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Abstract
Objectives: The objective of this study was to determine the prevalence of trial registration in health research, whether trial registration
status and timing vary depending on trial characteristics, and the relationship between trial registration status and risk of bias.

Study Design and Setting: We systematically reviewed all clinical trials published from January to June 2017 in 28 high- and low-
impact factor general and specialty medicine journals.

Results: We identified 370 trials and assessed risk of bias in 183 trials. Trial registration rates were high; 95% of trials were registered
prospectively or retrospectively before enrollment completion. Larger sample size, multiple recruitment countries, and primary industry
funding were all predictors of earlier trial registration. Prospectively registered trials had a significantly lower risk of bias compared to
unregistered trials across all domains. Prospectively registered trials had a similar risk of bias compared to retrospectively registered trials
across four out of six domains, and a lower risk of bias across the remaining two domains.

Conclusion: Trial registration is an imperfect proxy for risk of bias. Systematic reviewers should assess risk of bias on a case-by-case
basis and conduct sensitivity analyses excluding high risk of bias studies. In the longer term, mechanisms should be implemented to facil-
itate prospective registration of all trials. � 2019 Elsevier Inc. All rights reserved.
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1. Introduction

1.1. Background

Publication and selective outcome reporting bias
describe the phenomena that positive research findings
are more likely to be reported and published than inconclu-
sive or negative research findings [1]. These biases skew
the medical literature in favor of interventions by making
them appear artificially advantageous and thereby misguide
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evidence-based practice guidelines [2]. To reduce publica-
tion bias and selective outcome reporting and improve
accountability and transparency in clinical research, the In-
ternational Committee of Medical Journal Editors (ICMJE)
introduced a prospective registration requirement in 2005.
All trials submitted for publication must be registered in
a recognized clinical trial registry before enrollment of
the first participant [3].

While the ICMJE registration requirement has increased
trial registration, publication of unregistered trials remains
prevalent. There is wide variation in prospective trial regis-
tration rates across studies, ranging from 4% to 83% [4e9].
In 2016, 28% of trials in the six highest impact factor gen-
eral medicine journals were retrospectively registered [8].
In Latin America and the Caribbean, only 17% of random-
ized controlled trials published in 2010 were registered in a
recognized trial registry, and only 4% were registered pro-
spectively [7]. More recently, Farquhar et al. reported that
only 44% of randomized controlled trials in the field of
fertility treatment were registered, of which only 43% were
prospectively registered [10].
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What is new?

Key findings
� Trial registration rates are high and appear to be

increasing compared to earlier studies on registra-
tion rates.

� Recruitment in multiple countries, larger sample
sizes, and primary industry funding are all predic-
tors of earlier trial registration.

What this adds to what is known?
� While trials that comply with the prospective regis-

tration requirement tend to display lower risk of
bias, trial registration is an imperfect proxy for risk
of bias.

What are the implications and what should change
now?
� Excluding all trials that were not prospectively

registered from systematic reviews could introduce
new bias.

� Systematic reviewers should assess risk of bias on
a case-by-case basis and conduct sensitivity ana-
lyses excluding high risk of bias studies.

There has been heated debate on how to address the
potentially biased evidence in nonprospectively registered
trials. Roberts et al. argued for the exclusion of unregistered
and retrospectively registered trials from systematic re-
views, to avoid magnifying publication bias [2,11]. They
argue that unregistered trials are more likely to have statis-
tically significant results and are associated with lower
methodological quality and larger treatment effect esti-
mates [2,12].

This position has been investigated by studies in specific
medical subfields, including psychiatry, pediatric health, and
traditional Chinese medicine [13e15]. In Latin America and
the Caribbean, registered trials have been shown to have a
significantly lower risk of bias than unregistered trials in
the domains of random sequence generation and allocation
concealment data [7]. However, almost a third of random-
ized controlled trials registered prospectively or retrospec-
tively before enrollment completion have been found to
have a high risk of selective reporting bias, and discrepancies
between the registered and reported trial information have
been shown to have no influence on publication acceptance
[6,16]. Overall, the evidence is inconclusive, and to date,
there have been no studies on the relationship between pro-
spective registration compliance and risk of bias in general
medicine. Thus, the question of whether unregistered and
retrospective trials should be excluded from systematic re-
views remains unanswered. A comprehensive picture of
current trial registration rates, and associations between trial
registration timing, risk of bias, and general study character-
istics in health research, is required to inform the debate
about registration, bias, and inclusion criteria for systematic
reviews.

