
Characteristics of Contemporary Randomized Clinical Trials
and Their Association With the Trial Funding Source
in Invasive Cardiovascular Interventions
Mario Gaudino, MD; Irbaz Hameed, MD; Mohamed Rahouma, MD; Faiza M. Khan, MD; Derrick Y. Tam, MD;
Giuseppe Biondi-Zoccai, MD, MStat; Michelle Demetres, MLIS; Mary E. Charlson, MD; Marc Ruel, MD;
Filippo Crea, MD; Volkmar Falk, MD; Leonard N. Girardi, MD; Stephen Fremes, MD; Joanna Chikwe, MD

IMPORTANCE Changes in evidence-based practice and guideline recommendations depend
on high-quality randomized clinical trials (RCTs). Commercial device and pharmaceutical
manufacturers are frequently involved in the funding, design, conduct, and reporting of trials,
the implications of which have not been recently analyzed.

OBJECTIVE To evaluate the design, outcomes, and reporting of contemporary randomized
clinical trials of invasive cardiovascular interventions and their association with the funding
source.

DESIGN, SETTING, AND PARTICIPANTS This cross-sectional study analyzed published RCTs
between January 1, 2008, to May 31, 2019. The trials included those involving coronary,
vascular and structural interventional cardiology, and vascular and cardiac surgical
procedures.

MAIN OUTCOMES AND MEASURES We assessed (1) trial characteristics, (2) finding of a
statistically significant difference in the primary end point favoring the experimental
intervention, (3) reporting of implied treatment advantage in trials without significant
differences in primary end point, (4) existence of major discrepancies between registered
and published primary outcomes, (5) number of patients whose outcomes would need to
switch from a nonevent to an event to convert a significant difference in primary end point
to nonsignificant, and (6) association with funding source.

RESULTS Of the 216 RCTs analyzed, 115 (53.2%) reported having commercial sponsorship.
Most trials had 80% power to detect an estimated treatment effect of 30%, and 128 trials
(59.3%) used composite primary end points. The median (interquartile range [IQR]) sample
size was 502 (204-1702) patients, and the median (IQR) follow-up duration was 12 (1.0-14.4)
months. Overall, 123 trials (57.0%) reported a statistically significant difference in the primary
outcome favoring the experimental intervention; reporting strategies that implied an
advantage were identified in 55 (65.5%) of 84 trials that reported nonsignificant differences.
Commercial sponsorship was associated with a statistically significantly greater likelihood of
favorable outcomes reporting (exponent of regression coefficient β, 2.80; 95% CI, 1.09-7.18;
P = .03) and with the reporting of findings that are inconsistent with the trial results.
Discrepancies between the registered and published primary outcomes were found in 82
trials (38.0%), without differences in trial sponsorship. A median (IQR) number of 5 (2.8-12.5)
patients experiencing a different outcome would have change statistically significant results
to nonsignificant. Commercial sponsorship was associated with a greater number of patients
(exponent of regression coefficient β, 1.29; 95% CI, 1.00-1.66; P = .04).

CONCLUSIONS AND RELEVANCE These results suggest that contemporary RCTs of invasive
cardiovascular interventions are relatively small and fragile, have short follow-up, and have
limited power to detect large treatment effects. Commercial support appeared to be
associated with differences in trial design, results, and reporting.
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E vidence-based practice relies on high-quality random-
ized clinical trials (RCTs).1 However, past analyses of
RCTs in different fields have shown major limitations

in study design and reporting.2-4 Randomized clinical trials
require substantial funding that is often provided by commer-
cial drug and device manufacturers, which may incur large
financial penalties from negative or neutral study findings.5

Systematic reviews of RCTs in several fields, including cardio-
vascular medicine, have reported an association between
commercially sponsored trials and a greater likelihood of re-
porting results that favor the sponsor-related experimental
intervention.5-7At the individual-study level, this favorable
finding has been associated with mechanisms such as unrep-
resentative patient selection, use of surrogate end points, and
follow-up intervals that maximize the outcome of the spon-
sored intervention.5-8

For trials that find no difference between the treatment co-
horts, biased reporting of nonsignificant outcomes that inten-
tionally or unintentionally favor a specific treatment option
has occurred,8,9 although the relationship of such reports with
the trial sponsors has not been investigated.

Most attributes of RCT design, conduct, results, and
reporting can be quantified and analyzed using statistical
methods. For example, the fragility of study findings (ie,
Fragility Index) may be defined by the minimum number of
patients whose outcomes, if switched from a nonevent to an
event, would convert a statistically significant result to a
nonsignificant result.10,11 Lower values indicate less robust
results. Similarly, the reporting of implied advantages of the
experimental intervention despite nonsignificant differ-
ences in the primary outcome (ie, spin) may also be mea-
sured and quantified.3,12,13

The aim of this cross-sectional study was to describe the
main characteristics of contemporary RCTs of invasive car-
diovascular interventions, including study design, out-
comes, and reporting, and to evaluate their association with
the funding source.

