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BACKGROUND: Noninferiority trials are increasingly being performed. 
However, little is known about their methodological quality. We sought to 
characterize noninferiority cardiovascular trials published in the highest-
impact journals, features that may bias results toward noninferiority, features 
related to reporting of noninferiority trials, and the time trends.

METHODS: We identified cardiovascular noninferiority trials published in 
JAMA, Lancet, or New England Journal of Medicine from 1990 to 2016. 
Two independent reviewers extracted the data. Data elements included the 
noninferiority margin and the success of studies in achieving noninferiority. 
The proportion of trials showing major or minor features that may have 
affected the noninferiority inference was determined. Major factors included 
the lack of presenting the results in both intention-to-treat and per-protocol/
as-treated cohorts, α>0.05, the new intervention not being compared with 
the best alternative, not justifying the noninferiority margin, and exclusion 
or loss of ≥10% of the cohort. Minor factors included suboptimal blinding, 
allocation concealment, and others.

RESULTS: From 2544 screened studies, we identified 111 noninferiority 
cardiovascular trials. Noninferiority margins varied widely: risk differences 
of 0.4% to 25%, hazard ratios of 1.05 to 2.85, odds ratios of 1.1 to 2.0, 
and relative risks of 1.1 to 1.8. Eighty-six trials claimed noninferiority, 
of which 20 showed superiority, whereas 23 (21.1%) did not show 
noninferiority, of which 8 also demonstrated inferiority. Only 7 (6.3%) 
trials were considered low risk for all the major and minor biasing factors. 
Among common major factors for bias, 41 (37%) did not confirm the 
findings in both intention-to-treat and per-protocol/as-treated cohorts 
and 4 (3.6%) reported discrepant results between intention-to-treat and 
per-protocol analyses. Forty-three (38.7%) did not justify the noninferiority 
margin. Overall, 27 (24.3%) underenrolled or had >10% exclusions. 
Sixty trials (54.0%) were open label. Allocation concealment was not 
maintained or unclear in 11 (9.9%). Publication of noninferiority trials 
increased over time (P<0.001). Fifty-two (46.8%) were published after 
2010 and had a lower risk of methodological or reporting limitations for 
major (P=0.03) and minor factors (P=0.002).

CONCLUSIONS: Noninferiority trials in highest-impact journals commonly 
conclude noninferiority of the tested intervention, but vary markedly in the 
selected noninferiority margin, and frequently have limitations that may 
impact the inference related to noninferiority.
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Noninferiority trials have a distinctly different ob-
jective than superiority trials.1 These trials are de-
signed to determine whether a new intervention 

is not less effective than the standard of care as measured 
using a prespecified difference in efficacy determined by 
the investigators.1,2 Historically, physicians only adopted 
a new therapy if it had efficacy advantages. However, 
with the introduction of the noninferiority concept, if 
there are other benefits in convenience, cost, or safety 
while the efficacy is not materially worse (noninferior) 
than the standard of care, a new intervention may be 
considered as a reasonable alternative treatment.1,2

The use of noninferiority design has increased in re-
cent years.3 Noninferiority trial design has specifically 
appealed to funders and investigators in cardiovascular 
medicine because of the limitations with several stan-
dard-of-care cardiovascular therapeutics. For example, 
although effective interventions existed for stroke pre-
vention in atrial fibrillation and for valvular disease, the 
use of these therapies was compromised by burdensome 
logistics, or safety and tolerability concerns.4,5 Conse-
quently, pivotal noninferiority trials led to the approval 
of non–vitamin K antagonist oral anticoagulants for pa-
tients with nonvalvular atrial fibrillation,6–8 and percuta-
neous techniques for some valvular diseases, as well.9

Noninferiority trials, however, possess distinct vulner-
abilities that may undermine their validity, what would be 
considered sources of bias.10 In superiority trials, method-
ological limitations such as high rates of postenrollment 
exclusions, loss to follow-up, or low treatment adherence 
lead to inadequate power, thereby biasing the trial results 
toward the null (negative findings). Investigators seeking 
to test a superiority hypothesis are strongly incentivized to 
guard against these problems. However, for a noninferior-

ity trial, these same factors might increase the likelihood 
that the trial will find no difference between treatment 
arms, potentially resulting in a false claim of noninferior-
ity. Another important distinction, unlike superiority tri-
als that are tested with fairly uniform statistical criteria, 
positive or negative results from noninferiority trials are 
highly dependent on the investigator-defined criteria for 
noninferiority, which may vary substantially.1,11–14 Several 
other factors related to reporting of noninferiority trials 
may also impact the interpretations by the scientific com-
munity and regulatory agencies.13

