely affected by a survival bias
as the death rate is proportionally higher in the earlier stages of
kidney disease or right after initiating dialysis than 3 years into
receiving renal replacement therapy.43
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In view of these objective limitations, there may be a
need to interpret ESRD trial results with a more flexible
approach than the one used for trials conducted in large
segments of the general population. It is probable that strict
adherence to a mathematical criterion to define significance
may prevent the researchers from highlighting useful clin-
ical information.47 Although the primary outcome of mor-
tality or another hard outcome may have been missed
statistically, additional post hoc or secondary analyses,
particularly on the prespecified end points, could provide
very helpful information for example, related to heteroge-
neity of the effect by clinically meaningful subpopulations,
responder analyses, or on-treatment analyses.3,48 In contrast
with the standard ITT analysis, prespecified on-treatment
analyses are important in light of adherence to treatment
and treatment crossover especially when the drug being
investigated is already available on the market.

Typical randomized clinical trials include a set of defined
exclusion and inclusion criteria to select the most appro-
priate population to answer a prespecified question. Very
often, however, the selected trial population is not general-
izable to the larger population affected by the disease of
interest. Furthermore, a statistically significant result of a
trial does not immediately mean that the tested intervention
is in fact successful in clinical practice. An intervention may
work as demonstrated by real-world clinical experience, but
trials may fail statistically for a number of reasons including
lack of power, enrolled population mismatch, poor trial
conduct, early drug discontinuation, and so forth, leading to
a situation where a trial is rendered “nondefinitive” or a
statistical failure. The trial results, definitive or not, need to
be interpreted in the context of other clinical evidence
including real-world clinical experience.
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Appendix A: Cardiovascular Therapies Included in the
Search

� Anticoagulants

� Dalteparin (Fragmin)
� Enoxaparin (Lovenox)
� Heparin (various)
� Warfarin (Coumadin)

� Antiplatelet agents
� Aspirin
� Clopidogrel
� Prasugrel
� Ticagrelor

� ACE inhibitors
� Captopril (Capoten)
� Enalapril (Vasotec)
� Lisinopril (Prinivil)
� Quinapril (Accupril)
� Ramipril (Altace)
� Angiotensin II receptor blockers
� Irbesartan (Avapro)
� Valsartan (Diovan)

� Beta blockers
� Atenolol (Tenormin)
� Bisoprolol (Ziac, Zebeta)
� Metoprolol (Lopressor, Toprol XL)
� Carvedilol (Coreg)

� Calcium channel blockers
� Amlodipine (Norvasc, Lotrel)
� Diltiazem (Cardizem, Tiazac)

� Diuretics
� Chlorthalidone (Hygroton)
� Triamterene (Dyrenium)
� Furosemide (Lasix)
� Hydrochlorothiazide (Esidrix, Hydrodiuril)
� Spironolactone (Aldactone)

� Vasodilators
� Isosorbide dinitrate (Isordil)
� Hydralazine (Apresoline)

� Digitalis Preparations
� Digoxin (Lanoxin)

� Statins
� Simvastatin
� Pravastatin
� Atorvastatin
� Rosuvastatin

� Other
� Nicotinic acid (niacin)
� Gemfibrozil
� Eplerenone

� Thrombolitics for acute MI
� TNK
� Streptokinase
� tPA

� IIb/IIIa inhibitors for ACS
� Abciximab
� Eptifibatide
� Tirofiban

Appendix B: ESRD-Specific Therapies Included in the
Search

� Calcimimetics

� Cinacalcet HCl (Sensipar)

� Phosphate binders
� Sevelamer (Renagel, Renvela)
� Calcium acetate (PhosLo)
� Calcium carbonate
� Lanthanum (Fosrenol)

� Vitamin D sterols
� Paricalcitol (Zemplar)
� Doxercalciferol (Hectorol)
� Calcitriol (Calcijex)

� Erythropoiesis-stimulating therapies
� Erythropoetin alpha (Epogen)

Supplementary Data

Supplementary data associated with this article can
be found, in the online version, at http://dx.doi.org/10.1016/
j.amjcard.2015.06.024.
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