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Yoon Loke” and Sunita Vohra®

Abstract

Background Trial registration aims to address potential bias from selective or non-reporting of findings, and there-
fore has a vital role in promoting transparency and accountability of clinical research. In this study, we aim to inves-
tigate the influence of trial registration on estimated harm effects in randomized controlled trials of medication
interventions.

Methods We searched PubMed for systematic reviews and meta-analyses of randomized trials on medication harms
indexed between January 1, 2015, and January 1, 2020. To be included in the analyses, eligible meta-analyses should
have at least five randomized trials with distinct registration statuses (i.e,, prospectively registered, retrospectively reg-
istered, and non-registered) and 2 by 2 table data for adverse events for each trial. To control for potential confound-
ing, trials in each meta-analysis were analyzed within confounder-harmonized groups (e.g., dosage) identified using
the Directed Acyclic Graph method. The harm estimates arising from the trials with different registration statuses were
compared within the confounder-harmonized groups using hierarchical linear regression. Results are shown as ratio
of odds ratio (OR) and 95% confidence interval (Cl).

Results The dataset consists of 629 meta-analyses of harms with 10,069 trials. Of these trials, 74.3% were regis-
tered, and 23.9% were not registered, and for those registered, 70.6% were prospectively registered, while 26.3%
were retrospectively registered. In comparison to prospectively registered trials, both non-registered trials (ratio

of OR=0.82, 95%Cl 0.68 to 0.98, P=0.03) and retrospectively registered trials (ratio of OR=0.75, 95%Cl 0.66 to 0.86,
P<0.01) had lower OR for harms based on 69 and 126 confounders-harmonized groups. The OR of harms did not dif-
fer between retrospectively registered and non-registered trials (ratio of OR=1.02, 95%Cl 0.85 to 1.23, P=0.83) based
on 76 confounders-harmonized groups.

Conclusions Medication-related harms may be understated in non-registered trials, and there was no obvious
evidence that retrospective registration had a demonstrable benefit in reducing such selective or absent reporting.
Prospective registration is highly recommended for future trials.
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Background

Randomized controlled trials are the main source of
high-quality primary evidence for causal relationships
between medical interventions and health outcomes [1].
Findings from randomized controlled trials have been
widely used for intervention efficacy assessment and
clinical guidelines development [2]. Randomized alloca-
tion provides a strong safeguard against selection bias
and reduces the risk of confounding due to baseline dif-
ferences between participants in the different arms [3].
However, randomization alone does not protect against
bias from subsequent selective outcome reporting [4].

Trial registration promotes transparency and account-
ability of clinical research, primarily by making any selec-
tive or non-reporting potentially visible to readers [5].
Access to the summarized details of a trial (e.g., through
a trial registry) allows public scrutiny of the trial design,
analysis plan, and reporting of the results [6]. The first
trial registry, ClinicalTrials.gov, was established and
available to the public in 2000 by the US Food and Drug
Administration Modernization Act of 1997 [7]. In 2004,
The International Committee of Medical Journal Edi-
tors (ICMJE) announced a requirement for authors of its
member journals to register their trials in a public reg-
istry [8]. The ongoing legal and regulatory process has
led to trial registration gradually becoming a mandatory
requirement for manuscript publication in many aca-
demic journals [9]. The registration of published rand-
omized trials increased from 25% in 2005 to 52% in 2015
[10], and to 85-90% by 2020 [11].

Despite these advances, numerous trials remain unreg-
istered, especially those that started in an earlier time
period. Also, a large proportion of trials were registered
retrospectively after the study had been started, or in
some cases, after completion of the trial (which may
therefore negate any of the enhanced transparency from
prospective registration) [12]. There appears to be size-
able evidence suggesting that non-registered and retro-
spectively registered trials tend to report larger treatment
effects than those registered prospectively due to selec-
tive reporting [13—15]. As a result, exaggerated treatment
effects may occur when the findings of non-registered
and retrospectively registered trials are incorporated into
evidence synthesis.

