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ARTICLE

Trends of Publication of Negative Trials
Over Time

Bruno Laviolle"* ®, Clara Locher' ©, Jean-Sébastien Allain® ® , Quentin Le Cornu’, Pierre Charpentier?,
Marie Lefebvre?, Clémence Le Papez, Cyril LevenZ, Clément Palpacuerz, Clémence Pontoizeau?,
Eric Bellissant’ ©® and Florian Naudet!

Studies with negative results are less likely to be published than others, potentially leading to publication bias.
Introduced in 2000, trial registration could have participated in decreasing the proportion of unpublished studies. We
assessed the proportion of negative randomized controlled trials (RCT) over the last 20years. We searched Medline
for RCT published in 2000, 2005, 2010, 2015, and 2020 in the British Medical Journal, the Journal of the American
Medical Association, the Lancet, and the New England Journal of Medicine. The primary endpoint was the proportion
of negative (final comparison on the primary study-endpoint without statistical significance or favoring the control
arm) studies published in 2000 and 2020. Factors independently associated with the publication of negative studies
were identified using multivariable analysis. A total of 1,542 studies were included. The proportion of negative RCT
significantly increased between 2000 and 2020 (from 27.6% to 37.4%; P=0.01), however, the trend over time was
not significant (P=0.203). In multivariable analysis, the following factors were associated with a higher proportion of
published negative studies: superiority (P<0.001), two-group trials (P<0.001), number of patients >510 (P<0.001),

cardiology trials (P=0.003), emergency/critical care trials (P<0.001), obstetrics trials (P=0.032), surgery trials
(P=0.006), pneumology trials (P=0.029). Exclusive industry funding was associated with a lower proportion of
published negative studies (P<0.001). The proportion of published negative studies in 2020 was higher only when
compared to 2000. During the two decades, no trend was noticeable. There is no clear relationship between trial
registration and the publication of negative results over time.

Study Highlights

WHAT IS THE CURRENT KNOWLEDGE ON THE
TOPIC?

M Studies with negative results are less likely to be published
than others, potentially leading to publication bias. Introduced
in 2000, trial registration could have participated to decreasing
the proportion of unpublished studies.

WHAT (LQESTION DID THIS STUDY ADDRESS?

M We assessed the evolution with time of the reporting of neg-
ative randomized controlled trials in high-impact general medi-
cal journals since the initiation of trial registration.

WHAT DOES THIS STUDY ADD TO OUR
KNOWLEDGE?

M The proportion of published negative studies in 2020 was
higher only when compared to 2000. However, during the two

In 1980, a trial testing the efficacy of lorcainide (a class Ic anti-
arrhythmic agent) in patients with acute myocardial infarction,
found more deaths in the treated group than in the placebo group.
The development of lorcainide was stopped, but the results of this
studywere not published. A fewyearslater, increased mortality was

decades, no trend was noticeable. It therefore remains unclear
whether there is a relationship between trial registration and the
publication of negative results over time.

HOW MIGHT THIS CHANGE CLINICAL PHARMA-
COLOGY ORTRANSLATIONAL SCIENCE?

M Our study gives reference values for future research on
the clinical trial landscape and is important in the fields of
evidence-based medicine.

observed in the Cardiac Arrhythmia Suppression Trial (CAST) I*
and CAST II trials in patients with acute myocardial infarction
receiving encainide, flecainide or moricisine (also class Ic antiar-
rhythmic agents). This historical example highlights the impor-
tance of reporting the results of all clinical trials, even those that
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do not show expected results. Publication bias arises when studies
are published or not, depending on their resules.* Studies report-
ing positive/statistically significant results are more likely to be
published leading to a publication bias that overestimates treat-
ment effects and distorts the body of evidence available for clinical
decision—making.é’7 Consequently, literature contains a prepon-
derance of “positive” trials relative to those that are unpublished.8
Solutions have been proposed to reduce publication bias such as
trial registration or electronic publication.9 In 1997, the Food and
Drug Administration Modernization Act mandated a registry of
both federally and privately funded clinical trials’ and a public
web-based registry was created in 2000, on behalf of the National
Library of Medicine.!! Although Clinicaltrials.gov represents the
most widely used web-based registry,12 other trial registries are
publicly available, such as the International Standard Randomized
Controlled Trial Number registry, or the European Union clinical
trial registry. In 2005, the International Committee of Medical
Journal Editors required trial registration on a publicly available
database as a condition of publication.13 This was justified by the
necessity to reduce publication bias and, therefore, to facilitate the
publication of negative results. Additionally, in 2015, the World
Health Organization (WHO) published a new statement on the
public disclosure of clinical trial results." Whether the efficacy of
these measures led to an increase in published negative trials over
time remains to be assessed. Our primary objective was to assess
the evolution with time of the reporting of negative randomized
controlled trials (RCT) in high-impact general medical journals
since the initiation of the Clinicaltrials.gov registry. Our second-
ary objective was to assess the profile of negative studies as com-
pared with positive ones.