We sought to determine the number, main find-
ings, and features causing methodological or report-
ing limitations related to noninferiority design among 
cardiovascular noninferiority trials published between 
1990 and 2016 in 3 highest-impact medical journals: 
Journal of the American Medical Association (JAMA), 
the Lancet, and the New England Journal of Medicine 
(NEJM). Publications in these journals, on average, have 
more rigorous assessment standards and frequently ad-
dress the clinical questions with patient-important out-
comes.15 We made use of recently published criteria for 
assessment of the risk of methodological or reporting 
limitations for noninferiority trials.2,13,14

METHODS
The data used for this study will be available for interested 
research investigators, after submitting a full study protocol 
(to B.B. or H.M.K.) and mutual agreement. No patient inter-
view or access to medical records was needed in this study. 
The data were extracted from publicly available published 
literature. As such, obtaining an institutional review board 
approval was not required.

Search Strategy and Study Selection 
Criteria
We used a sensitive search strategy in PubMed to identify 
cardiovascular randomized trials, from January 1, 1990 to 
December 31, 2016, published in JAMA, the Lancet, and 
NEJM (see the online-only Data Supplement Appendix). The 
initial time point was selected by consensus and thought to 
capture all existing noninferiority cardiovascular trials.

We manually screened all the retrieved studies to identify 
cardiovascular trials that tested for noninferiority for a primary 
clinical end point. This choice allowed us to keep optimal 
sensitivity to include all noninferiority trials, including those 
with a less clear statement of noninferiority design in the 
title or abstract, including the BARI trial (Bypass Angioplasty 
Revascularization Investigation) and the EVEREST II trial 
(Endovascular Valve Edge-to-Edge Repair Study II). For trials 
with factorial design or papers that reported >1 trial, we did 1 
abstraction per each primary hypothesis of noninferiority. We 
excluded substudies, post hoc analyses, and follow-up studies 
that were not the main report of a randomized trial. We also 
excluded trials related to diseases of the lymphatics, systemic 
vasculitides, and obesity trials that did not use a primary clini-
cal cardiovascular end point.

Clinical Perspective

What Is New?
• Noninferiority cardiovascular trials are increasingly 

being published by the highest-impact journals.
• Most of these trials concluded that the tested inter-

ventions were noninferior to the compared therapy.
• Many trials had methodological or reporting 

limitations that may impact confidence in these 
conclusions.

What Are the Clinical Implications?
• Given the increasing utilization of noninferiority 

design, the advantages and limitations of this type 
of trial design deserve greater attention in the car-
diovascular community.

• Better adherence to methodological and report-
ing standards for noninferiority designed trials can 
improve the confidence of the community in their 
findings.
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Assessment of the Noninferiority Criteria
We investigated whether a trial achieved noninferiority, 
both noninferiority and superiority, had inconclusive results, 
or showed statistical inferiority, and categorized the studies 
based on their point estimates and confidence intervals.2,13 
If the studies had coprimary end points, or multiple active 
arms (eg, for various doses8), we reported the most favorable 
results. We recorded the noninferiority margin in each trial, 
whether it was based on absolute risk difference between 
the groups or relative terms (hazard ratios, relative risk, or 
odds ratios), and whether justification was provided for the 
noninferiority margin (preservation of a fraction of efficacy 
of standard of care versus placebo, the so-called putative pla-
cebo analysis, or at least as acceptable difference stated by 
clinical consensus among investigators).13 We determined the 
reported power for detection of noninferiority, and the calcu-
lated and actual study sample size, as well.

Assessment of the Methodological 
Quality and Methodological or Reporting 
Limitations
Based on coauthors consensus after review of the existing recom-
mendations, including the CONSORT statement (Consolidated 
Standards of Reporting Trials) for noninferiority trials,2,13 we 
identified a set of characteristics to assess the quality of non-
inferiority trials and factors that posed major or minor limita-
tions for methodology or reporting of noninferiority trials.2,13,14 
The group of authors included experts in outcomes research, 
clinical trial design, and regulatory supervision of clinical trials. 
Major methodological or reporting limiting factors included 
the following: Reporting the primary end point results based 
on only the intention-to-treat or modified intention-to-treat, or 
per-protocol/as-treated cohorts, choosing an α-level >0.05, new 
intervention not being compared with the best alternative, lack 
of a valid justification (putative placebo analysis, or consensus 
on therapeutic interchangeability) for the noninferiority margin, 
and underenrollment, early loss-to follow-up, early termination 
of the intervention, or other reasons for exclusion of >10% of 
the population from the study cohort. For trials that reported 
the primary end point in 2 separate analyses of intention-to-
treat and as-treated (or per-protocol) cohorts, we determined 
whether results were concordant.16 Minor methodological or 
reporting limiting factors included no blinding of patients and 
site investigators,13 lack of blinded adjudication of the outcomes, 
lack of allocation sequence concealment, not mentioning of the 
noninferiority design in the study title or abstract (many times 
the only part of an article read by physicians),13 and the absence 
of a methods paper for the study (or lack of simultaneous pub-
lication of the study protocol as a supplement). We considered 
studies that did not meet any of the major or minor limitations 
to be at low risk.