We focused on cardiovascular research because of the pub-
lic health burden presented by cardiovascular disease, which
accounts for approximately 800 000 deaths annually and 1 in
every 6 health care dollars spent in the US.14 We also exam-
ined commercial sponsorship, which has been reported in more
than 44% of cardiovascular trials.5

Methods
Search Strategy
A comprehensive literature search was performed to identify
coronary, vascular, and structural interventional cardiology
and vascular and cardiac surgical RCTs published between
January 1, 2008, to May 31, 2019. The search was performed
by the medical librarian on our team (M.D.), and the search
strategy, full set of key words, and MeSH (Medical Subject
Headings) terms used are provided in eTable 1 in the Supple-
ment. We used the Preferred Reporting Items for Systematic
Reviews and Meta-analyses (PRISMA) reporting guideline
(eAppendix in the Supplement). This study (PROSPERO

registration: CRD42019133404) was approved by the National
Institute of Health Research.

Extraction of Trial Data
The following data were recorded for each RCT: information
on the trial sponsors (names and affiliations), declared con-
flict of interest of first and last authors, journal of publication
and impact factor (according to Clarivate Analytics15), year of
publication, type of intervention, single-center or multi-
center study, geographic locations of the participating cen-
ters, details of the primary outcome (definition of the out-
come and composite or noncomposite end points), number of
screened patients and percentage of screened patients en-
rolled in the trial, sample size, statistical power, treatment ef-
fect (relative risk reduction) size estimation used for sample
size calculation, length or duration of the follow-up, number
of events, number of patients lost to follow-up, number of
citations on Web of Science15 (until July 2019), and details of
the primary analysis (intention to treat, as treated or per
protocol, superiority, and equivalence or noninferiority).

To identify the primary outcomes, we examined the fol-
lowing sequentially: trial methods, design, primary aim, and
outcome used in the sample size calculation. If no primary out-
come was clearly identified (ie, explicitly specified in the ar-
ticle, in a sample size calculation, or in the primary study ob-
jectives), we deemed the trial ineligible for subsequent analyses
and excluded it. We classified primary outcomes as major or
minor clinical events using a classification scheme (eTable 2
in the Supplement). We classified composite outcomes that in-
cluded 1 or more minor clinical events as minor clinical events.

The conflicts of interest of the first and last authors were
identified from the disclosure statement published in the ar-
ticle or its supplementary material. For trials that listed co–
first authors, the disclosures of both authors were consid-
ered. Author conflicts of interest were defined as any report

Key Points
Questions What are the characteristics, including design,
outcomes, and reporting, of contemporary randomized clinical
trials of invasive cardiovascular interventions, and what is their
association with the funding source?

Findings In this cross-sectional analysis of 216 trials of invasive
cardiovascular interventions, most trials reported a statistically
significant difference in the primary outcome favoring the
experimental therapy and used reporting strategies that implied
an advantage with nonsignificant differences in primary outcome
(spin). Discrepancies between the registered and published
primary outcomes were found in 38% of trials; a median of 5
patients experiencing a different outcome would have changed
statistically significant results to nonsignificant; and commercially
sponsored trials appeared to be associated with differences in trial
design, results, and reporting.

Meaning Findings of this study suggest that contemporary trials
in invasive cardiovascular treatments may be small and fragile,
have short follow-up, and have limited power to detect large
treatment effects.
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of consulting, advisory, or speaking fees or honoraria, stock
ownership, affiliation, or employment by the study sponsor.

Two of us (I.H. and M.R.), blinded to the trial funding
sources and study characteristics, independently screened the
citations and extracted data using a method that has been de-
scribed previously.16-18 One of us (M.G.) resolved any discrep-
ancies that emerged.

Analysis of Trials
Randomized clinical trials were classified as commercially
sponsored if they were industry initiated and sponsored or if
they were investigator initiated that received commercial sup-
port. Trials were classified as noncommercially sponsored if
they were investigator initiated and reported sponsorship from
a local or federal government or hospital or if they had no spon-
sors. For commercially sponsored trials, the body of the ar-
ticles, supplementary materials, and original trial designs were
also analyzed for report of commercial or sponsor involve-
ment in the trial design, conduct, analysis, or reporting.