METHODS

Search strategy

We searched in Medline for all RCT published in 2000, 2005, 2010,
2015, and 2020, in four high-impact general medical journals: the Brizish
Medical Journal (BM]), the Journal of the American Medical Association
(JAMA), the Lancet, and the New England Journal of Medicine (NEJM).
The following algorithm was used: (‘JAMA”[Journal] OR “The New
England journal of medicine”[Journal] OR “Lancet’[Journal] OR
“BMJ”[Journal]) AND (“randomized controlled trial”[Publication
Type]).

A data extraction sheet based on the Cochrane Handbook for
Systematic Reviews of Interventions guidelines’ was used. Data were
extracted by teams of two independent reviewers (see authors contribu-
tions), and disagreements were resolved by a validation committee com-
posed of five reviewers (B.L., C.Pa,, J.-S.A., C.Lo., P.C.). For ecach RCT
included, the following information was collected: (i) year of publication,
(ii) medical specialty according to a 16-class classification, (iii) registration
in a clinical trial registry, (iv) number of study arms, (v) number of pa-
tients randomized, (vi) funding (exclusive industry funding or not), (vii)
study design (superiority, non-inferiority/equivalence trial), (viii) type of
intervention (drug, medical device, therapeutic strategy including surgical
procedures, or association of several types of interventions), (ix) type of
comparator classified as placebo/no treatment or active treatment (stud-
ies with two or more control arms were considered as placebo-controlled
if placebo was given in at least one arm), and (x) result on the primary
outcome (i.c., statistically significant or not as defined by the original trial
authors, and generally with P-value >5%).

Data analysis

The primary endpoint was the proportion of negative studies published
in 2000 and 2020 (i.c., Syears before and 10 years after the International
Committee of Medical Journal Editors required clinical trial registration
as a condition of publication). Superiority trials were considered nega-
tive when the result on the primary endpoint did not reach statistical

(n=1698)
2000 (n=314)
2005 (n=280)
2010 (n=332)
2015 (n=415)
2020 (n=357)

Records identified from Medline database search

Y

Records excluded (n=156)
Ancillary study or post hoc analysis (n=42)
Comment or letter (n=24)

Not a RCT (n=41)
Follow-up study (n=35)
Interim analysis (n=9)
Duplicate (n=4)
Copying error (n=1)

A 4

(n=1542)
2000 (n=275)
2005 (n=260)
2010 (n=306)
2015 (n=361)
2020 (n=340)

Records meeting eligibility criteria included in the analysis

Figure 1 Flow chart.
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Table 1 Characteristics of included studies
Year of publication
2000 2005 2010 2015 2020 All
N (%) N (%) N (%) N (%) N (%) N (%)
n=275 n=260 n=306 n=361 n=340 n=1,542

Results

Positive RCT 199 (72.4) 157 (60.4) 210 (68.6) 250 (69.3) 213 (62.6) 1,029 (66.7)

Negative RCT 76 (27.6) 103 (39.6) 96 (31.4) 111 (30.7) 127 (37.4) 513 (33.3)
Journal

The British Medical Journal 42 (15.3) 51 (19.6) 52 (17.0) 28 (7.8) 20 (5.9) 193 (12.5)

The Journal of the American Medical 56 (20.4) 52 (20.0) 47 (15.4) 63 (17.5) 75 (22.1) 293 (19.0)

Association

The Lancet 104 (37.8) 69 (26.5) 86 (28.1) 135 (37.4) 86 (25.3) 480 (31.2)

The New England Journal of 73 (26.5) 88 (33.8) 121 (39.5) 135 (37.4) 159 (46.8) 576 (37.3)

Medicine
Registration

No 275 (100.0) 218 (83.8) 1(0.3) 2 (0.6) 0 (0) 497 (32.2)

Yes 0 (0) 42 (16.2) 305 (99.7) 359 (99.4) 340 (100) 1,045 (67.8)
Study design

Superiority trial 257 (93.5) 235 (90.4) 274 (89.5) 306 (84.8) 301 (88.5) 1,373 (89.0)