Other Variables
We determined the type of the tested intervention (drug, 
device, or other) and the types of ancillary advantages of the 
new intervention in comparison with standard of care (cost 
advantages, lower treatment burden, and presumed patient-
important benefits such as quality-of-life improvements). We 
recorded whether a study was prematurely discontinued. We 

assessed, in the abstract of the included trials, whether there 
were discrepancies between claims of noninferiority reported 
by the authors, and the data to support such claims.

Analysis of Trends
We determined the temporal trends in publication of non-
inferiority trials. The Food and Drug Administration (FDA) 
released a guidance statement about noninferiority trials in 
2010 (followed by an update in 2016).14 We explored if the 
risk of bias among included studies changed before versus 
after the end of 2010.

Data Extraction and Statistical Analysis
Four authors worked independently to extract the data. In case 
of discrepancy, the full text was revisited by the lead authors 
(B.B. and J.W.), and, if the discrepancy was unresolved, the 
case was discussed with 2 coauthors (J.S.R. and H.M.K.). We 
described normally distributed variables as means (SD) and 
nonnormally distributed variables as medians (interquartile 
ranges [IQR]). We compared normally distributed data using 
t test and used related counterparts for not normally distrib-
uted data, where needed. We described categorical variables 
as frequencies and compared them by using χ2 tests, also 
repeating the results with an exact test. Analyses were per-
formed using Stata Version 12.0 (StataCorp LP).

RESULTS
Our PubMed search resulted in 2544 eligible publica-
tions, of which 110 (including 111 trials) met the entry 
criteria (Table 1 and Table I in the online-only Data Sup-
plement). Studies were published between 1992 and 
2016. The majority (n=78, 70.3%) justified the nonin-
feriority design based on presumed ancillary benefits 
for patient outcomes other than the primary end point, 
a few had reduced treatment burden (n=6 [5.5%], eg, 
minimally invasive surgery rather than open surgery) or 
direct cost advantages (n=4, 3.6%). The remainder had 
more than one presumed ancillary benefit. Nine (8.1%) 
trials tested noninferiority of a new intervention against 
placebo or no additional treatment.

The median number of randomly assigned patients 
was 3006 (IQR, 1021–6068). The median calculated 
power to detect noninferiority was 86% (IQR, 80%–
90%). The median number of patients entered in the 
investigator-defined primary end point analysis was 
2707 (IQR, 1021–5966). Nine studies (8.1%) were 
prematurely discontinued (4 for safety, 3 for slow en-
rollment, 1 for futility, and 1 because of the compro-
mised integrity).

Noninferiority Margin
The noninferiority margins were based on absolute risk 
difference in 60 (54.0%) trials, and on relative mea-
sures in 50 (45.0%) trials (29 based on hazard ratios, 14 
based on relative risk, and odds ratios in the remaining 
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7). One trial’s margin was based on relative difference 
but not further classified,16 and one trial did not report 
the selected margin.17 The noninferiority margins in the 
trials varied widely (absolute risk differences between 
0.4% and 25%, hazard ratios between 1.05 and 2.85, 
relative risks between 1.1 and 1.8, and odds ratios be-
tween 1.1 and 2.0).

Among trials with a published design paper/study 
protocol, we identified discrepancies or missing infor-
mation between the design paper/protocol and the 
final published paper in 7 cases. These included ex-
amples of changing the noninferiority margin in the 
final publication, and the absence of some or all the 
details related to the chosen noninferiority margin in 
the final publication (Table II in the online-only Data 
Supplement).

Results for the Primary End Point
From the 111 trials, in 2 trials, although the overall re-
sults appeared favorable, the 2 bounds of the CIs could 
not be assessed. Of 109 eligible trials, 86 (78.9%) 
claimed noninferiority (20 of which also showed supe-
riority), whereas 23 (21.1%) did not (16 that had in-
conclusive results and 7 that showed worse outcomes 
with the tested intervention; Figure 1). In 95 (85.6%) 
trials, the primary end point analyses were based on 
intention-to-treat or modified intention-to-treat, 11 
(9.9%) trials used a per-protocol analysis, and 5 (4.5%) 
used a different or undefined analysis type. The vast 
majority (90%) of the trials appropriately reported the 
findings in the abstract. They claimed noninferiority, su-
periority, or inferiority, where they were achieved. Simi-
larly, they mentioned lack of noninferiority when it was 
not achieved. However, on a few occasions, there was 
either discrepancy about the abstract claims and the 
study findings, or insufficient information was provided 
(Table III in the online-only Data Supplement).