Classification of Trial Results
Consistent with previous reports,6,19,20 the trials in this study
were classified as favorable or unfavorable for the experimen-
tal therapy according to their results. A trial was classified as
favorable if, for at least 1 primary outcome among those de-
fined in the protocol, the experimental therapy was statisti-
cally significantly (P < .05 or a 95% CI that excluded the null
value) better than the control therapy (in superiority trials), the
experimental therapy was not substantially worse than the con-
trol therapy (in noninferiority trials), or the effects of the treat-
ments differed by no more than the equivalence margin (in
equivalence trials).

Appraisal of Spin
In trials that reported a statistically nonsignificant difference
in the primary outcome, we assessed the spin, the presence
and amount of distortion or misrepresentation of value or
advantage.3,13 Spin is the use of specific reporting strategies to
suggest that the experimental treatment is advantageous or
noninferior despite a statistically nonsignificant difference in
the primary outcome, or to distract the reader from statisti-
cally nonsignificant results.

For each selected article, 2 of us (I.H. and F.K.), blinded to
the funding sources and study characteristics, indepen-
dently read the full manuscripts and the online appendices to
assess their contents, using a pretested and standardized data
abstraction form as previously described.3 One of us (M.G.) re-
solved any discrepancies. The presence of spin was assessed
in the following sections of the manuscript: title; abstract re-
sults and abstract conclusions; and main text results, discus-
sion, and conclusions.

On the basis of the described methods, the following
strategies of spin were considered for superiority design
trials: (1) focusing on secondary statistically significant
results (within-group comparison, secondary outcomes,
subgroup analyses, and modified population of analyses),
(2) interpreting statistically nonsignificant results for the pri-
mary outcomes as showing treatment equivalence or com-

parable effectiveness, and (3) claiming or emphasizing the
advantage of the experimental treatment despite statistically
nonsignificant results.3 For noninferiority design trials, spin
was considered when trials (1) claimed or emphasized non-
inferiority despite not establishing noninferiority boundaries
or when data were inconclusive, and (2) focused on other
results (such as secondary outcomes or information from
other studies) when noninferiority was not established,
inconclusive, or unclear.13 Other spin strategies that could
not be classified according to this scheme were systemati-
cally recorded and classified as others.3,13 (eTable 3 in the
Supplement). The extent of spin is defined as the number of
sections in the entire article with spin.

Assessment of Discrepancy Between the Registered
and Published Primary Outcomes
For each RCT, we identified the registration number listed in
the article (ie, registration with ClinicalTrials.gov, ISRCTN reg-
ister, or country-specific registries). We considered only trials
that were prospectively registered and with a clear descrip-
tion of the primary outcome. A major discrepancy between the
registered and the published primary outcomes was identi-
fied if the outcomes were different or assessed at different time
points. Consistent with previous definitions,21,22 we defined
major discrepancies as (1) a prespecified primary outcome in
the trial registration protocol that was reported as a second-
ary outcome in the final published article, (2) a published pri-
mary outcome that was described as a secondary outcome in
the registry, (3) prespecified primary outcomes in the trial reg-
istration that were not reported in the published article, (4) a
new primary outcome that was introduced in the published
article, and (5) a difference between the timing of assessment
of the primary outcome in the registered protocol and in the
published article.22

Two of us (I.H. and M.R.), blinded to the trial funding
sources, analyzed the trials. All discrepancies were discussed
to obtain consensus, and if needed, the article in question was
discussed with our first author (M.G.).

Calculation of the Fragility Index
For trials with a superiority design that reported at least 1
statistically significant dichotomous primary outcome
(P < .05 or a 95% CI that excluded the null value), we quanti-
fied how robust the results were by using the Fragility Index
described by Walsh et al11 and applied by Gaudino et al23 for
cardiovascular clinical trials. The Fragility Index is defined
as the number of patients whose status would need to
switch from a nonevent to an event to render a statistically
significant difference not significant. The results for each
outcome were entered in a 2 × 2 contingency table, and then
the P value for each outcome was calculated with a 2-sided
Fisher exact test. Single participants were iteratively shifted
1 at a time in the lower-incidence treatment group from non-
event to event, and the P value for the 2 × 2 table was recal-
culated. The Fragility Index for an outcome equaled the
smallest number of patients required to turn the recalcu-
lated P value nonsignificant (P ≥ .05). Lower values indicate
less robust results.
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Statistical Analysis
Categorical variables were reported as counts and percent-
ages. All continuous variables were not normally distributed
by visual inspection of the data and Shapiro-Wilk normality
test and were reported as medians with interquartile ranges
(IQRs).