Equivalence or non-inferiority 18 (6.5) 25 (9.6) 32 (10.5) 55 (15.2) 39 (11.5) 169 (11.0)
Number of arms

One or more than two 73 (26.5) 58 (22.3) 68 (22.2) 90 (24.9) 63 (18.5) 352 (22.8)

Two 202 (73.5) 202 (77.7) 238 (77.8) 271 (75.1) 277 (81.5) 1,190 (77.2)
Type of comparator

Placebo/No treatment 120 (43.6) 92 (35.4) 105 (34.3) 119 (33.0) 151 (44.4) 587 (38.1)

Active treatment 155 (56.4) 168 (64.6) 201 (65.7) 242 (67.0) 189 (55.6) 955 (61.9)
Type of intervention

Drug 150 (54.5) 133 (51.2) 164 (53.6) 207 (57.3) 226 (66.5) 880 (57.0)

Medical device 11 (4.0) 6 (6.2) 16 (5.2) 1 (3.0) 18 (5.3) 2(4.7)

Therapeutic strategy 98 (35.6) 100 (38.5) 117 (38.2) 131 (36.3) 93 (27.4) 539 (35.0)

Association 16 (5.8) 1(4.2) 9 (2.9 2(3.3) 3(0.9) 1(3.3)
Funding

Partial industry funding or academic 221 (80.4) 209 (80.4) 223 (72.9) 247 (68.6) 232 (68.2) 1,132 (73.5)

funding

Exclusive industry funding 4 (19.6) 51 (19.6) 83 (27.1) 113 (31.4) 108 (31.8) 409 (26.5)
Number of patients randomized

<510 174 (63.3) 128 (49.2) 136 (44.4) 165 (45.7) 167 (49.1) 770 (49.9)

>510 101 (36.7) 132 (50.8) 170 (55.6) 196 (54.3) 173 (50.9) 772 (50.1)

Data are expressed as number (corresponding percentage).

significance for superiority or favored the control arm. Non-inferiority/
equivalence trials were considered negative if they did not meet the statis-
tical requirement for non-inferiority/equivalence. Preliminary investiga-
tions based on the first 70 published RCT in 2000 suggested an expected
proportion of negative studies of 30%. We hypothesized an absolute in-
crease of this proportion of 15% between 2000 and 2020. Under these
assumptions, a sample size of at least 268 studies each year was neces-
sary, using a two-group Chi-square test with a 0.05 two-sided signifi-
cance level and a power of 95%. In order to consider non-eligible studies
(ancillary study or post hoc analysis, non-randomized study, comment,
follow-up study, interim analysis), all studies identified by our Medline

CLINICAL PHARMACOLOGY & THERAPEUTICS | VOLUME O NUMBER O | Month 2025

search were screened by the teams of reviewers. To assess the evolution of
the proportion of negative studies published over time, the same rule was
applied for 2005, 2010, and 2015. Evolution over time was investigated
usinga Cochran-Armitage trend test.

As no log linearity was respected for the number of subjects, for cas-
ier results interpretation we chose to dichotomize at the median of the
distribution. Comparisons between negative and positive studies, irre-
spective of the year of publication, were carried-out using chi-square tests.
To further assess the profile of negative studies, multivariable analysis was
conducted using a logistic regression model. In this analysis, no a priori in-
dependent predictive variables were considered, and a single multivariable
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100
1

Proportion

2000 2005

Figure 2 Proportion of negative studies over time.

model with all variables was performed. As in 2020 many negative trials
were published on SARS-CoV-2 infection, we also performed a sensitivity
analysis on the primary endpoint, excluding SARS-CoV-2 trials. For all
analyses, a two-sided P-value <0.05 was considered significant. All analy-
ses were performed using R software version 4.3.2 (2023-10-31).

RESULTS

A flow chart detailing the study selection process is given in
Figure 1. Searches in Medline provided a total of 1,698 citations
that were classified by date of publication, and 156 non-eligible
studies were excluded. The remaining 1,542 studies were included
in the analysis.

The characteristics of selected studies are presented in Table 1.
As expected, the proportion of trial registration increased over
time to achieve 100% in 2020. The majority of published studies
were two-group superiority trials, that compared an experimental
treatment to an active comparator, and around two third of them
were drug intervention studies.