METHODOLOGICAL AND 
REPORTING LIMITATIONS
Table 2 and Figure 2 demonstrate the frequency with which 
the trials met the major and minor limitations. Seventy tri-
als (63.1%) presented their results for the primary end point 
using a second analysis of a different cohort (eg, per-protocol, 
if the primary analysis was intention-to-treat), the results were 
consistent in 66 trials, whereas in 4 examples the primary end 
point results were not consistent in the second analysis.

Sixty-eight trials (61.3%) provided justification for the 
noninferiority margin, whereas 43 (38.7%) did not. In 110 
(99.0%) trials, the one-sided α was ≤0.05. Of these 110, in 
44 trials the one-sided α was also ≤0.025. A post hoc analysis 
suggested smaller α-levels for drug trials than for device tri-
als (P=0.02 for the Wilcoxon rank-sum test). The intervention 
was tested against the best available alternative in all trials. In 
27 studies (24.3%), >10% of the participants were lost early, 
including because of loss to follow-up, early discontinuation 
of the intervention, or other reasons (Table 2). Overall, 27 tri-
als (24.3%) were considered at low risk of bias according to 
all the major biasing factors.

The noninferiority design was reported in the title or 
abstract in 97 trials (87.3%). For 67 (60.4%) trials, either a 
design paper was published or the protocol was published 
along with the manuscript. Among these 67 trials, in 8 
(11.9%), the noninferiority margin was discrepant or not dis-
closed in either the manuscript or the design paper (proto-
col). The majority of the trials (n=60, 54%) were open label; 
12 (10.8%) were single blind, and 39 (35.1%) were double 
blind. Allocation concealment was maintained in 100 trials 
(90%). Blinded adjudication of the primary end point was 
performed in 91 trials (82%). Twenty-five trials (22.5%) were 
considered at low risk of bias according to all the minor fac-
tors (Figure 2). Collectively, 7 trials (6.3%) were considered at 
low risk of bias according to all major and minor criteria.

A post hoc analysis did not show a difference for major 
(P=0.28 for the Kruskal-Wallis test) or minor factors (P=0.11 

Table 1. Basic Study Characteristics of Included Noninferiority Trials

Studied Characteristics Trials (N=111)

Journal, n (%)

    NEJM 66 (59.5)

    JAMA 30 (27)

    The Lancet 15 (13.5)

Study field, n (%)

    General cardiology/ interventional cardiology/ cardiac 
surgery

66 (59.5)

    Stroke prevention or treatment 15 (13.5)

    VTE (prevention or treatment) 30 (27.0)

Number of patient-enrolling sites, median (IQR) 110 (19–381)

Locations of enrolling sites, n (%)

  United States and Canada only 18 (16.2)

  International only 35 (31.5)

  Combination 58 (52.3)

Trial intervention, n (%)

    Drug 66 (59.5)

    Device 31 (28)

    Other 14 (12.5)

Source of funding, n (%)

    Government 8 (7)

    Nonprofit foundations 8 (7)

    Private industry 79 (71.2)

    Any combination 14 (12.6)

    No disclosure 2 (1.8)

Advantage of the tested intervention, n (%)

    Lower direct costs 4 (3.6)

    Reduced treatment burden 6 (5.4)

    Potential benefit on patient outcomes 81 (73.0)

    Any combination 19 (17.1)

A placebo arm or no-intervention arm included, n (%) 10 (9)

IQR indicates interquartile rang; JAMA, Journal of the American Medical 
Association; NEJM, New England Journal of Medicine; and VTE, venous 
thromboembolism.
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for the Kruskal-Wallis test) between the 3 journals. However, 
post hoc assessment of availability of a design paper or study 
protocol for noninferiority trials showed that 74.2% of stud-
ies in NEJM had a published methods paper or online avail-
able study protocol, in comparison with 53.3% of trials in 
JAMA, and 33.3% of the trials in the Lancet (P=0.001 for the 
Fisher exact test).

Temporal Trends
Over time, there was an increase in cardiovascular non-
inferiority trials published in these journals (P<0.001 
for trend, Figure 3). A post hoc analysis showed that, 
among the 111 included trials, 52 (46.8) were published 
after 2010. Of these, 21 (40.3%) did not disclose suf-
ficient justification for the chosen noninferiority margin 
and 10 (19.2%) did not replicate the findings in both 
intention-to-treat and as-treated cohorts, 9 (17.3%) 
did not have a published design paper or the study pro-
tocol as an online supplement to the final manuscript, 
27 (52.9%) were open label, 5 (9.6%) did not adhere 
to allocation sequence concealment recommendations, 
10 (19.2%) did not adhere to blinded outcome adjudi-
cation, and 2 (3.85%) did not report the noninferiority 
design in the title or abstract. As such, trials published 
after 2010 represented a lower risk of methodological 

or reporting limitations according to major, and minor 
factors, as well (P=0.03 and P=0.002, respectively, for 
the Wilcoxon rank-sum test of limiting factors across 
trials before versus after 2010).