Descriptive analyses were performed to compare com-
mercially and noncommercially sponsored groups. For con-
tinuous variables, the Mann-Whitney test was used to com-
pare the 2 groups. Categorical variables were compared using
χ2 and Fisher exact tests. Regression analyses were con-
ducted to identify the factors associated with the (1) selec-
tion of major clinical events as the primary end point (using
binary logistic regression), (2) favorable trial outcomes (using
binary logistic regression), (3) extent of spin (using multivari-
able ordinal logistic regression), (4) discrepancy between
registered and published primary outcomes (using binary lo-
gistic regression), and (5) Fragility Index (using Poisson re-
gression). Covariates for the models were selected according
to their relevance to trial methods and included trial sponsor-
ship, author conflict of interest, type of intervention in experi-
mental intervention (nonsurgical vs surgical), power, sample
size, year of trial publication, scale of the trial (single center
vs multicenter), and type of end points. In the multivariable
regression models, each variable was adjusted for covariates
that were statistically significantly associated with the vari-
able on univariate analyses. Multicollinearity was assessed
using the variance inflation factor. Nonlinearity was assessed
using the residual plot of fitted values vs the residuals, and by
testing quadratic terms of the continuous variables in the mod-
els. Nonlinear continuous variables were categorized on the
basis of their median value.

Results were reported as the exponent of the regression
coefficient (Exp [β]) and its 95% Wald CI (ie, interpreted as the
odds ratio for logistic regression, with values >1 suggesting
greater association of the covariate with the outcome). Sensi-
tivity analysis was performed to compare trials that were in-
dustry initiated and supported with trials that were noncom-
mercially sponsored, excluding investigator-initiated studies
that received commercial support.

Two-sided significance testing was used, and P < .05 was
considered statistically significant without adjustment for mul-
tiple testing. All analyses were performed with SPSS, version
24 (IBM), and R, version 3.4.2 within RStudio (R Foundation
for Statistical Computing).

Results
Of the 1155 articles screened, 216 were eligible for analysis
(Figure 1 and Table 1). The outcomes analyzed for the trials are
summarized in Table 2. Of the 216 articles, 170 (78.7%) were
multicenter trials and 125 (57.9%) originated from Europe, 26
(12.0%) from North America, and 23 (10.6%) from Asia. Most
trials were designed to have 80% power to detect a treatment
effect of 30%. Most trials used a superiority design (n = 171
[79.2%]) and intention to treat as the main analysis (n = 196
[90.7%]). One hundred eighty-one trials (83.8%) were regis-

tered before the start of enrollment, and 35 (16.2%) were not
prospectively registered. One hundred twenty-eight trials
(59.3%) used composite end points as the primary outcome,
and 115 (53.2%) used major clinical events as the primary out-
come. The median (IQR) percentage of screened patients en-
rolled was 62.4% (26.9%-95.5%), and the median (IQR) sample
size was 502 (204-1702) patients. The median (IQR) follow-up
duration was 12 (1.0-14.4) months, and the median (IQR) per-
centage of patients lost to follow-up was 0.5% (0.0%-2.5%)
(Table 1).

More than half of the trials (n = 115 [53.2%]) were com-
mercially sponsored, of which 37 (17.1%) were investigator-
initiated studies that received commercial support; 21 trials
(9.7%) specified commercial involvement in study design, con-
duct, or reporting (Table 1). Sixty-seven (31.0%) of the com-
mercially sponsored trials reported a conflict of interest of the
first and/or last author with the study sponsors.

Compared with noncommercially sponsored studies, com-
mercially sponsored trials were more often multicenter (101
of 115 [87.8%] vs 69 of 101 [68.3%]; P = .001) and used a non-
inferiority design (30 of 115 [26.1%] vs 15 of 101 [14.9%]; P = .04).
No significant difference was found in the treatment effect size
used for sample size calculation (median [IQR], 33.0% [25.0%-
50.0%] vs 40.0% [25.0%-50.8%]; P = .18) and the use of com-
posite outcomes (median [IQR], 75 of 115 [65.2%] vs 53 of 101
[52.5%]; P = .07) between commercially sponsored and non-
commercially sponsored trials (Table 1).

Figure 1. CONSORT Flow Diagram

7 Additional articles identified
through snowballing

1155 Articles identified through
database searching

62 Trials eligible for calculation
of fragility index

84 Trials eligible for appraisal
of spin

489 Excluded

106 Not RCTs

51 Pilot studies

120 Post hoc studies
118 No primary outcome

identified

94 RCT protocols

216 Trials included in analysis

450 Excluded based on review
of titles and abstracts

705 Assessed for eligibility

154 Excluded noninferiority design
trials and trials not reporting at
least 1 statistically significant
dichotomous primary outcome

132 Excluded trials with primary
outcomes

RCT indicates randomized clinical trial.
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Commercially sponsored trials vs noncommercially
sponsored trials screened similar numbers of patients (me-
dian [IQR], 1817 [447-3740] vs 1576 [439-4113]; P = .82),
included more screened patients (median [IQR], 75.4%