Regarding the primary outcome, a significant increase in pub-
lished RCT with negative results was observed between 2000
and 2020 (from 27.6% to 37.4%; P=0.01). When excluding
SARS-CoV-2 trials, the proportion of negative studies was 35.8%
in 2020 and did not change the statistical significance. When
considering all studied years, there was no significant increase in
the proportion of negative studies (P-value for trend, P=0.203,
Figure 2).

Comparisons between negative and positive studies, irrespective
of the year of publication, are presented in Table 2.

Univariate analysis identified 12 factors significantly asso-
ciated with a higher proportion of published negative stud-
ies. The proportion of negative studies was significantly lower
in the N Engl ] Med as compared with the JAMA or the BM]J
(P<0.001). Negative studies were more frequent in superiority
trials (P <0.001), comparing 2 groups (P <0.001), with a sam-
ple size 2510 (P <0.001), and in the fields of cardiology/vascu-
lar disease (P=0.008), emergency medicine/critical (P <0.001),

B Negative
B Positive

2010 2015 2020

obstetrics/gynecology (P=0.010), and surgery (P=0.033).
Negative trials were significantly less frequent in exclusive indus-
try funding studies (P <0.001), and in the fields of endocrinol-
ogy/nutrition (P=0.003), oncology/hematology (P <0.001),
and immunology/vaccinology/allergology (2= 0.029). The type
of intervention and the type of comparator were similar in pos-
itive and negative trials (P=0.429 and P=0.715, respectively).
However, exclusive industry-sponsored studies used significantly
more inactive comparator as compared to other funded studies
(55.5% vs. 31.8%, P < 0.001). The proportion of published nega-
tive studies did not significantly differ with the registration status
(P=0.699).

Multivariable analysis identified 10 factors associated with a
higher proportion of negative studies: the JAMA and the BM]J
compared to the NEJM (respectively, OR=1.77,95% CI [1.27 to
2.47] P=0.001, and OR = 1.71,95% CI [1.15 t0 2.55], P=0.008),
superiority (OR=3.90, 95% CI [2.49 to 6.29], P<0.001), two-
group trials (OR=1.70,95% CI [1.27 t0o 2.31], P < 0.001), number
of patients 2510 (OR=2.18, 95% CI [1.71 to 2.78], P <0.001),
cardiology trials (OR=2.53, 95% CI [1.38 to 4.77], P=0.003),
emergency/critical care trials (OR=5.53,95% CI [2.55 to 12.43],
P<0.001), obstetrics trials (OR=2.22, 95% CI [1.08 to 4.66],
P=0.032), surgery trials (OR=2.70, 95% CI [1.35 to 5.51],
P=0.006), pneumology trials (OR=2.48, 95% CI [1.10 to 5.66],
P=0.029). Exclusive industry funding was associated with a lower
proportion of published negative studies (OR=0.31, 95% CI
[0.22 t0 0.43], P< 0.001).