DISCUSSION
Noninferiority trials in cardiovascular medicine are in-
creasingly being published in the highest-impact jour-
nals and most commonly conclude noninferiority of the 
new intervention tested. Most of these trials were large, 
multicentered, and adhered to several of the quality 
metrics we evaluated. This finding is particularly impor-
tant given that many of the noninferiority trials have 
been the basis of approval for new treatments.6–9,18–21 
However, we noted important methodological limita-
tions, including the use of wide noninferiority margins, 
sizeable underenrollment or postrandomization exclu-
sions, and absence of confirmatory analyses or discor-
dant results between the intention-to-treat versus as-
treated analyses. Over one-third of trials (39.6%) did 
not have a published methods paper or study protocol. 
Of those with a methods paper or protocol, 1 in 8 had 
discrepancies related to the noninferiority margin, in 
comparison with the published manuscript. Several tri-

Figure 1. Results of primary end points in included studies.  
Effect size for included studies is shown as absolute risk difference (ARD), odds ratio (OR), relative risk (RR), or hazard ratio (HR) according to the original studies. The line 
of no difference denotes 0 for ARD, and 1 for OR, RR, or HR. Delta reflects the margin the trialists chose for noninferiority in each study. If the 95% CIs fall above the 
line of no difference, the tested intervention is noninferior and superior, if the CIs are not crossing –∆, the intervention is noninferior, and if both CIs are below –∆ (the 
noninferiority margin), the tested intervention is inferior. a, The intervention was not only noninferior, but also superior; b, noninferior with favorable point estimate; c, 
noninferior with worse point estimate; d, statistically inferior but noninferior per investigators’ criteria; e through g, inconclusive results; h, inferior but not noninferior.
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als suffered from a constellation of factors that could 
predispose the results toward noninferiority, potentially 
undermining the confidence in the trial results.

Noninferiority trials are inherently more susceptible 
to limitations and bias and are more difficult to con-

duct and interpret,22 in comparison with superiority 
trials. First, most biases applying to superiority trials, 
the open-label design, lack of allocation sequence 
concealment, and blinded adjudication can similarly 
undermine the noninferiority trials. Second, many 

Table 2. Factors Related to Risk of Bias Across the Included Studies

Factors Relevance Definition
Trials at Risk of 

Bias, n (%)

Major factors

    Chosen population 
for primary analysis

Noninferiority trials are prone to specific biases. Although 
intention-to-treat most accurately reflects the outcomes in 
all patients with the treatment as a strategy, there would be 
limitations in noninferiority design when many patients do 
not receive the treatment or if there is significant crossover 
(causing false claims of noninferiority). A per-protocol or as-
treated population may provide more reliable data regarding 
safety of a new therapy, but also efficacy in non-inferiority 
trials. Ideally, the primary results should be reported for these 
2 different populations.

Analysis would be adequate if the primary 
end point is analyzed in (1) the intention-
to-treat or modified intention-to-treat 
population, and 2) either the per-protocol or 
as-treated population. The analysis plan and 
the definitions of these populations should 
be prespecified in the protocol or statistical 
analysis plan.

41 (36.9%)

    Justification for 
noninferiority margin

Contrary to superiority trials, findings of noninferiority 
trials are fundamentally dependent on investigator-defined 
noninferiority margins. Studies may report sufficient statistical 
justification, clinical judgment justification only, or provide 
no information. Unreasonably wide margins that are not 
justified could potentially lead to claims of noninferiority for 
interventions that might be worse than the standard of care.

The noninferiority margin is considered 
sufficiently justified if it is selected based on 
preservation of at least a major portion of the 
efficacy of standard of care versus placebo or 
no treatment (typically 50%). The noninferiority 
margin is also considered justified if there is 
explicit discussion of the clinical judgment 
deciding on the therapeutic interchangeability.

43 (38.7%)

    One-sided type I error In noninferiority trials, the investigators already accept a 
reasonable margin of reduced efficacy (noninferiority margin). 
It remains crucial that stringent criteria are followed to avoid 
additional sources of bias that could lead into potentially false 
claims of noninferiority.

One-sided αof ≤0.05 would be considered 
acceptable. One-sided αof 0.025 (consistent 
with a 2-sided 95% CI) is preferable.