[33.3%-97.1%] vs 48.8% [19.0%-81.9%]; P = .02), and had
larger sample sizes (median [IQR], 800 [353-2032] vs 302
[140-788]; P < .001). The median (IQR) duration of the
follow-up was similar for commercially and noncommer-

Table 1. Summary of the Characteristics of the Trials Analyzed

Characteristic

No. (%)

P valueOverall

RCT
Commercially
sponsored

Noncommercially
sponsored

Total No. of trials 216 115 (53.2) 101 (46.8) NA

Prospective registration of trial 181 (83.8) 102 (88.7)a 79 (78.2)a .04

Superiority design 171 (79.2) 85 (73.9)a 86 (85.1)a .04

Noninferiority design 45 (20.8) 30 (26.1)a 15 (14.9)a .04

Intention-to-treat analysis 196 (90.7) 104 (90.4) 92 (91.1) .45

Multicenter trial 170 (78.7) 101 (87.8)a 69 (68.3)a .001

Use of composite primary outcome 128 (59.3) 75 (65.2) 53 (52.5) .07

Estimated treatment effect,
median (IQR), %

33.0 (25.0-50.0) 33.0 (25.0-50.0) 40.0 (25.0-50.8) .18

Power, median (IQR), % 80 (80-90) 80 (80-88) 80 (80-90) .34

No. of screened patients, median (IQR) 1710 (447-3891) 1817 (447-3740) 1576 (439-4113) .82

Sample size, median (IQR) 502 (204-1702) 800 (353-2032)a 302 (140-788)a <.001

Screened patients included in sample size,
median (IQR), %

62.4 (26.9-95.5) 75.4 (33.3-97.1)a 48.8 (19.0-81.9)a .02

Sample size lost to follow-up,
median (IQR), %

0.5 (0.0-2.5) 1.0 (0.0-2.5)a 0.1 (0.0-2.4)a .01

Duration of follow-up, median (IQR), mo 12.0 (1.0-14.4) 12.0 (1.0-12.0) 12.0 (1.0-18.4) .67

Commercial involvement in trial conduct
and reporting

21 (9.7) 21 (18.3) NA NA

Conflict of interest of first or last author 67 (31.0) 67 (58.2)a NA NA

Consulting fees 16 (23.9) 16 (23.9) NA NA

Advisory fees 7 (10.4) 7 (10.4) NA NA

Speaking fees 12 (17.9) 12 (17.9) NA NA

Honoraria 10 (14.9) 10 (14.9) NA NA

Stock ownership 4 (6.0) 4 (6.0) NA NA

Affiliation with the study sponsor 29 (43.4) 29 (43.4) NA NA

Employment by the study sponsor 3 (4.5) 3 (4.5) NA NA

Grant support 25 (37.3) 25 (37.3) NA NA

Impact factor of journal, median (IQR) 18.8 (9.9-53.3) 27.1 (16.8-79.3)a 16.8 (4.9-53.3)a .001

Year of publication, median (IQR) 2013
(2011-2015)

2013
(2011-2015)

2013
(2011-2015)

.46

No. of citations, median (IQR) 112 (38-240) 192 (65-349)a 100 (32-251)a .001

Location

Multicontinental 36 (16.7) 28 (24.3)a 8 (7.9)a .001

Asia 23 (10.6) 9 (7.8) 14 (13.9) .15

Europe 125 (57.9) 58 (50.4)a 67 (66.3)a .02

North America 26 (12.0) 17 (14.7) 9 (8.9) .18

South America 4 (1.9) 2 (1.7) 2 (2.0) .89

Not reported 2 (0.9) 1 (0.9) 1 (1.0) .93

Surgical trial 64 (29.6) 23 (20.0)a 41 (40.6)a <.001

Medical trial 18 (8.3) 0 (0.0)a 18 (17.8)a <.001

Interventional cardiology trial 175 (81.0) 99 (78.2)a 76 (75.2)a .04

Percutaneous coronary intervention 127 (58.8) 69 (60.0) 58 (57.4) .70

Transcatheter aortic valve replacement 6 (2.7) 5 (4.3) 1 (1.0) .13

Carotid interventions 26 (12.0) 16 (13.9) 10 (9.9) .36

Lower-limb interventions 5 (2.3) 3 (2.6) 2 (2.0) .89

Percutaneous mitral interventions 3 (1.4) 3 (2.6) 0 (0.0) .37

Endovascular aneurysm repair 8 (3.7) 3 (2.6) 5 (5.0) .36

Abbreviations: IQR, interquartile
range; NA, not applicable;
RCT, randomized clinical trials.
a P < .05 for commercially vs

noncommercially sponsored trials.
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cially sponsored trials (12 months for both; P = .67). The
median (IQR) percentage of patients lost to follow-up was
higher for commercially sponsored trials (1.0% [0.0%-2.5%]
vs 0.1% [0.0%-2.4%]; P = .01). Commercially sponsored
trials were published in journals with higher impact factors
(median [IQR] impact factor, 27.1 [16.8-79.3] vs 16.8 [4.9-
53.3]; P = .001) and had a greater number of citations
(median [IQR] No. of citations, 192 [65-349] vs 100 [32-251];
P = .001) compared with noncommercially sponsored trials
(Table 1).