1.2. Objectives

The aims of this study were to (1) determine the preva-
lence of trial registration in health research, (2) determine
whether trial registration status and timing varies depend-
ing on trial characteristics, and (3) analyze the relationship
between trial registration status and risk of bias.
2. Methods

2.1. Protocol and registration

A protocol for this review was registered on PROSPERO
and can be accessed at https://www.crd.york.ac.uk/
prospero/ (CRD42018083801). This review follows the
PRISMA reporting guidelines [17].

2.2. Eligibility criteria

Medical journals eligible for inclusion were selected us-
ing two strategies to include both general medicine and spe-
cialty journals. First, we included the 14 ICMJE member
journalsd which are all general medicine journals. Second,
we selected the three most commonly studied medical spe-
cialties (oncology, cardiology, and psychiatry), the least
frequently listed medical specialty (anesthesiology), and
three randomly selected medical specialties in between
(public health, respiratory, and pediatrics) from the Austra-
lian New Zealand Clinical Trials Registry’s (ANZCTR)
most frequent 15 medical specialties by number of Austra-
lian clinical trial registrations. From each of these seven
medical specialties, we included the highest ranked journal
by impact factor that had published a minimum of 10 clin-
ical trials over the period January to June 2017, and a
randomly selected journal ranked between 4th and 10th in-
clusive by impact factor. Randomization of the middle
listed medical specialties and lower impact factor specialty
journals was performed using a random integer generator
(https://www.random.org/integers/).

Studies from medical journals were eligible for inclusion
if they were a clinical trial, published between 1 January
and 30 June 2017 inclusive, and available in English lan-
guage. Studies were excluded if they were an incomplete
clinical trial or the date of first patient enrollment was
before July 2005 as the ICMJE requirement was only intro-
duced after these studies started recruitment.

In total, 28 medical journals (14 general, 14 specialty)
representing a range of impact factors (0.450 to 72.406)
and geographical localities (six continents) were searched
for clinical trials.

https://www.crd.york.ac.uk/prospero/
https://www.crd.york.ac.uk/prospero/
https://www.random.org/integers/
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2.3. Information sources

Clinical trials in eligible medical journals were searched
using the electronic bibliographic databases Medline and
EMBASE. Citations were screened by title and abstract
for clinical trial characteristics. The full-text publications
of relevant abstracts were obtained.

Information on registration status and timing was
abstracted and classified as follows:

1. Prospectively registered: trial registration was
approved before participant enrollment commenced.

2. Registration approved and enrollment commenced in
the same month: trial registration was approved in the
same month as participant enrollment commenced;
however, the date within the month of either or both
events was not reported.

3. Retrospectively registered before enrollment comple-
tion: trial registration was approved after participant
enrollment commenced but before participant enroll-
ment concluded.

4. Retrospectively registered after enrollment comple-
tion: trial registration was approved after participant
enrollment concluded.

5. Unregistered: no evidence of trial registration after
two investigators (A.C.T. and I.J.) independently
searched the clinical trial publication, all primary
clinical trial registries in the WHO Registry Network
(e.g., ANZCTR, ISRCTN) and ClinicalTrials.gov,
and Google. The corresponding authors of all unreg-
istered clinical trials were contacted to confirm their
registration status.

The following study characteristics were extracted from
all trials: journal type (general medicine, high-ranked spe-
cialty journal, low-ranked specialty journal), sample size,
center status (single-center, multicenter but one-country,
multicenter, and multicountry), primary funding source (in-
dustry, nonindustry), intervention type (diagnosis/
screening/prevention, drugs, devices/equipment, surgery/
procedures, other), trial phase (I, II, III, IV, nonapplicable),
and health condition (infectious and parasitic diseases, neo-
plasms, mental and behavioral, circulatory, respiratory, pe-
diatric, other).