In contrast to efficacy, harms are featured less promi-
nently in both randomized controlled trials and meta-
analyses of randomized trials [16]. However, selective or
non-reporting of adverse outcomes could potentially be
even more problematic because of the very wide range
of spontaneously recorded harms in a trial. We hypoth-
esized that non-registered and retrospectively registered
trials may potentially be markedly affected by selective or
non-reporting of adverse events, thus potentially further

Page 2 of 11

biasing estimates of harm. Since evidence of harms is
important in guiding informed healthcare decisions
[17], elucidating selective or non-reporting of harmful
outcomes of registered and retrospectively registered
trials is critical for evidence-based medicine and policy
formulation.

In this study, based on a retrospective cohort design,
we compared medication-related harms reported among
trials that differed in their registration status. We aimed
to answer two specific questions: (1) whether there are
differences in reporting of harm effects for non-reg-
istered trials versus prospectively registered trials; (2)
whether retrospectively registered trials were similar to
or different from non-registered trials.

Methods

This study is part of a larger research program that aims
to investigate potential confounders that affect estimates
of harms reported in randomized controlled trials. The
protocol for the program has been previously reported
[18]. No major amendments were made; minor modifi-
cations are recorded in the Additional file 1. The report-
ing of the current study is in accordance with relevant
reporting guidelines (e.g., PRIOR statement) [19, 20],
whenever possible.

Data source
The current study was based on the recently established
dataset [21]. In brief, systematic reviews and meta-anal-
yses of adverse events that were indexed in PubMed
between Jan 1, 2015, and Jan 1, 2020, were searched by
an information specialist on Jul 28, 2020 (see Additional
file 1). We included systematic reviews and meta-analy-
ses of randomized controlled trials on medication inter-
ventions of any topic that focused exclusively on adverse
events as their outcomes of interest. Systematic reviews
in languages other than English or Chinese were excluded
for pragmatic reasons. For inclusion in the final analysis,
the meta-analyses must have involved at least five rand-
omized controlled trials and compared effects between
two intervention arms (i.e., pairwise meta-analysis), with
2 by 2 table adverse events data available for each trial.
We considered articles to be systematic reviews or
meta-analyses on the basis of the article titles as stipu-
lated by the original authors. We defined adverse events
as ‘any untoward medical occurrence in a patient or
subject in clinical practice! The representativeness of
the search was verified through an additional search of
PubMed of 292 systematic reviews or meta-analyses
that were identified in multiple databases (e.g., PubMed,
Embase, CENTRAL), with an estimated coverage ranging
from 93.9 to 99.3% [18, 22].
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The literature screen was conducted in duplicate by
a program assistant (XQ) and the principal investiga-
tor (CX). Titles and abstracts were screened first and
excluded based on full consensus; full texts were subse-
quently reviewed for the remaining articles. During this
full-text screening process, any conflicts were resolved
through discussion. The Rayyan web application (https://
www.rayyan.ai/) was used for the literature screen in
order to facilitate the sharing of papers for screening,
with independent scoring and application of eligibility
criteria being conducted by each screener.

Data collection

The extracted information fell into two separate work-
streams: (1) the first category was items that could be
directly extracted via the meta-analyses or trials with-
out any further judgments, and (2) the second was items
that needed additional assessment and judgment by the
data extraction team. The first category included items
such as author names, publication year, review outcomes,
trial name of each trial, the 2 by 2 table data for each
trial, analytic rules (e.g., intervention-to-treat), type of
intervention and control, median treatment duration of
each arm, dosage of the intervention, age of trial popula-
tion (children, adult), source of funding, number of trial
centers, and registration status of the trial. To minimize
potential data extraction errors, all information was col-
lected by y at least two reviewers from the team (CX,
TQ, FZ, XY, RZ, YT, XX, YZ, XZ, LFK, YY, HD), with a
further independent double- or triple-checking process.
We recognized that our previous research has empirically
demonstrated the presence of data extraction errors in up
to 60% of the 2 by 2 table data of trials presented in the
forest plot or table of the meta-analyses [23, 24]. Hence,
we checked the accuracy of these 2 by 2 table of adverse
events data by referring to the original data source (i.e.,
full texts, appendix, registration of the trial) and made
necessary correction after the duplicate extraction [18].
The Additional file 1 has a record of these details.