Of the 115 trials that used major clinical events as primary
outcomes, 57 (49.6%) were commercially sponsored and 58
(57.4%) were noncommercially sponsored. At multivariable re-
gression analysis, commercial sponsorship was inversely as-
sociated with the use of major clinical events as a primary end
point (Exp[β], 0.31; 95% CI, 0.12-0.85; P = .02) (Table 3 and
eTable 5 in the Supplement).

Overall, 123 trials (57.0%) reported results that favored the
experimental intervention. After adjusting for differences in
trial characteristics, commercial sponsorship was associated

Table 3. Results of Multivariable Regression

Variablea

Use of major
clinical event
as primary end
point, Exp(β)
(95% CI)

P
value

Favorable
outcome,
Exp(β)
(95% CI)

P
value

Extent of spin,
Exp(β) (95% CI)

P
value

Discrepancy
between
registered and
published
outcomes,
Exp(β)
(95% CI)

P
value

Fragility index,
Exp(β) (95% CI)

P
value

Commercial sponsorship 0.31
(0.12-0.85)

.02b 2.80
(1.09-7.18)

.03b 4.64
(1.05-20.54)

.04b 0.37
(0.14-1.01)

.05 1.29
(1.00-1.66)

.04b

Author conflict of
interest

1.59
(0.65-3.88)

.30 2.37
(0.91-6.15)

.07 2.14
(0.56-8.23)

.26 1.05
(0.41-2.69)

.92 0.76
(0.61-0.95)

.01b

Type of intervention in
the experimental
therapy (nonsurgical vs
surgical)

0.52
(0.24-1.14)

.10 2.94
(1.13-7.63)

.02b 0.88
(0.52-1.49)

.62 0.63
(0.25-1.57)

.32 0.57
(0.47-0.69)

<0.001b

Power >80% 0.77
(0.39-1.54)

.45 0.77
(0.31-1.90)

.56 1.33
(0.41-4.28)

.63 1.65
(0.65-4.22)

.29 0.84
(0.67-1.06)

.13

Sample size >500 1.34
(0.21-8.62)

.75 1.44
(0.25-8.30)

.68 0.44
(0.03-7.53)

.57 1.81
(0.29-11.43)

.52 1.38
(0.95-2.02)

.09

Year of trial publicationc 0.99
(0.90-1.08)

.78 1.04
(0.95-1.14)

.40 0.92
(0.81-1.05)

.20 0.94
(0.85-1.04)

.24 1.05
(1.02-1.08)

.001b

Multicenter trial 1.05
(0.23-4.83)

.95 1.30
(0.32-5.26)

.71 3.74
(0.14-10.72)

.43 0.62
(0.14-2.82)

.53 2.02
(1.55-2.65)

<.001b

Composite end point 2.42
(0.92-6.36)

.07 1.23
(0.48-3.16)

.66 0.39
(0.11-1.42)

.15 1.84
(0.66-5.08)

.24 0.83
(0.63-1.11)

.21

Abbreviation: Exp(β), exponent of regression coefficient (interpreted as odds
ratio for logistic regression).
a For multivariable regression, each variable was adjusted for trial

method–related covariates that were associated with the variable on
univariate analyses.

b P < .05.
c Year of trial publication was associated with the fragility index only on

univariate analysis; the results presented are for the univariate model.

Table 2. Summary of Outcomes Analyzed for the Trials

Variable

No. (%)

P valueOverall

RCT
Commercially
sponsored

Noncommercially
sponsored

Favorable outcome 123 (57.0) 74 (64.3)a 49 (48.5)a .02

Use of major clinical events as primary
outcome

115 (53.2) 57 (49.6) 58 (57.4) .27

Major discrepancy between published
and registered primary outcome

82 (38.0) 41 (35.7) 41 (40.6) .13

Total No. of trials evaluated for spin 84 (100.0) 36 (42.9) 48 (57.1) NA

Spin present 55 (65.5) 29 (80.6)a 26 (54.2)a .02

Extent of spin

None 29 (34.5) 7 (19.4)a 22 (45.8)a .01

In 1 section other than the conclusion 14 (16.7) 9 (25.0) 5 (10.4) .07

In the conclusion section only 7 (8.3) 4 (11.1) 3 (6.3) .42

In 2 sections 14 (16.7) 5 (13.9) 9 (18.8) .55

In all sections 0 0 0 NA

Total No. of trials evaluated for Fragility
Index

62 34 (54.8) 28 (45.2) NA

Fragility Index, median (IQR) 5.0 (2.8-12.5) 5.0 (2.8-12.5) 4.5 (2.3-14.0) NA

Abbreviations: IQR, interquartile
range; RCT, randomized clinical trial.
a P < .05 for commercially vs