1 (1.0%)

    New intervention 
being compared with 
the best available 
alternative

Declaring noninferiority to an intervention that is not 
the standard of care or the best available option is not 
appropriate.

Design is acceptable if the new intervention is 
compared against standard of care (typically 
the best available option for the studied 
condition).

0

    Underenrollment 
or early 
postrandomization 
exclusions >10% of 
the cohort

Underenrollment, or exclusion of a large proportion of 
patients, could undermine the credibility of the results. 
Specifically, if absolute risk is used as the effect measure, 
unanticipated and unaccounted for underenrollment or 
postrandomization exclusions could lead to low event rates 
and, therefore, false claims of noninferiority.

Underenrollment or unanticipated and 
unaccounted for postrandomization 
exclusions rate of <10% of population 
from the final analysis (including exclusions 
immediately after enrollment, or loss to 
follow-up) when using absolute risk for 
noninferiority margin is desirable.

27 (24.3%)

Minor factors

    Declaration of 
noninferiority design 
in the title or the 
abstract

The abstract is the most visible part of a manuscript and many 
times the only part of an article read by physicians.

Reporting of noninferiority design either in 
the title or the abstract would be considered 
adequate.

14 (12.6%)

    A design paper 
published or the 
study protocol 
available with the 
full text

Publication of a design paper provides the opportunity to 
describe the study plan typically in greater detail than the 
pivotal manuscript, which allows critical review by other 
investigators.

Publication of a design paper before 
publication of the main study would be 
considered adequate. Alternatively, the detailed 
study protocol can appear in a Supplemental 
Appendix of the main manuscript.

44 (39.6%)

    Allocation 
concealment

Allocation concealment helps prevent selection bias related to 
intervention assignment. It protects the allocation sequence 
before and until assignment, and can always be successfully 
done regardless of the type of intervention.

A clear statement about concealing the 
allocation of the patients would be considered 
adequate.

11 (9.9%)

    Blinding Blinding attempts to prevent performance bias (eg, provision 
of dissimilar ancillary therapies) and detection/ascertainment 
bias (provision of dissimilar tests) after assignment.

Single-blind or double-blind studies would be 
considered adequate.

60 (54.0%) 
open label, 12 
(10.8%) single 

blind

    Blinded adjudication 
of outcomes

Even for device trials where blinding is difficult to achieve, 
blinded adjudication of events is usually feasible.

Clear description of blind adjudication of 
outcomes would be considered adequate.

20 (18.0%)
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specific biases can impact noninferiority trials and 
compromise their findings. Use of large type I error 
margins leads to claims of noninferiority for interven-
tions that might be meaningfully worse than the stan-
dard of care. The intention-to-treat principle keeps 
the integrity of randomization. However, in noninfe-
riority trials, early discontinuations, poor treatment 
adherence, crossovers, and other exclusions (regard-
less of why they happen)22 may lead to false claims of 
noninferiority,23 especially if absolute risk difference is 
used as the effect measure.24 The per-protocol (or as-
treated) analyses address these issues but are limited 
by breaking the randomization. Concordant results 
from the intention-to-treat and per-protocol analyses 
are reassuring, but the discrepancy of the 2 analyses25 
raises uncertainty around a claim of noninferiority. Use 
of absolute risk difference as the effect measure is also 
associated with increased risk of falsely claiming for 
noninferiority, especially when there are a lower num-
ber of events than expected.26 Use of relative effect 
measures (odds ratios, relative risk, and hazard ratios), 
in general, are more helpful, but could be problematic 
if the actual event rate far exceeds the expected event 
rate, which may rarely happen. Ideally, the use of both 
absolute and relative measures is preferable.27

Because noninferiority trials heavily rely on the inves-
tigator-defined margin of noninferiority, the choice of 

the margin and adequate justification of such a mar-
gin would be critical.2,13,14,28 The noninferiority margin 
should be specified based on both statistical reason-
ing and clinical judgment. Choosing an extremely wide 
margin may lead to a claim of noninferiority for an in-
tervention that is markedly worse than the standard of 
care. In contrast, choosing an extremely stringent mar-
gin may lead to failure to detect noninferiority for an 
intervention with acceptable efficacy and the potential 
to reduce costs or adverse events. Appropriate nonin-
feriority margins are typically chosen based on putative 
placebo analysis, or as a clear explanation of expert 
consensus where robust historical data are not avail-
able. Clear reporting of such information would help 
the readers to better understand the clinical relevance 
and trade-offs. In our study, the majority of the includ-
ed trials provided adequate justification of the noninfe-
riority margin,7 whereas the information was missing or 
insufficient in some cases. We identified a few cases of 
discrepancy for the inferiority margin between the final 
publication and the previously prepared design paper/
protocol. Although such discrepancies did not lead to 
critical changes in the trial conclusion in most cases, 
our sample of trials in the highest-impact journals likely 
represents a best case scenario of the cardiovascular lit-
erature. It is possible that other noninferiority trials pub-
lished in other journals are prone to more prominent 

Figure 2. Distribution of trials according 
to limitations for major factors and minor 
factors.