Some published manuscripts may not have given any
details regarding their trial registration status [12, 25].
In these situations, we searched (using the name of the
trial’s principal author, intervention, and control group)
four registries to determine the registration status: Clini-
calTrials.gov, WHO’s International Clinical Trials Regis-
try Platform, European Clinical Trials Register, and the
International Standard Randomized Controlled Trial
Number (ISRCTN) registry. The sample size, arms of
interventions, and listed publications in the registries
were used to match the trials. We did not contact the
corresponding authors of the trials for the registration
status since we expected very few replies. Thus, it is pos-
sible that we may have missed a few potentially registered
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trials, thus resulting in misclassification bias. This bias
would lead to an underestimation of any difference in the
harm estimates between non-registered and registered
trials. Registered trials were coded as prospectively or
retrospectively registered, based on the timing of regis-
tration versus the start date in the registries. A trial regis-
tered before or within 1 month of the trial start date was
regarded as prospectively registered [13].

The second category of extracted information relates to
the risk of bias for each trial and the type of outcomes
evaluated by each meta-analysis. Since the risk of bias
information for the included trials is not described by
all systematic reviews [26], we re-assessed the risk of
bias using an adapted RoB 2 with an emphasis on appli-
cable components and domains based on the original
reports. The assessment included (1) random sequence
generation, (2) allocation concealment, (3) blinding of
participants, (4) blinding of healthcare providers, and
(5) blinding of outcome assessors [27]. We made a judg-
ment on the type of adverse events by dichotomizing
the outcomes as either subjective or objective. To mini-
mize potential human errors when collecting the second
type of information, a duplicate assessment strategy was
used; the RoB was assessed by two groups of investigators
independently (group 1: FY, TQ, YY; group 2: XY, ZR),
whereas the type of outcomes was judged by two senior
methodologists (CX and LFK) independently. Conflict-
ing decisions were discussed online until a consensus was
reached.

Outcomes

The primary outcomes were (1) the relative difference of
the odds ratio (OR) of the harm effects for non-registered
trials to prospectively registered trials; (2) the relative dif-
ference of the OR of the harm effects for retrospectively
and prospectively registered trials. The secondary out-
come was the relative difference of the OR of the harm
effects between retrospectively registered trials and non-
registered trials.

Confounders and adjusting

To identify potential variables that may bias our com-
parison of the relative differences between registered
and unregistered trials, we applied a causal path analysis
using directed acyclic graphs (http://dagitty.net/) [28].
This method connects potential variables with directed
arrows to posit the relationship between variables, with
the presence of an arrow denoting a causal relationship
between two variables and vice versa. The components
of the directed acyclic graph help researchers to recog-
nize confounders that may bias the analysis from the
exposure-endpoints pathway (see Additional file 1: Fig.
S1 for further details). Based on previous studies [29, 30],
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the following confounders were considered: intervention,
control, treatment duration, dosage, allocation conceal-
ment, blinding status for participants, blinding status
for care providers, blinding status for outcome asses-
sors, population age, disease, number of centers, analytic
rules, experience of trialists, country policies of registra-
tion, source of funding, and role of funding agencies.

After establishing the directed acyclic graph, one of the
following four paths was used for the adjustment (Addi-
tional file 1: Fig. S1): (1) population age, blinding status
for assessors, blinding status for participants, blinding
status for care providers, allocation concealment, dos-
age, treatment duration, analytic rule, intervention, and
control; (2) population age, blinding status for asses-
sors, blinding status for participants, blinding status for
care providers, allocation concealment, disease, treat-
ment duration, analytic rule, intervention, and control;
(3) blind assessors, blinding participants/care providers,
concealment, funding; and (4) funding, and experience
of trialists. As there was little information on the disease
(e.g., severity), funding (e.g., role of funding), and experi-
ence of trialists of each trial, we used the first adjustment
set, which contained ten confounders.

In order to control for confounding, we removed tri-
als where the intervention and control arms had different
treatment durations. The remaining trials in each meta-
analysis were then grouped for harmonization based on
the remaining nine confounders. Before the harmoniza-
tion, we re-coded concealment and blinding status as two
categories by combining ‘Yes” and ‘Probably Yes’ into one
and ‘No; ‘Probably No;, ‘No information’ into one, as an
effort to avoid sample loss. We further checked the reg-
istration status of each group, and only those groups of
the trials with different statuses of registration would
be further identified for eligibility. Each group thus had
profiles matched on the key confounders and formed
the basic unit for subsequent comparison between trials
with distinct registration status (i.e., prospectively regis-
tered, retrospectively registered, and non-registered). For
convenience, we refer to these matched groups as ‘con-
founders-harmonized groups’ Further details are given in
Additional file 1: Fig. S2.