noncommercially sponsored trials.
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with results that favored the experimental therapy (Exp[β],
2.80; 95% CI, 1.09-7.18; P = .03) (Table 3 and eTable 5 in the
Supplement).

Of the 84 trials that reported nonsignificant differences in
the primary outcome, spin was identified in 55 (65.5%), in-
cluding 29 (80.6%) of 36 commercially sponsored trials and
26 (54.2%) of 48 noncommercially sponsored trials (P = .02)
(Table 2 and eTable 6 in the Supplement). The distribution of
the extent of spin is shown in the eFigure in the Supplement.
After adjusting for differences in trial characteristics, we found
that commercial sponsorship was associated with signifi-
cantly greater extent of spin (Exp[β], 4.64; 95% CI, 1.05-
20.54; P = .04) (Table 3 and eTable 5 in the Supplement).

One hundred eighty-one trials (83.8%) had primary out-
comes prospectively reported in a clinical registry. Commer-
cially sponsored trials registered their protocol more often than
noncommercially sponsored trials did (102 of 115 [88.7%] vs
79 of 101 [78.2%]; P = .04). Of the registered trials, 82 (38.0%)
had at least 1 major discrepancy between the registered and
published primary outcomes, and no significant differences
were observed between commercially and noncommercially
sponsored trials (41 of 115 [35.7%] vs 41 of 101 [40.6%]; P = .13),
even after adjusting for trial characteristics (Table 2, Table 3,
and eTable 5 in the Supplement).

The Fragility Index of trial results was analyzed in 62 trials
that reported a statistically significant difference in a dichoto-
mous primary outcome (Figure 2, eFigure, and eTable 7 in the
Supplement). The Fragility Index or the median (IQR) num-
ber of patients whose outcomes, if switched from a nonevent
to an event, would render a statistically significant result not
significant was 5.0 (2.8-12.5) for commercially sponsored trials
and 4.5 (2.3-14.0) for noncommercially sponsored trials
(Table 2). At multivariable regression analysis, commercial
sponsorship was associated with a greater number of pa-
tients needed to change the significance of trial outcomes
(Exp[β], 1.29; 95% CI, 1.00-1.66; P = .04) (Table 3). In 4 trials
(6%) assessed for robustness, the change in condition of only
1 patient was needed to switch the statistical significance.

The sensitivity analysis confirmed the results of the main
analysis (eTable 8 in the Supplement). Further details and the

full reference list are provided in eAppendix, eTable 4, and
eReferences in the Supplement.

Discussion
We analyzed 216 RCTs of invasive cardiovascular interven-
tions published from 2008 to 2019. Most of the trials were mul-
ticenter and used a superiority design and an intention-to-
treat analysis. Trials were generally designed with limited
power (80%) to detect relatively large treatment effects (30%).
Overall, 59.3% of trials used composite end points as a pri-
mary outcome, whereas only 53.2% used major clinical events
as their primary outcome. Trials enrolled 62.4% of the screened
patients, and the median sample size was small (502 pa-
tients). The median follow-up was 12 months, with a small per-
centage of patients lost during follow-up (0.5%). Thirty-five
trials (16.2%) were not prospectively registered. Most trials (123
trials [57.0%]) reported a favorable outcome, and a high per-
centage of trials that reported neutral or unfavorable out-
comes (65.5%) interpreted and published findings that were
inconsistent with the trial results.

More than half of the trials reported commercial support.
Commercially sponsored trials had distinctive characteris-
tics, including multicenter design, more frequent protocol reg-
istration, use of noninferiority analysis, larger sample size, in-
clusion of higher percentage of screened patients, higher
number of patients lost to follow-up, and publication in jour-
nals with higher impact factors and greater number of cita-
tions after publication.

Commercial sponsorship was associated with statisti-
cally significant findings favoring the sponsored treatment. In
trials without statistically significant primary outcomes, com-
mercial support was associated with reporting strategies, sug-
gesting that the sponsor treatment was advantageous.