Figure 3. Trend in publication of cardiovas-
cular noninferiority trials over time.
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discrepancies between a design paper/ protocol and 
the final publication. If various practical reasons war-
rant a change in the predefined noninferiority margin, 
this should be clearly and thoroughly discussed by the 
trialists in the final publication.

The increased publication of noninferiority trials over 
time may be indicative of the shift in research priorities. 
We hypothesize that for some cardiovascular condi-
tions, a ceiling effect for efficacy with current treatment 
paradigms might have been reached. However, because 
of costs, convenience, or safety concerns, the investiga-
tors and funders shift the attention toward alternatives 
with similar efficacy but with ancillary benefits. Of note, 
we identified a lower risk of bias for trials in recent years, 
concurrent with release of the updated version of the 
CONSORT statement and the FDA guidance statement 
for noninferiority trials.13,14 The observed trend of the 
published trials may have better fitted a nonlinear or 
segmented regression model. However, because of the 
post hoc nature of this observation, we refrained from 
changing the regression model to avoid overfitting.

The ancillary benefits for some of the interventions 
were obvious (eg, outpatient treatment rather than in-
patient treatment, or minimally invasive surgery rather 
than open surgery). For others, the benefits were pre-
sumed or less clear. The approval of additional alterna-
tives could potentially put more pressure on the entire 
class of a given intervention, thereby making the inter-
vention more affordable. Ideally, a formal assessment 
of the superiority for the ancillary benefits should be 
considered.29

In the design of our study, we consulted with the 
guidelines from the FDA for assessment of noninfe-
riority trials. In fact, our studied variables were sim-
ilar to what was explored in FDA panels related to 
noninferiority trials in other fields.30 Based on our in-
vestigation, we propose careful attention to several 
methodological and reporting factors for trialists and 
readers of noninferiority trials (Table  3). Assessment 
of the information submitted to clinicaltrials.gov is 
another interesting topic that has been addressed in 
other studies.12

Our decision to investigate the studies published 
in highest-impact journals needs further explana-
tion. This decision was, in part, attributable to prac-
tical considerations given the time-consuming nature 
of manual screening of the articles and extraction of 
several data elements that required assessment and 
interpretation. In addition, it is expected that studies 
published in NEJM/Lancet/JAMA are generally larger, 
and address clinically important (rather than surro-
gate) outcomes. Many of the high-quality practice-
changing cardiovascular trials get published in these 
journals.31 To further explore this issue, we conducted 
a search of the 3 high-impact cardiology journals (Cir-
culation, European Heart Journal, and Journal of the 

American College of Cardiology). During the same 
study period (1990–2016), we identified 10 694 ci-
tations, and 329 were manually screened further for 
noninferiority or equivalence trials. Ultimately, 92 rele-
vant trials were identified in those cardiology journals. 
The median (IQR) number of patients in studies pub-
lished in NEJM/Lancet/JAMA was significantly higher 
than studies published in the 3 cardiology journals 
(2707 [IQR,1021–5966] versus 628 [IQR, 300–1400], 
P<0.0001). Furthermore, contrary to noninferiority tri-
als in NEJM/Lancet/JAMA, several of the noninferiority 
trials in the 3 cardiology journals used primary sur-
rogate end points (rather than clinical end points) for 
testing the noninferiority of the primary end point. In 
fact, other studies have suggested that methodologi-
cal and reporting characteristics of studies published 
in those specialty journals are similar, if not worse, in 
comparison with NEJM/Lancet/JAMA.31