We also considered the alternative method to adjust for
these confounders by them as explanatory variables in a
multivariable regression model. However, this proved not
to be feasible in our case because some of the confound-
ers involved hundreds of categories (i.e., intervention,
control, and dosages) that would markedly influence the
validity and robustness of the regression model [31].

Data analysis
Baseline characteristics were summarized descriptively,
namely, by proportions, median value, and interquartile
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range (IQR). For the main analysis, we used the ratio of
OR as effect estimates to measure the relative difference
of the harm effects [32]. Since the current study focused
on adverse outcomes, zero events may occur [33]. The
continuity correction by adding 0.5 to each cell was
used to approximate the OR if zero events occurred in
single or both arms [34]. A hierarchical linear regres-
sion model was used to estimate the average ratio of OR
across the confounders-harmonized groups, with trials
as level 1 and groups as level 2. This is because some
trials might be included in multiple meta-analyses, and
some meta-analyses involved two or more groups. For
the same reason, a robust error estimate was used by
treating meta-analysis as a cluster [35].

Pre-planned subgroup analyses were conducted
based on characteristics of the trials: type of outcomes
(objective vs. subjective), source of funding (academic
vs. industry), year of publication (dichotomized into
2001 to 2010 vs. 2011 to 2020), geographical region
(Europe & North America, multiple-countries, others),
and sample size (less than 500 vs. 500 and more). For
the subgroup analysis on the year of publication, the
trials published in 2000 or before were not included
since ClinicalTrials.gov was not available to the pub-
lic until 2000 [7]. The 2010 cutoff for stratification was
based on the time of the release of the CONSORT 2010
statement [36]. The sample size stratification was made
on the assumption that trials with a total sample size of
500 were unlikely to report zero events.

Nineteen variables in the dataset were affected by
missing data, with proportions missing ranging from
3.1 to 27.5%. Missing data stemmed primarily from
selective or incomplete reporting of the trials and our
inability to access a small proportion of the full-text
articles despite numerous efforts (Additional file 1:
Table S3). For the variables used in the current study,
the missing proportions ranged from 3.1 to 14.3%,
with two exceeding 10%, namely, treatment duration
in intervention and control arms. As there is currently
no validated method for addressing this type of miss-
ing information, we removed these trials from the final
analyses [37]. All data analyses were run via Stata/SE
16.0 (Stata Corp LCC, College Station, TX), with a two-
sided alpha=0.05 as the significance level.

Patient and public involvement

This study investigated the methodological issue of rand-
omized trials. No patients or public were involved in set-
ting the research question or the outcome measures, nor
were they involved in design, implementation, interpreta-
tion or writing up of results.



Xu et al. BMC Medicine (2024) 22:450

Results

The initial search resulted in 18,636 records; 1967 were
excluded for duplicate reporting, and 15,399 were
excluded by screening the titles and abstracts. Full-text
screening of the remaining 1330 records yielded 151
systematic reviews and 629 meta-analyses of 10,069 tri-
als (Fig. 1). Here, the number of trials is reported on a
repeated-counting (or non-exclusive) basis—a trial that
is present in multiple meta-analyses or a trial that pre-
sents results of subgroups of different doses within a
meta-analysis has been counted more than once. The
list of included reviews and reasons for exclusion are
listed in the Additional file 1. The characteristics of the
included reviews and trials are shown in Table 1.
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Among the 10,069 trials, 74.3% were registered, and
23.9% were not registered, and for those registered, 70.6%
were prospectively registered, while 26.3% were retro-
spectively registered. The proportion of non-registration
and retrospective registration has steadily decreased over
time, see Fig. 2. Full-text reports in either English or Chi-
nese were available for 9598 (97.5%) trials. Exclusion of
trials with ambiguous data on outcome events [18] and
those without treatment duration, 7541 (74.9%) trials
remained. After eliminating trials with different treat-
ment durations between intervention and control arms
and grouping, the construction of confounder-harmo-
nized groups enabled us to conduct the following analy-
ses: 65 groups with 212 trials for the comparison of no
registration vs. prospective registration, 126 groups with

PubMed database (18,636)
rom 1%-Jan, to 1s-Jan, . rom [%-Jan, to 18-Jan, b
(1) fi 15t-Jan, 2015 to 1%*-Jan, 2018. (2) fi 15t-Jan, 2018 to 1%*-Jan, 2020

—

Duplicates (1,967)

Records screened by
titles and abstracts .