In addition, in 82 trials (38.0%), at least 1 major discrep-
ancy existed between the registered and published primary
outcomes, regardless of trial sponsorship. The results of most
contemporary trials of invasive cardiovascular interventions
were not robust, with a median of 5 patients whose condition

Figure 2. The Fragility Index and Extent of Spin According to Funding Source
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needed to switch from a nonevent to an event to convert a sig-
nificant difference in the primary outcome to a nonsignifi-
cant outcome. Commercially sponsored trials were more ro-
bust than noncommercially sponsored trials.

Commercial sponsorship in cardiovascular research was
systematically evaluated in a survey of trials published be-
tween 2000 and 2005, in which a subgroup analysis of 38 de-
vice trials showed that 23 (76.7%) of 30 trials funded by for-
profit entities reported favorable outcomes favoring the
sponsored device compared with 4 (50%) of 8 device trials
funded by nonprofit entities (P = .07).5 Ridker and Torres5 re-
stricted their analysis to trials published in JAMA, the Lancet,
or NEJM, which potentially increased the risk of publication
bias, and the subgroup analysis was likely underpowered. Be-
cause trials from a much broader range of publications are in-
cluded in the development of cardiovascular consensus guide-
line recommendations, we reviewed all relevant published
trials independent of the journal of publication. Our findings
confirm that (1) more than half of the trials of invasive cardio-
vascular interventions published between 2008 and 2019
received some or full funding from commercial entities and
(2) trials with commercial funding were significantly more
likely to report a favorable outcome favoring the sponsored in-
tervention.

Explanations for similar findings in other fields have fo-
cused on bias and differential quality in commercially spon-
sored trial design and reporting.3-7,10-12,14,16-18 In the present
study, we found no difference in estimated treatment effect,
length of follow-up, use of composite or clinically significant
outcomes, or outcome modification compared with the pub-
lished protocol between commercially and noncommercially
sponsored trials. The more frequent use of noninferiority de-
sign, especially when coupled with the higher number of pa-
tients lost to follow-up, or the more subtle differences in trial
characteristics that were not captured in this cross-sectional
study may explain the association between commercial spon-
sorship and favorable findings. Alternatively, commercially
sponsored trials are larger, more inclusive, and more often mul-
ticenter than noncommercially sponsored studies, which may
make their results more generalizable. Commercially spon-
sored trials are more often preregistered, more robust, and
more authoritative in the research world, as evidenced by pub-
lication in journals with higher impact factor and by more fre-
quent citations.

In more than 65% of the studies with no statistically sig-
nificant difference in primary outcomes, we found evidence
of interpretation bias. Spin was significantly associated with
commercial sponsorship.

As mentioned, at least 1 major discrepancy existed be-
tween the registered and published outcomes in 38.0% of the
trials. This percentage is higher than the 31% to 33% reported

in analyses of a broad range of medical conditions and
interventions.22,24 Changes in primary outcomes have been as-
sociated with larger intervention effect22 and may suggest se-
lective reporting based on statistical significance.

The RCTs that we analyzed were not particularly robust.
In 4 trials, the change in condition of only 1 patient was needed
to switch the statistical significance. This finding is concern-
ing given the substantial role that RCT results play in federal
device approvals, payer criteria, and clinical consensus guide-
lines. Power and sample size are not the sole determinants of
a trial’s robustness; the event rate is also a factor. Conse-
quently, in trials with thousands of patients but low event rates,
statistical significance has been reported to hinge on the out-
come of only 1 patient.11 Given that it may not be feasible to
consistently fund and design invasive interventional trials with
more robust results, a case can be made for specifying the num-
ber of patients needed to change the statistical significance of
the outcomes in the primary reports of these trials as well as
in the meta-analyses and consensus guidelines that cite them.

Limitations
This study has several limitations. First, this cross-sectional
study did not capture unpublished trials and is, therefore,
subject to potential publication bias whereby studies report-
ing unfavorable outcomes are less likely to be published.
Second, this study only shows the association of funding
sources with reporting outcomes and does not demonstrate
causality, nor is it explanatory. Third, the focus was on trials
of invasive cardiovascular interventions and thus may not be
generalizable to other trials, populations, or specialties.
In addition, the sample size may be insufficient to detect sig-
nificant differences in outcomes, particularly for subgroup
analyses.

Conclusions
Current RCTs of invasive cardiovascular interventions ap-
peared to be relatively small and have short follow-up. Most
of the trials had limited power to detect relatively large treat-
ment effects. A substantial proportion of these trials was not
prospectively registered and used minor clinical events as the
primary outcome. In addition, major inconsistency between
the registered and the published outcomes was found in a con-
cerning number of trials, and only 5 patients were needed to
change the statistical significance of the primary outcome for
most of the trials. Commercial sponsorship supported more
than half of the trials and was associated with differences in
study design, results, and reporting. We believe these find-
ings should inform efforts to improve RCT design, reporting,
and consensus guidelines.
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