DISCUSSION

Our study shows that the proportion of published negative trials
increased between 2000 and 2020 in high-impact medical jour-
nals and that negative studies are more likely to be large, superi-
ority trials, and comparing two groups. However, given that the
tendency of publication of negative studies over time was not sig-
nificant, our findings do not fully support the idea of a reduction
of publication bias since 2000 in high-impact journals.
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Table 2 Comparisons between negative and positive studies
Trials characteristics
Positive Negative Multivariable OR
Univariable OR [95% [95% Confidence
n=1,029 n=513 Confidence limits] P limits] P
Journal
The New England Journal of 414 (71.9) 162 (28.1) - -
Medicine
The Journal of the American Medical 169 (57.7) 124 (42.3) 1.88 [1.40; 2.52] <0.001 1.77 [1.27; 2.47] 0.001
Association
The British Medical Journal 118 (61.1) 75 (38.9) 1.62[1.15; 2.28] 0.0054 1.71 [1.15; 2.55] 0.008
The Lancet 328 (68.3) 152 (31.7) 1.18 [0.91; 1.54] 0.210 1.25[0.93; 1.67] 0.135
Registration
No 335 (67.4) 162 (32.6) - -
Yes 694 (66.4) 351 (33.6) 1.05[0.83; 1.31] 0.699 1.13[0.88; 1.46] 0.354
Study design
Equivalence or non-inferiority 142 (84.0) 27 (16.0)
Superiority trial 887 (64.6) 486 (35.4) 2.88[1.91; 4.49] <0.001 3.90 [2.49; 6.29] <0.001
Number of arms
One or more than two 266 (75.6) 86 (24.4)
Two 763 (64.1) 427 (35.9) 1.73[1.33; 2.28] <0.001 1.70 [1.27; 2.31] <0.001
Type of comparator
Active treatment 634 (66.4) 321 (33.6)
Placebo/No treatment 395 (67.3) 192 (32.7) 0.96 [0.77; 1.19] 0.715 0.87 [0.65; 1.16] 0.357
Type of intervention
Association 33 (64.7%) 18 (35.3%)
Drug 602 (68.4) 278 (31.6) 0.85[0.48; 1.56] 0.581 0.97 [0.51; 1.89] 0.934
Medical device 48 (66.7) 24 (33.3) 0.92[0.43; 1.96] 0.821 0.66 [0.29; 1.51] 0.322
Therapeutic strategy 346 (64.2) 193 (35.8) 1.02 [0.57; 1.9] 0.942 0.61 [0.32; 1.21] 0.148
Funding
Partial industry funding or academic 690 (61.0) 442 (39.0)
funding
Exclusive industry funding 338 (82.6) 71 (17.4) 0.33[0.25; 0.43] <0.001 0.31[0.22; 0.43] <0.001
Number of patients randomized
<510 565 (73.4) 205 (26.6)
>510 464 (60.1) 308 (39.9) 1.83[1.48; 2.27] <0.001 2.18[1.71; 2.78] <0.001
Medical specialty®
Cardiology/Vascular disease 157 (59.7) 106 (40.3) 1.45[1.10; 1.90] 0.008 2.53[1.38; 4.77] 0.003
Emergency Medicine/Critical care 22 (36.7) 38 (63.3) 3.66 [2.16; 6.35] <0.001 5.53 [2.55; 12.43] <0.001
Obstetrics/Gynecology 39 (52.7) 35 (47.3) 1.86 [1.16; 2.97] 0.010 2.22 [1.08; 4.66] 0.032
Surgery 52 (56.5) 40 (43.5) 1.59 [1.03; 2.43] 0.033 2.70 [1.35; 5.51] 0.006
Endocrinology/Nutrition 52 (85.2) 9 (14.8) 0.34 [0.15; 0.65] 0.003 0.74 [0.29; 1.81] 0.518
Oncology/Hematology 142 (81.1) 33 (18.9) 0.43[0.29; 0.63] <0.001 0.77 [0.39; 1.56] 0.465
Immunology/Vaccinology/Allergology 48 (80.0) 12 (20.0) 0.49 [0.25; 0.90] 0.029 0.84 [0.34; 2.00] 0.696
Gastroenterology/Hepatology 39 (67.2) 19 (32.8) 0.98 [0.55; 1.68] 0.933 1.79 [0.80; 3.99] 0.156
Infectious disease 102 (65.8) 53 (34.2) 1.05[0.73; 1.48] 0.797 1.72[0.89; 3.39] 0.109
Neurology 43 (65.2) 23 (34.8) 1.08[0.63; 1.79] 0.781 1.84[0.85; 3.99] 0.121
Nephrology 17 (60.7) 11 (39.3) 1.30[0.59; 2.77] 0.496 2.69[0.98; 7.29] 0.052
Pneumology 32 (61.5) 20 (38.5) 1.26 [0.71; 2.21] 0.420 2.48 [1.10; 5.66] 0.029
(Continued)
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Table 2 (Continued)

Trials characteristics

Positive Negative Multivariable OR
Univariable OR [95% [95% Confidence

n=1,029 n=513 Confidence limits] P limits] P
Psychiatry/Addictology 55 (75.3) 18 (24.7) 0.64 [0.36; 1.09] 0.112 0.91 [0.42; 1.96] 0.805
Pediatrics 112 (68.7) 51 (31.3) 0.90 [0.63; 1.27] 0.571 1.26 [0.66; 2.44] 0.491
Rheumatology/Musculoskeletal 46 (67.6) 22 (32.4) 0.96 [0.56; 1.59] 0.870 1.98 [0.92; 4.29] 0.081
disorders
Dermatology 18 (85.7) 3(14.3) 0.33[0.08; 0.98] 0.077 0.95 [0.20; 3.47] 0.942

Data are expressed as number (corresponding percentage). *Each medical specialty was compared to all others.