(16,669)

Records excluded

Exclusion by both rators

Duplicates (n=8)

* Excluded by both reviewers (n=604)
1) Qualitative SR on safety

2) Effectiveness

(15,339) 3) Not healthcare intervention
Full-text articles assessed ‘52 I;Iaria:iive “f"i?ws
for eligibilit — ooled analysis
(1 ??30) v 6) Contains original study
> 7) Commentary
Conflicts (343) 8) Meta-epidemiological studies
l Included by both
: reviewers . .
Further included (375) Triple-check and included

. |

3)

Systematic reviews with meta-analysis of adverse events on healthcare intervention (N=511), with 55 were
meta-analysis of incidence, remaining 456 meta-analyses of comparisons

Systematic reviews of healthcare intervention based on
RCTs, with at least one pairwise meta-analysis that contains

* Contains Non-RCTs (n=102)

*  Without pairwise meta-analysis, less
than 5 studies in all meta-analyses,
failed to report 2 by 2 table data (n=153)

5 or more studies with 2 by 2 table data available (N=201)

=

Surgery or Device or other non-
pharmaceutical interventions (n= 50)

Real-word dataset: Systematic reviews of pharmacological interventions based on RCTs, with at least one
pairwise meta-analysis that contains 5 or more studies with 2 by 2 table data available (N=151)

l

Total 629 real-world meta-analyses with 10,069 studies (some RCTs were included in more than one meta-
analysis)

Fig. 1 The flow diagram of literature screening
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Table 1 Characteristics of eligible systematic reviews and trials

Characteristics Summary
Region of corresponding author (review level) N=151
Africa 9 (6.0%)
Americas (North and South) 32 (21.2%)
Asia 68 (45.0%)
Europe 40 (26.5%)
Oceania 2 (1.3%)
Topic of disease (review level)
Cancer 68 (45.0%)
Diabetes and cardiovascular diseases 19 (12.6%)
Osteoarticular diseases 16 (10.6%)
Others 48 (31.8%)
Registration (study level) N=10,069
Yes 7483 (74.3%)
No 2408 (23.9%)
Not reported 178 (1.8%)
Registration forms (study level) N=7483

5283 (70.6%)
1965 (26.3%)

Prospective
Retrospective

Both (multiple trial registrations) 51 (0.7%)
Not applicable (unpublished trials) 184 (2.5%)
Center (study level) N=10,069
Multiple centers 7891 (78.4%)
Single center 350 (3.5%)
Not reported 1828 (18.2%)

Funding(study level)

Industry 8440 (83.8%)
Industry & academic 108 (1.1%)
Academic 737 (7.3%)
No funding 3 (0.0%)
Not reported 781 (7.8%)
Region (study level)
Africa 15 (0.2%)
Asia 850 (9.9%)
Australia 55 (0.6%)
Europe 759 (8.8%)
North America 1291 (15.0%)
South America 10 (0.1%)

Al
Multi-regional 5617 (65.3%)
(

Not reported 1472 (14.6%)

Publication type of study (study level)

Article 9848 (97.81%)

Abstract 18 (0.18%)

Registration only (unpublished) 198 (1.97%)

Non-randomized controlled trial (removed) 5 (0.05%)
Accessible of full texts (study level) N=9848

Yes 9598 (97.46%)

No 250 (2.54%)
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342 trials for the comparison of retrospective registration
vs. prospective registration, and 76 groups with 249 tri-
als for the comparison of retrospective registration vs.
no registration. The median number of trials within each
group was 2 (IQR 2 to 4; range 2 to 17), 2 (IQR 2 to 3;
range 2 to 17), and 3 (IQR 2 to 3; range 2 to 17) for each
of the above comparisons.