Owing to resource limitations, risk of bias was assessed
in a random sample of half of all identified trials, stratified
by registration status and journal type. Risk of bias assess-
ment was conducted using the Cochrane Risk of Bias Tool;
all reviewers attended Cochrane risk of bias training [18].
The selective reporting outcome domain was only assessed
for the primary outcome, as a large number of trials regis-
tered 10 or more secondary outcomes. In the Cochrane
Handbook, investigators are instructed to grade trials where
‘‘One or more reported primary outcomes were not prespe-
cified (unless clear justification for their reporting is pro-
vided, such as an unexpected adverse effect)’’ as high
risk of bias for selective reporting [19]. We judged the
absence of a registration record or some other type of pro-
tocol as a failure to prespecify primary outcomes and thus
rated them at high risk of bias for selective reporting. A pi-
lot run was performed where two investigators (A.C.T. and
I.J.) assessed the same 15 trials and discussed their decision
making extensively to allow for standardization of the risk
of bias assessment. The remainder of the risk of bias assess-
ments were divided equally between investigators A.C.T.
and I.J. Any uncertainties were discussed between the
two reviewers and with a third investigator (A.L.S.).

2.4. Post hoc survey

A post hoc online survey of all unregistered or retrospec-
tively registered trials (n 5 147) was performed from May
to July 2018 to identify barriers and possible mechanisms
to improve prospective registration. We used the same sur-
vey questions as a recent publication on prospective regis-
tration compliance [20]. Publication and registry
correspondence e-mails were used to contact the study co-
ordinators of trials that were not prospectively registered.
The full survey can be found in Appendix B. The survey
was approved by the University of Sydney Human
Research Ethics Committee (project no. 2018/267).

2.5. Data analysis

Statistical analysis was performed using the open-source
software R. Person’s chi-squared test was used to determine
whether study characteristics and risk of bias differed by
registration status. Where the expected cell counts were
smaller than five in more than 80% of the cells, Monte Car-
lo estimation of exact P-values was applied.
3. Results

3.1. Sample characteristics

We identified 370 trials and assessed risk of bias in a
sample of 183 (49%). Included journals and number of tri-
als per journal are detailed in Appendix A and the flow di-
agram is available in Fig. 1. Trial characteristics are
detailed in Table 1. Over half the included trials were pub-
lished in general medical journals (n 5 207), a third in
high-impact specialty medical journals (n 5 125), and a
tenth in lower impact specialty medical journals. The mean
sample size was 2,062 and median sample size was 305.
Trials were most frequently primarily noneindustry funded
(60%), multicenter (78%), single country (61%), and drug
investigations (57%).

3.2. Registration rates

The prevalence of trials by registration timing is
shown in Fig. 2. Registration rates were high; 95% of trials
were registered prospectively or retrospectively before

http://ClinicalTrials.gov


Fig. 1. Flow diagram.
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recruitment completion. Only 3% of trials were unregis-
tered. Compared to earlier studies on registration rates, pro-
spective registration has increased, although this was not
statistically significant (X2 [8] 5 2.58, P 5 0.97). While
55% of trials that commenced between 2005 and 2008 were
prospectively registered, this increased to 61% for trials
commencing between 2009 and 2012, and 65% for trials
that started recruitment between 2013 and 2016.

3.3. Trial characteristics and registration rates

Trial characteristics by registration status and timing are
detailed in Table 2. General medical journals had a higher
proportion of prospectively registered trials (68%)
compared to higher-ranked specialty medical journals
(58%) and even more so compared to lower-ranked spe-
cialty medical journals (29%). These differences were sta-
tistically significant (X2 [8] 5 48.10, P ! 0.001). Trials
with larger sample sizes were more likely to be prospec-
tively registered, with 75% of trials with sample sizes
501e1,000 prospectively registered. Trials with multiple
centers were more likely to be prospectively registered than
single-center trials (66% vs. 42% prospectively registered).
Trials with multiple recruitment countries were similarly
more likely to be prospectively registered than single coun-
try studies, with 73% of all multiple recruitment country
studies prospectively registered compared to 52% of single
recruitment country studies. A higher proportion of primar-
ily industry-funded trials were prospectively registered
(64%) compared to primarily noneindustry-funded trials
(58%). Drug trials were more likely to be prospectively
registered than other intervention trials. Registration status
did not differ by trial phase or health condition. Of the 13
unregistered trials, nine had sample sizes smaller than 50
(69%), 12 were primarily noneindustry funded (92%),
and all were conducted in a single country.
3.4. Registration rates and risk of bias

As shown in Figures 3 and 4, and in more detail in
Appendix C, prospectively registered trials had a lower risk
of bias compared to unregistered trials across all domains,
and this difference was statistically significant in all do-
mains except the domain of incomplete outcome data.
The comparative proportion of prospectively registered
and unregistered trials that were low risk of bias was most
marked in the domains of random sequence allocation
(79% vs. 15%) and selective outcome reporting (78% vs.
0%) but was also large in the other domains of allocation
concealment (66% vs. 31%), participant and personnel
blinding (58% vs. 31%), outcome assessor blinding (72%
vs. 31%), and incomplete outcome data (92% vs. 77%).