Our study has some limitations. First, in assessing 
the risk of methodological or reporting limitations 
across the studies, we considered the best results from 
the trials with multiple arms or coprimary end points. 
Therefore, our findings likely represent the best-case 
scenario for the noninferiority cardiovascular trials. 
Second, there were additional factors that we would 
have preferred to look into, such as the use of run-in 
phase, details about crossovers, and treatment adher-
ence (especially in the control group). However, these 
measures were inconsistently reported across the tri-
als. Third, we acknowledge that some of the minor 
factors we studied (such as reporting the noninferior-
ity design in the title or abstract) do not necessarily 
represent bias. However, it is important that a nonin-
feriority trial is clearly conveyed as such. For this rea-
son, such factors are included in the CONSORT criteria 
for assessment of risk of bias, and we included them 
in our study. Third, there might be variations among 
investigators for the definitions and operationalization 
of some of the quality metrics that we assessed. We 
tried to address this challenge by incorporating a di-
verse team inclusive of investigators with expertise in 
outcomes research, clinical trial design and method-
ology, and regulatory aspects for noninferiority trials. 
Fourth, a plethora of other factors (including changing 
the definition of the primary end point from proto-
col to publication, changing the noninferiority margin 
over time, or changing the prespecified analytical plan 
of the trial, and the difference between the estimated 
and actual power of the study for detection of nonin-
feriority) would be additional informative aspects that 
could shed light on methodological features and risk 
of bias among noninferiority trials. Although we did 
not formally assess such factors in the current study, 
they could be subject to future investigations. Fifth, 
our study does not include noninferiority trials pub-
lished in 2017 or 2018. Although the addition of more 
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studies could have increased the study sample, we are 
unaware of a reason to expect distinctly different re-
sults for those 2 years in comparison with other recent 
trials. Finally, the results might be different for nonin-
feriority trials related to fields other than cardiovas-
cular medicine. However, the factors that predispose 
trials to bias are similar across the medical and surgical 
specialties.32,33

In conclusion, the number of noninferiority cardio-
vascular trials published in high-impact journals has in-
creased over time. Although most claimed noninferior-
ity of the tested intervention compared with control, 
many contained methodological or reporting limita-
tions that pose risks for bias, potentially undermining 
the validity of their conclusions. Raising the awareness 
about such limitations, and better adherence to recom-
mendations by the FDA and the CONSORT guidelines 
for the design, conduct, and reporting of noninferior-

ity trials will enhance confidence in the effectiveness of 
emerging alternative therapies.
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Table 3. Key Methodological and Reporting Factors to Consider for Noninferiority Trials

Methodological and Reporting Factors Comment

Design and conduct

    One-sided type I error (α) should be ideally set at 0.025 or lower This will correspond to a 2-sided type I error of 0.05.

    Thinking of strategies to improve treatment adherence and minimize 
crossovers

If there is a concern for notable crossover or variable treatment adherence, 
the primary end point should be tested with both absolute and relative 
effect measures.

    The new intervention should be tested against the best available alternative 
or standard of care. Assume that intervention A is the standard of care. 
Studies may show that a new intervention B is noninferior to A. Subsequently, 
a second study may show noninferiority of an intervention C to B. However, 
this is insufficient, because we do not know if C is noninferior to A. This 
phenomenon is referred to as noninferiority creep, and should be avoided.

The exception is safety noninferiority trials in which an intervention with 
promise for certain efficacy end points is tested for a primary safety outcome 
against no intervention or placebo.

    Attempting to ensure blinding, and at least allocation sequence 
concealment, as well-blinded outcome adjudication.

Blinding is ideal but not always feasible. However, allocation sequence 
concealment is always feasible. Blinded adjudication should also be feasible 
in most scenarios.

    Selecting the noninferiority margin based on clinical justification, statistical 
justification, or both, at the design phase. Also, ideally planning to show the 
superiority of the tested intervention for the ancillary benefit(s).

Because, in noninferiority trials, a margin of reduced efficacy is allowed, 
it would be valuable to show that the ancillary benefits of the tested 
intervention are evident, rather than presumed. If the ancillary benefits 
are evident (eg, minimally invasive procedure vs open surgery, or home 
treatment vs in-hospital treatment), this part could be skipped.

Analysis

    Reporting the results in the intention-to-treat cohort and showing 
consistency of the findings in per-protocol (or as-treated) analysis

The results are reassuring when the intention-to-treat analysis (which keeps 
the randomization intact) and per-protocol (or as-treated) analysis yield 
similar findings.

    Testing (confirming) noninferiority based on both absolute and relative effect 
measures

Absolute effect measures (such as risk difference) are helpful because 
they relay clinically meaningful information (eg, 5% absolute difference 
in all-cause mortality). However, absolute effect measures may become 
challenging, especially if there is a high crossover rate, lower than expected 
event rates, or low treatment adherence. Providing confirmatory analyses 
with relative effect measures in those scenarios will be helpful.

Reporting

    Either a design paper should be published before publication of the main 
study results, or the study protocol should be publicly released for review 
and assessment of consistency with the final publication.

The details of study methodology (including the sample size or the 
noninferiority margin) may need to be changed based on the event rate, 
feedback from the regulatory agencies, or other reasons. Although this may 
be inevitable in some scenarios, clear explanations for these changes are 
recommended in the main publication.

    Reporting the noninferiority design and margin in the abstract and full-text  

    Reporting the statistical and clinical justification for the choice of the 
noninferiority margin

 

    Aligning the conclusions with the statistical study findings  
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