Unexpectedly, the proportion of negative studies was not sta-
tistically related to trial registration. It is noteworthy that our
study was not powered to test this hypothesis and a lack of statis-
tical power cannot be excluded. Nonetheless, publication bias may
occur during all stages of the publication process, from author sub-
mission and peer-review to editorial decision.” The development
of prospective trial registration itself is not, therefore, sufficient to
prevent publication bias. In a recent report, outcome switching was
observed even for registered trials, showing that primary outcomes
in publications were different from the latest registry entry version
in 41% of trials."”> In other words, trial registration in itself does
not prevent publication bias or outcome switching, but it allows
tracking of these two issues by increasing transparency. It is import-
ant to make sure that the results of registered trials are published
in a peer-reviewed journal but authors might anticipate rejection
by journals when they consider their results to be not important
enough.16 Our results do not support publication bias due to ed-
itorial decisions among the studied journals and are in line with a
previously published study also performed in high-impact general
medical journals that showed that the acceptance of submitted
papers for publication by journals was not significantly associated
with the direction or strength of their findings.17 However, our re-
sults may have differed if we had examined lower-tier clinical jour-
nals with lower impact factors. Sponsors of negative trials might
be hesitant to pursue publication in a high-impact journal due to
concerns about rejection, and may instead opt to submit to a lower
impact journal first. Other measures taken by journals and editors
may have participated in reducing the existence and impact of pub-
lication bias. Consolidated Standards of Reporting Trials first pub-
lished in 1996,'® and progressively revised in 2001" and 2010%°
participated in harmonizing and improving the quality of report-
ing RCT over time.”! This possibly increased the chances of pub-
lication in high-impact journals even in cases of negative results.
The development of electronic journals without space limitation
has exploded over the last decade allowing publishing more studies
and electronic supplementary materials. It has been suggested that
it should change editorial policies allowing clinical trials accepta-
tion for publication, based not only on the impact of their findings
but also on methodological criteria, and therefore encourage the
publication of studies with negative or no significant results.”

Higher proportions of published negative trials in certain med-
ical specialty could reflect an improvement of medical practices/

therapeutics making it difficult to demonstrate treatment effects
because new approaches must compete with higher-quality medical
care.”? In our study, this seems especially true in the fields of cardi-
ology/vascular disease, emergency/critical care, obstetrics, surgery,
and pneumology. Another explanation for the increase in nega-
tive trials could simply be the lack of efficacious new drugs in the
pipelines.24

We also observed that negative studies were more likely to be su-
periority trials with a large sample size. Large RCT usually provide
the best quality of evidence for new therapeutic evaluation and
have shorter time to publication.B’25 Therefore, researchers, spon-
sors, and editors may be more enthusiastic about the publication
of these highly powered trials, even if they did not reach statistical
significance.

As previously reported, we found that trials funded exclusively
by private industries were more likely to be positive.”® It is unlikely
that this result reflects methodological bias. It has been shown that
research methods and risks of bias of trials sponsored by drug com-
panies are at least as good as those of academic-funded research.”®%
Our data suggest however that the more frequent choice of inactive
comparator in these studies could explain this result. This is in line
with the importance of industry-sponsored RCT to demonstrate
benefits for further treatment/device commercialization.”® This
may indicate that industry sponsors are cautious when designing
studies and/or hesitant to publish negative results due to business
considerations.

There are several limitations to be taken into consideration.
First, we only included five publication years, which may give
only a partial representative view of the past 20 years. Second, we
searched for RCT published in only four general medical journals
with high-impact factors. Our results may not reflect RCT pub-
lished in the whole literature, especially in journals with specific
areas of expertise. However, we chose high-impact journals that
usually publish studies that may change medical practices. Given
the design of our study, our results give predictive associations but
we cannot affirm causality between the factors studied and nega-
tive trial results. There could be additional confounders (as change
in research culture since 2000 for example) not considered here
that might have influenced the number of trials conducted and
reported during these years and are not accounted for in the anal-
ysis. In addition, results identified for secondary outcomes should
be interpreted cautiously, as those analyses are exploratory and
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we did not use corrections for multiple tests. Finally, we did not
compare published reports with their respective appended proto-
cols declared in trial registries. Therefore, we cannot exclude the
possibility of switching outcomes in non-registered studies (out-
come bias) that might be different in registered and non-registered
studies. This could yield to an overrepresentation of false positive
results, >’ especially between 2000 and 2005 where the number
of registered studies was low. Further work specifically focusing
on drug intervention trials should also be conducted to assess the
pharmacological reasons for trial failure.

Based on our results, the proportion of published negative stud-
ies in 2020 was higher only when compared to 2000. However,
during the two decades, no trend was noticeable. It therefore re-
mains unclear whether there is a relationship between trial registra-
tion and the publication of negative results over time. Expanding
the range of journals to include a broader spectrum of clinical trial
publications in future studies is likely to yield more comprehensive
and complementary results.
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