Prospectively registered trials had a similar risk of bias
compared to trials registered retrospectively before enroll-
ment completion across the four domains of random
sequence generation, allocation concealment, incomplete
outcome data, and selective reporting. For the remaining
two domains, a higher proportion of prospectively regis-
tered trials were low risk of bias: participant and personnel



Table 1. Clinical trial characteristics of all included trials and risk of bias sample

Characteristic All included trials (n [ 370) ROB samplea (n [ 183)

Journal type

General 207 (55.9%) 75 (41.0%)

Specialtydhigh 125 (33.8%) 72 (39.3%)

Specialtydlow 38 (10.3%) 36 (19.7%)

Sample size - continuous (mean, SD) 2,061.73 (8,954.81) 2,683.69 (11,712.42)

Sample sizedcontinuous (median, IQR) 304.5 (647) 270 (887)

Sample sizedcategorical

1e49 48 (13.0%) 28 (15.3%)

50e99 48 (13.0%) 24 (13.1%)

100e499 141 (38.1%) 67 (36.6%)

500e999 57 (15.4%) 20 (10.9%)

�1,000 76 (20.5%) 44 (24.0%)

Recruitment country

Single 224 (60.5%) 135 (73.8%)

Multiple 146 (39.5%) 48 (26.2%)

Center status

Single 82 (22.2%) 56 (30.6%)

Multiple 288 (77.8%) 127 (69.4%)

Primary funding source

Industry 147 (39.7%) 57 (31.1%)

Nonindustry 223 (60.3%) 126 (68.9%)

Intervention type

Diagnosis/screening/prevention 47 (12.7%) 24 (13.1%)

Drugs 211 (57.2%) 83 (45.4%)

Devices/equipment 32 (8.7%) 23 (12.6%)

Surgery 25 (6.8%) 11 (6.0%)

Other 54 (14.6%) 42 (23.0%)

Trial phase

Phase I 21 (5.7%) 8 (4.4%)

Phase II 68 (18.4%) 28 (15.3%)

Phase III 138 (37.3%) 48 (26.2%)

Phase IV 55 (14.9%) 35 (19.1%)

Not applicable 88 (23.8%) 64 (35.0%)

Health condition

Infectious and parasitic diseases 28 (7.6%) 15 (8.2%)

Neoplasms 90 (24.3%) 30 (16.4%)

Mental and behavioral 26 (7.0%) 19 (10.4%)

Circulatory 54 (14.6%) 29 (15.8%)

Respiratory 28 (7.6%) 18 (9.8%)

Pediatric 15 (4.1%) 9 (4.9%)

Other 129 (34.9%) 63 (34.4%)

Health condition (general medicine
journals only)

Infectious and parasitic diseases 21 (10.1%) 9 (12.0%)

Neoplasms 23 (11.1%) 6 (8.0%)

Mental and behavioral 13 (6.3%) 6 (8.0%)

Circulatory 35 (16.9%) 13 (17.3%)

Respiratory 14 (6.8%) 7 (9.3%)

Pediatric 9 (4.3%) 4 (5.3%)

Other 92 (44.4%) 30 (40.0%)

Percentages do not add up to 100 as they are rounded to one decimal place.
a The random sample was stratified by journal and by registration status.
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Fig. 2. Prevalence of trials by registration timing.
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blinding (58% vs. 31%) and outcome assessor blinding
(72% vs. 31%).

3.5. Post hoc survey

Of the 147 unregistered or retrospectively registered tri-
als, seven were uncontactable. From the remaining 140 tri-
als, a response rate of 12% (17/140) was achieved. All
respondents agreed with the classification of their trial as
registered or unregistered. Half (4/8) of the respondents
of trials with registration approval and enrollment
commencement in the same month reported prospectively
registering their trial. Interestingly, 63% (5/8) of respon-
dents of trials that were retrospectively registered before
enrollment completion mistakenly reported that their trial
was prospectively registered. The full survey results are dis-
played in Appendix D.
4. Discussion