Harm effects in non-registered trials versus prospectively
registered trials

In the hierarchical linear regression analysis of the
65 confounder-harmonized groups of 212 trials that
addressed all the ten confounders, the OR of harms was
significantly lower in unregistered trials versus prospec-
tively registered trials (ratio of OR=0.82, 95%CI 0.68 to
0.98, P=0.03).

In subgroup analyses, the underestimation of harms
remains while not statistically significant when strati-
fied by type of outcomes, year of publication, and source
of funding, and interaction tests within the subgroups
showed no substantial differences. However, when strati-
fied by sample size and region, significant differences
were observed among the subgroups: the ratio of OR was
0.70 (95%CI 0.50 to 0.98, P=0.04) for trials with sample
size less than 500, while was 1.09 (95%CI 0.82 to 1.46,
P=0.54) for trials with a sample size of 500 or more (P
for interaction test=0.05); similarly, the ratio of OR was
1.19 (95%CI 0.93 to 1.52, P=0.16) for trials conducted in
Europe or America, while was 0.85 (95%CI 0.69 to 1.05,
P=0.13) for trials conducted in multi-countries (P for
interaction test=0.04). See Fig. 3.

Harm effects in retrospectively registered

versus prospectively registered trials

In the hierarchical linear regression analysis of the
126 confounder-harmonized groups of 342 trials that
addressed all the ten confounders, the OR of harms in
retrospectively registered trials was lower than that of
prospectively registered trials (ratio of OR=0.75, 95%CI
0.66 to 0.86, P<0.01).

In subgroup analyses, the underestimation remains
statistically significant when stratified by type of out-
comes, year of publication, source of funding, and sam-
ple size. It was more prominent in objective outcomes
(ratio of OR=0.66, 95%CI 0.54 to 0.81, P<0.01), trials
published before 2011 (ratio of OR=0.62, 95%CI 0.48 to
0.79, P<0.01), trials received academic funding (ratio of
OR=0.59, 95%CI 0.44 to 0.79, P<0.01), and trials with
larger sample size (ratio of OR=0.52, 95%CI 0.41 to 0.65,
P<0.01). However, when stratified by region, only trials
conducted in multi-countries showed such an underesti-
mation (Fig. 4).
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Trend of non-registration and retrospective registration
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Fig. 2 The proportion of non-registration and retrospective registration over time
None registration versus prospective registration on harm effects
Subgroups OR (95% CI) P-value Interaction
Outcome type (Prvalue)
Objective safety outcomes (n = 70) = 0.68 (0.38, 1.20) 0.19 050
Subjective safety outcomes (n = 143) s 0.84 (0.70, 1.02)  0.08 }
Year of publish
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Overall effect
None versus prospective registration (n = 212) e 0.82 (0.68, 0.98) 0.03

1

Fig. 3 Estimated harm effects in non-registered versus prospectively registered trials

Harm effects in retrospectively registered
versus non-registered trials
In the hierarchical linear regression analysis of the 76 con-
founders-harmonized groups of 249 trials that addressed
all the ten confounders, there was no significant difference
in the OR for retrospectively registered and non-registered
trials (ratio of OR=1.02, 95%CI 0.85 to 1.23, P=0.83).

In subgroup analyses, the null difference remained
when stratified by type of outcomes and source of

funding. However, when stratified by year of publi-
cation, in trials published before 2011, those retro-
spectively registered had larger OR than those not
registered (ratio of OR=1.12, 95%CI 0.75 to 1.68,
P=0.58). However, in trials published more recently,
those retrospectively registered had smaller OR than
those not registered (ratio of OR=0.85, 95%CI 0.66
to 1.09, P=0.20). Similar inconsistency was observed
when stratified by region. See Fig. 5.
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Retrospective versus Prospective registration on harm effects