This study showed high registration rates; 95% of trials
were registered before enrollment completion. However,
retrospective registration was still prevalent, with 24% of
trials registered retrospectively, and 3% of trials unregis-
tered. Registration compliance varied across types of trials.
Earlier registration was associated with publication in gen-
eral medical journals, primary industry funding, larger sam-
ple sizes, multiple centers, multiple recruitment countries,
drug investigations, and later trial start dates. In the risk
of bias assessments, unregistered and retrospectively regis-
tered studies performed worse on average. Yet, some pro-
spectively registered studies were high risk of bias, and
some retrospectively registered studies were low risk of
bias.
4.1. Strengths and limitations

Our study is the first to classify categories of registration
compliance in light of registration timing across different
areas of medicine. This provides novel insights into the
similarities and differences in study characteristics and risk
of bias between trials of different registration timing. We
included all studies published in a range of journals over
a recent period, making our findings generalizable across
many medical fields. Risk of bias was assessed using an es-
tablished methodology, the Cochrane Risk of Bias Tool.

The post hoc survey was limited by the low response
rate of 12.1%, and researchers may have been more likely
to respond if they disagreed with the classification of their
trial as not prospectively registered. Moreover, as a signif-
icant proportion of trials registered 10 or more secondary
outcome measures, only primary outcome measures were
considered when determining the risk of selective reporting
bias. All trials registered retrospectively after enrollment
completion were assessed as low risk of bias in the domain
of selective reporting, most probably because the publica-
tion was being prepared as the primary outcome was being
reported in the registry.

The risk of bias assessments were limited by the fact that
we did not use independent double assessment. Previous
research has pointed to some inconsistencies in risk of bias
ratings across different reviewers. Yet, these resulted more
often from different interpretation of the tool rather than
different information identified in the study reports [21].



Table 2. Clinical trial characteristics by registration status and timing

Characteristic

Registration status and timing Significant testing

Prospective,
that is, before
first participant

enrolled
(n [ 223)

In the same
month as
recruitment

start
(n [ 45)

Retrospective
before

recruitment
completion
(n [ 84)

Retrospective
after recruitment

completion
(n [ 5)

Unregistered
(n [ 13) X2 (df) P-value

Journal type X2(8) 5 50.23 P ! 0.001b

General 140 (67.6%) 28 (13.5%) 34 (16.4%) 1 (0.5%) 4 (1.9%)

Specialtydhigh 72 (57.6%) 13 (10.4%) 36 (28.8%) 2 (1.6%) 2 (1.6%)

Specialtydlow 11 (28.9%) 4 (10.5%) 14 (36.8%) 2 (5.3%) 7 (18.4%)

Sample sizedcontinuous
(median, IQR)

376 (653) 200 (797) 278.5 (858.3) 221 (262) 43 (28)

Sample sizedcategorical X2(16) 5 49.62 P ! 0.001b

1e49 21 (43.8%) 6 (12.5%) 11 (22.9%) 1 (2.1%) 9 (18.8%)

50e99 25 (52.0%) 6 (12.5%) 15 (31.3%) 0 (0.0%) 2 (4.2%)

100e499 88 (62.4%) 18 (12.8%) 30 (21.3%) 3 (2.1%) 2 (1.4%)

500e999 43 (75.4%) 6 (10.5%) 8 (14.0%) 0 (0.0%) 0 (0.0%)

�1,000 46 (60.5%) 9 (11.8%) 20 (26.3%) 1 (1.3%) 0 (0.0%)

Recruitment country X2(4) 5 23.39 P ! 0.001

Single 116 (51.8%) 30 (13.3%) 60 (26.8%) 5 (2.2%) 13 (5.8%)

Multiple 107 (73.3%) 15 (10.3%) 24 (16.4%) 0 (0.0%) 0 (0.0%)

Center status X2(4) 5 34.71 P ! 0.001

Single 34 (41.5%) 11 (13.4%) 24 (29.3%) 4 (4.8%) 9 (11.0%)

Multiple 189 (65.6%) 34 (11.8%) 60 (20.8%) 1 (0.3%) 4 (1.4%)

Primary funding source X2(4) 5 10.80 P 5 0.03

Industry 94 (63.9%) 23 (15.6%) 28 (19.0%) 1 (0.7%) 1 (0.7%)

Nonindustry 129 (57.8%) 22 (9.9%) 56 (25.1%) 4 (1.8%) 12 (5.4%)

Intervention type

Diagnosis/screening/prevention 23 (48.9%) 6 (12.8%) 14 (29.8%) 1 (2.1%) 3 (6.4%) X2(16) 5 29.34 P 5 0.03b

Drugs 145 (68.7%) 25 (11.8%) 36 (17.1%) 1 (0.5%) 4 (1.9%)

Devices/equipment 13 (40.6%) 6 (18.8%) 9 (28.1%) 2 (6.3%) 2 (6.3%)

Surgery 14 (56.0%) 3 (12.0%) 6 (24.0%) 1 (4.0%) 1 (4.0%)

Other 27 (50.0%) 5 (9.3%) 19 (35.2%) 0 (0.0%) 3 (5.6%)

Trial phase X2(16) 5 29.06 P 5 0.03b

Phase I 10 (47.6%) 4 (19.0%) 6 (28.6%) 0 (0.0%) 1 (4.8%)

Phase II 43 (63.2%) 12 (17.6%) 10 (14.7%) 0 (0.0%) 3 (4.4%)

Phase III 97 (70.3%) 14 (10.1%) 24 (17.4%) 2 (1.4%) 1 (0.7%)

Phase IV 33 (60.0%) 5 (9.1%) 13 (23.6%) 2 (3.6%) 2 (3.6%)

Not applicable 40 (45.5%) 10 (11.4%) 31 (35.2%) 1 (1.1%) 6 (6.8%)

Health condition

Infectious and parasitic diseases 15 (53.6%) 6 (21.4%) 5 (17.9%) 1 (3.6%) 1 (3.6%) X2(24) 5 25.95 P 5 0.35b

Neoplasms 55 (61.1%) 10 (11.1%) 24 (26.7%) 0 (0.0%) 1 (1.1%)

Mental and behavioral 15 (57.7%) 1 (3.8%) 9 (34.6%) 0 (0.0%) 1 (3.8%)

Circulatory 33 (61.1%) 8 (14.8%) 13 (24.1%) 0 (0.0%) 0 (0.0%)

Respiratory 16 (57.1%) 3 (10.7%) 8 (28.6%) 0 (0.0%) 1 (3.6%)

Pediatric 8 (53.3%) 1 (6.7%) 4 (26.7%) 0 (0.0%) 2 (13.3%

Other 81 (62.8%) 16 (12.4%) 21 (16.3%) 4 (3.1%) 7 (5.4%)

Health condition (general medicine
journals only)

X2(24) 5 23.15 P 5 0.49b

Infectious and parasitic diseases 12 (57.1%) 5 (23.8%) 2 (9.5%) 1 (4.8%) 1 (4.8%)

Neoplasms 15 (65.2%) 1 (4.3%) 6 (26.1%) 0 (0.0%) 1 (4.3%)

Mental and behavioral 8 (61.5%) 1 (7.7%) 4 (30.8%) 0 (0.0%) 0 (0.0%)

(Continued )
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Table 2. Continued

Characteristic

Registration status and timing Significant testing

Prospective,
that is, before
first participant

enrolled
(n [ 223)

In the same
month as
recruitment

start
(n [ 45)

Retrospective
before

recruitment
completion
(n [ 84)

Retrospective
after recruitment

completion
(n [ 5)

Unregistered
(n [ 13) X2 (df) P-value

Circulatory 25 (71.4%) 4 (11.4%) 6 (17.1%) 0 (0.0%) 0 (0.0%)

Respiratory 8 (57.1%) 2 (14.3%) 3 (21.4%) 0 (0.0%) 1 (7.1%)

Pediatric 7 (77.8%) 1 (11.1%) 1 (11.1%) 0 (0.0%) 0 (0.0%)

Other 65 (70.7%) 14 (15.2%) 12 (13.0%) 0 (0.0%) 1 (1.1%)

Registration status by trial
commencement yeara

X2(8) 5 2.58 P 5 0.97b

2005e2008 18 (54.5%) 5 (15.2%) 9 (27.3%) 0 (0%) 1 (3.0%)

2009e2012 99 (60.7%) 21 (12.9%) 38 (23.3%) 2 (1.2%) 3 (1.8%)