Subgroups OR (95% CI) P-value Interaction
Outcome type (Povalue)
Objective safety outcomes (n=171) —a— 0.66 (0.54, 0.81) <0.01
Subjective safety outcomes (n = 171) —i— 0.82 (0.73, 0.93) <0.01 007
Year of publish
2001 to 2010 (n = 28) —a— 0.62 (0.48, 0.79) <0.01 0.15
2011 to 2020 (n=270) —— 0.79 (0.63, 0.98) 0.03
Funding sources
Academic funding (n = 12) —_— 0.59 (0.44, 0.79) <0.01 012
Industry funding (n = 314) —— 0.76 (0.66, 0.86) <0.01
Sample sizes
Less than 500 (n = 273) —i— 0.75 (0.65, 0.86) <0.01 <001
500 and more (n=11) —a— 0.52 (0.41, 0.65) <0.01
Region
North America & Europe (n = 35) 1.01 (0.57, 1.80) 097 027
Multi-countries (n = 119) —a— 0.72 (0.59, 0.88) <0.01
Others (n = 49) - 1.16 (0.74, 1.79)  0.52 005
Overall effect
Retrospective vs. prospective registration (n = 342) R — 0.75 (0.66, 0.86) <0.01
1
Fig. 4 Estimated harm effects in retrospectively registered versus prospectively registered trials
Discussion unregistered or registered retrospectively may still have

Prospective trial registration has been widely highlighted an impact on the evidence, practice, and policy, which
and intensively promoted in the past decade, and the was less investigated. In this study, we evaluated differ-
majority of current trials evaluated here have been pro-  ences in estimates of medication-related harms for non-
spectively registered. However, those trials that remained  registered trials as compared to registered trials after

Retrospective registration versus none registration on harm effects

Subgroups OR (95% CI) P-value Interaction
(P-value)
Outcome type
Objective safety outcomes (n=91) = 1.04 (0.90, 1.19) 0.61
0.85
Subjective safety outcomes (n = 158) —— 1.01 (0.78, 1.32) 0.94
Year of publish
2001 to 2010 (n=139) — 1.12 (0.75, 1.68) 0.58 025
2011 to 2020 (n= 32) = 0.85 (0.66, 1.09) 0.20

Funding sources

Academic funding (n = 203) —— 1.03 (0.84, 1.27) 0.78
Industry funding (n=11) 0.98 (0.23, 422) 0.98 09
Sample sizes
Less than 500 (n = 175) B 0.85 (0.76, 0.96) 0.01
500 and more (n = 10) —— 0.79 (0.51, 1.22) 0.29 7
Region
North America & Europe (n = 54) - 2.10 (0.79, 5.59) 0.14
Multi-countries (n = 49) —s— 0.87 (0.59, 1.27) 0.46 010
Others (n = 0) No estimates NA
Overall effect
Retrospective vs. none registration (n=249) 1.02 (0.85, 1.23)  0.83
_r
0 1 2 3 4 5

Fig. 5 Estimated harm effects in retrospectively registered versus non-registered trials
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controlling for potential confounders. We found that for
medication-related harms, non-registered trials and ret-
rospectively registered trials had smaller effect estimates
than prospectively registered ones. The findings are sup-
ported by a parallel analysis demonstrating that there was
no significant difference in harm effects in trials regis-
tered retrospectively and trials that were non-registered.
To this end, based on empirical evidence, on average,
non-registered trials and retrospectively registered trials
are associated with underestimates of the harm effects by
18 and 25%.

In our subgroup analyses, we observed some inconsist-
encies with regard to registration status on harm effects
when stratified the comparisons by region. In all three
comparisons, for trials conducted in Europe or America,
there were no significant differences in the harm effects
among non-registered, retrospectively registered, and
prospectively registered trials. A potential explanation
might be that trials conducted in Europe or North Amer-
ica had better reporting in terms of harm outcomes. This
could be expected as currently most of the methodologi-
cal and reporting guidelines (e.g., CONSORT harms [38])
of clinical trials were initiated in these regions where
researchers’ reporting behaviors were more likely to be
affected. Further research to explore the impact of regu-
lations and policies on clinical trial outcome reporting is
worthwhile. Moreover, in the comparison of non-regis-
tered vs. prospectively registered trials, the sample size of
the trials may have a subgroup effect as only trials with
a sample size less than 500 underestimated harms. It is
hard to distinguish whether this is by chance or a true dif-
ference, because the number of studies used in one of the
subgroups is small (103 vs. 29), and similar divergence
was not observed in the other two parallel analyses. Nev-
ertheless, this may have little impact on generalizability
as the majority of current trials had a sample size of less
than 500 [39].