2013e2016 106 (64.6%) 18 (11.0%) 37 (22.6%) 3 (1.8%) 2 (1.2%)

a NA 5 8 missing data values from this variable.
b For these statistics, we used Monte Carlo estimation of exact P-values due to small expected cell counts.
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Extensive measures were thus taken to standardize interpre-
tation of the Cochrane Risk of Bias Tool across our two re-
viewers. We conducted a pilot run of 15 trials in which each
decision was extensively discussed among the reviewers
and in consultation with ALS and a Cochrane managing ed-
itor, to derive common interpretations and decision rules. In
addition, throughout the risk of bias rating process, any un-
certainties were discussed, and consensus was reached, to
standardize the risk of bias assessment process among our
reviewers.
4.2. Interpretation and implications

Registration rates were higher than in studies conducted
in previous years. In 2014, 10% of trials published in high-
impact journals were unregistered or registered after
completion of recruitment [8]. In our study, which looked
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for less than 4% of trials. Yet, while we sampled a broad
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nals with impact factors below three. Registration rates
may have been lower if we had included more trials from
lower impact journals as a recent study has shown that
approximately 95% of unregistered or retrospectively regis-
tered trials not accepted by the BMJ were published else-
where, demonstrating that ICMJE recommendations are
not enforced universally [22]. It is worth noting that while
our study calculated registration prevalence based on pub-
lished trials, recent studies including unpublished trials
(based on approved trial protocols) have reported very
similar rates of prospective registration [23].
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treatment trials [10]. In the present study, we show that Far-
quhar et al.’s findings can be generalized beyond fertility
treatment trials, by including a spectrum of general and
specialty medicine journals [10]. Our study adds important
information by demonstrating the role of registration timing
in risk of bias. The later a trial was registered, the higher
the probability for high risk of bias. This provides novel
insight to the implications of only including prospectively
registered trials in systematic reviews as proposed by Rob-
erts et al. [11].

Registration rates differed across trial characteristics. If
studies were excluded based on registration timing, some
study types would be disproportionately excluded from sys-
tematic reviews. This may introduce new bias. For instance,
primarily industry-funded trials were more likely to be
registered than trials funded by other sources. If only pro-
spectively registered studies were to be included in system-
atic reviews, primarily industry-funded trials would be
more likely to be included than trials from other funding
sources, yet these may have higher risk of bias in other do-
mains. Previous studies have shown that industry-funded
trials are more likely to be designed in a way that produces
favorable results: the likelihood of an industry-funded study
to find a positive result is two to four times higher than that
of a noneindustry-funded study [24e26]. Selectively
including more industry-funded studies could thus intro-
duce new bias toward more favorable results. Moreover,
while there was an association between risk of bias and
registration timing as predicted by Roberts et al., this asso-
ciation was not perfect [11]. Excluding unregistered or
retrospectively registered studies would inevitably exclude
some low risk of bias studies and include some prospec-
tively registered high risk of bias studies.

Overall, this study shows that excluding all retrospec-
tively registered and unregistered studies from systematic
reviews would risk introducing new bias and excluding
high-quality studies.
4.3. Alternatives to excluding retrospectively registered
and unregistered studies

Based on our results, we suggest an alternative
approach. The Cochrane Risk of Bias Tool offers a reliable
method to assess risk of bias, which takes into account risk
of selective reporting bias [18]. We advocate that system-
atic reviewers use the Cochrane tool to assess risk of bias
on a case-by-case basis. They can then conduct sensitivity
analyses excluding all high risk of bias trials assessed with
a gold standard risk of bias tool instead of using the imper-
fect proxy of registration to predict risk of bias.
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In the long term, we advocate for the implementation of
mechanisms that further improve registration rates, to strive
toward all trials being prospectively registered. This would
make the debate of whether to include or exclude unregis-
tered trials in systematic reviews redundant. Hunter et al.
have recently shown that the greatest barrier to prospective
registration is a lack of awareness and that 74% of retro-
spective registrants think that linking ethics to registration
would have helped them to register prospectively [20].
We therefore urge registries and ethics committees to inte-
grate their important services to reduce the administrative
burden for researchers and improve prospective registration
compliance.

4.5. Conclusion

This study gives a comprehensive overview of trial
registration rates and their relationship to trial characteris-
tics and risk of bias. Excluding all trials that do not comply
with the prospective registration criterion from systematic
reviews could introduce new bias because trial registration
is an imperfect proxy for risk of bias. Instead, systematic
reviewers should assess risk of bias on a case-by-case basis
and conduct sensitivity analyses only including low risk of
bias studies. Trial registration rates are on the rise, and
mechanisms should be implemented for further improve-
ment, to ultimately render this debate redundant.
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