The effects of trial registration on reducing selective
or absent reporting of efficacy outcomes may differ sub-
stantially from that of harm outcomes. Previous stud-
ies have demonstrated exaggerated efficacy estimates in
non-registered and retrospectively registered trials ver-
sus prospectively registered trials [13—-15]. The current
study extended the topic to harms and showed harms are
under-estimated in non-registered and retrospectively
registered trials. If we take these findings together, it
seems that non-registered trials and retrospectively reg-
istered trials are prone to exaggerate the beneficial effects
while discounting the harmful effects. These findings are
in line with the competing interests that drive the desire
or optimistic expectation of delivering a successful treat-
ment with a high level of benefits and only minimal harm.
Our findings provide evidence of selective or absent
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reporting in non-registered trials and retrospectively reg-
istered trials, thus highlighting the critical importance of
prospective trial registration.

Implications for future research

In evidence-based practice, registered and non-regis-
tered trials are routinely aggregated together. Inclusion of
more trials possibly improves the precision of the pooled
effects, but can also be associated with a risk of an addi-
tional flaw whereby the efficacy may become exaggerated
while the harms are underestimated. We do not advocate
discarding non-registered trials and retrospectively reg-
istered trials—they may still provide useful information,
some of which could be of high quality, especially when
the events of interest are rare. A valid and simple method
would be to run subgroup analyses that separate data
from non-registered and retrospectively registered trials
from prospectively registered trials [40]. Alternatively,
authors of the original publications could be contacted to
verify the actual events of specific harm.

The current study showed a similar effect of harms
between retrospectively registered and non-registered
trials, suggesting retrospective registration did not pre-
vent selective or absent reporting bias. This finding is
consistent with a lack of improvement by retrospective
registration in terms of efficacy reporting [14]. Regula-
tory agencies should consider mandatory requirements
for prospective registration for clinical trials. Academic
journals and peer reviewers are highly recommended to
implement strict scrutiny of the results of non-registered
trials to avoid potentially misleading healthcare practices.
Review authors should be encouraged to use relevant
tools (e.g., Outcome Reporting Bias in Trials II, ORBIT
II [41]) to classify the risk of selective or absent reporting
on harm outcomes of included trials.

Strengths and limitations
To the best of our knowledge, this is the first study that
has focused on the association between reported harm
effects and the trial registration status. To minimize
human errors, we adopted a scrupulous data collec-
tion strategy, with all collected data being triple or even
quadruple checked after double extraction. The appli-
cation of directed acyclic graphs helped us to identify
potential confounders which we subsequently were able
to address within this large-scale dataset. In the data
analysis, we considered both within-trial correlation
and between-trial correlation to ensure robust param-
eter estimations. All these efforts strengthened the reli-
ability of our findings.

There were three major limitations that may impact
the robustness or representativeness of our findings.
During the data collection process, we made every
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effort to obtain the information of each trial, for exam-
ple, by reviewing the supplementary file and registry of
each trial. However, there remained a small proportion
of trials afflicted by missing information of certain vari-
ables due to selective or incomplete reporting. Some
very early trials (e.g., in the 1980s) provided limited
access to full texts. The removal of these trials (those
with missing information and without full texts) led
to a 23.6% decrease in available trials for our evalua-
tion. In addition, based on the study by Su et al., safety
outcomes were only reported in 43% of the published
trials, and the majority did not report any safety out-
come [42]. This means the trials collected in our dataset
refer to a smaller selection where safety outcomes were
reported. While the representativeness of our findings
may potentially be impacted, we recognize that there
are currently no straightforward solutions for this issue.
The release of the CONSORT Harms 2022 statement
may help to improve the reporting issue [43]. The set-
ting of minimal clinically important differences in our
study may also help to partially address the impact.
Moreover, the current study only included trials of
pharmacological agents. It is unclear whether under-
estimation of harms is also a problem in trials of non-
drug trials.

Conclusions

Current evidence suggests that non-registered trials and
retrospectively registered trials may be linked to smaller
estimated harm effects than prospectively registered
ones. While trial registration had a beneficial effect on
reducing selective or absent reporting for safety out-
comes, there was no evidence that retrospective regis-
tration has a demonstrable benefit on better reporting.
Prospective registration is highly recommended for
future trials to reduce potential selective or absent
reporting.
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