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Abstract 

Objectives: To investigate the association between trial registration and the risk of bias.  

Study design and settings: Randomized controlled trials (RCTs) from systematic reviews of 

medication-harm published between January 1, 2015, and January 1, 2020 were used, assessing first 

post and start dates on open registries along with risk of bias. Multivariable logistic regression 

analyses for both individual safeguards and overall risk of bias (RoB) by registration status (i.e., not 

registered, retrospectively registered, prospectively registered) were conducted.  

Results: A total of 2,030 RCTs were identified from 151 systematic reviews; 65.46% (851/1,300) 

were registered prospectively and 34.54% (449/1,300) retrospectively among 64.04% (1,300/2,030) 

registered RCTs. Regression analysis indicated that when compared to no registration, prospective 

registration was associated with safeguards against bias using randomization sequence generation 

(OR = 1.51, 95% CI: 1.09 to 2.07), allocation concealment (OR = 1.69, 95% CI: 1.22 to 2.36), 

blinding of outcome assessors (OR = 1.65, 95% CI: 1.14 to 2.38), as well as lower overall RoB (OR 

= 2.04, 95% CI: 1.19 to 3.50). When comparing prospectively and retrospectively registered trials, 

prospective registration was more likely to have lower overall and individual RoB, but this was not 

statistically significant. Prospective registration was associated with blinding of participants (OR = 

1.70, 95% CI: 1.26 to 2.30) and outcome assessors (OR = 1.68, 95% CI: 1.25 to 2.28), but not lower 

overall RoB as compared to retrospective registration.  

Conclusion: Prospectively registered trials were more likely than non-registered trials to implement 

adequate procedures against bias. Prospectively registered trials may also serve as an indicator of 

lower overall RoB in RCTs.  
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Introduction 

In evidence-based medicine, randomized controlled trials (RCTs) are considered the trusted gold 

standard for the generation of high-quality evidence about the effectiveness of interventions [1]. In 

RCTs, participants are randomly assigned to intervention groups, ensuring that the subjects among 

groups are comparable to minimize potential confounding bias [2]. However, RCTs are not 

completely free from biases that can arise from other design weaknesses or poor implementation of 

the recommended methodology. For example, allocation bias may arise from weaknesses in the 

randomization procedure [3], whereas performance and measurement biases can crop up if 

concealment and blinding are not well implemented [4]. All these biases can potentially cause effect 

estimates to deviate from the true value [5]. 

 

Substantial efforts have been made to promote methods that safeguard against the threat of bias in 

RCTs. These include, but are not limited to, standardization of the trial procedures [6], the 

development of the risk of bias instruments to explicitly highlight problematic areas [7], and the 

promotion of the transparency of the trial life cycle [8]. Trial registration is a key initiative aimed at 

improving transparency through facilitating the detection of selective reporting bias [9] and 

subsequent reduction in publication bias [10]. Published empirical research has suggested that 

prospective trial registration is associated with a reduction in outcome reporting bias [11-13].  

 

The potential benefits of trial registration may extend beyond the reduction in reporting biases. 

Several empirical studies have noticed that registration may also be associated with methodological 

improvements in trial design and implementation [14]. Nevertheless, there have been divergent 

findings regarding the extent of this association. For example, in the study by Lindsley et al., 

registered trials were more often judged as having low risk of bias [15]. However, Farquhar et al. 

did not consistently observe such associations in some of the bias components of registered and 

non-registered trials [16]. There is a clear need for further empirical studies to better define whether 

trial registration is truly associated with lower risk of bias, particularly in studies reporting 

medication-harms such as that harms were reported inconsistently and critical methodological 

elements diverged in registry and published studies [17, 18], thus serving as a strong foundation for 



robust evidence to inform healthcare decision-making. Therefore, in this study, we have used a 

large-scale empirical dataset to evaluate any potential association between prospective trial 

registration and specific implementation of safeguards as well as overall risk of bias.  

 

 

Methods 

This meta-research, as a part of a large research project, aimed to examine bias safeguards 

implemented in RCTs by registration status, thereby evaluating the association between registration 

and risk of bias. For the reporting of this study, we accorded to related guidelines whenever possible 

[19]. 

 

Data source  

Key features of our study design and protocol have been reported previously [20]; our work was 

conducted based on a comprehensive empirical dataset, the SMART Safety [21]. Briefly, we 

conducted a literature search of systematic reviews focused on adverse events via PubMed from 

January 1, 2015 to January 1, 2020. We included systematic reviews and meta-analyses for 

healthcare interventions, with safety as the exclusive outcome, and pairwise meta-analyses that 

reported two-by-two data for each trial. We defined adverse events as “any untoward medical 

occurrence in a patient or subject in clinical practice,” which consists of adverse effects, adverse 

reactions, harms, complications, and toxicity in pharmaceutical interventions [22]. The sensitivity 

of the search was verified, and it ranged from 93.85% to 99.30% [23].  

  

Two reviewers screened the records independently. In step one, titles and abstracts were screened; 

reasons for inclusion and exclusion were documented in detail using Rayyan 

(https://www.rayyan.ai/) [24]. Subsequently, the full-text records were retrieved and assessed for 

eligibility. Any disagreements were resolved through discussion.  

  

Data collection 

https://www.rayyan.ai/


Data collection was conducted through independent duplicate extraction (CX, YT, XY, RZ, YZ); 

see Table S2. Three types of information regarding the included trials were collected: baseline 

characteristics, registration status, and risk of bias assessment. For baseline information, we 

extracted the year of publication, number of participants, regions where the studies were conducted 

(e.g., Asia), funding (e.g., industry, academic), and age groups (e.g., children). For each trial, we 

retrieved the number of publications by the first author via Scopus. A triple-checking process was 

implemented to verify information to minimize errors [21]. The detailed procedure for collecting 

registration status and assessing the risk of bias is described below.  

 

Registration information 

We classified the trial registration status into three exclusive categories: prospectively registered, 

retrospectively registered, and not registered [25]. We used a two-step process to define the 

registration status for each trial. First, we reviewed the full texts of the included trials to access any 

reported registration information. Second, if such information was not reported, we conducted 

reverse searches in three registries and a search portal: ClinicalTrials.gov, European Clinical Trials 

Register, International Standard Randomized Controlled Trial Number, and WHO’s International 

Clinical Trials Registry Platform—based on the principal author’s name, intervention, control, and 

sample size. We took this step because around 10% of published reports do not explicitly report 

their registration status [26]. To more precisely define the registration category (prospective or 

retrospective), we recorded the exact dates when the trials were posted to the public registry, when 

they started, and when the primary trial was completed. Those trials registered before or within one 

month of the first participant enrollment were categorized as prospectively registered 

(Supplementary Box 1), while all others were considered retrospectively registered [27]. 

 

Risk of bias (RoB) assessment  

In terms of the Cochrane risk-of-bias tool (RoB [7]), the risk of bias was mainly evaluated across 7 

safeguards: 1) random sequence generation, 2) allocation concealment, 3) blinding of participants 

and personnel, 4) blinding of outcome assessors, 5) incomplete outcome data, 6) selective reporting, 

and 7) other bias. However, our evaluation focused on the first four safeguards due to their relatively 

objective characteristics [28]. These four safeguards were used to assess the overall risk of bias in 



the included trials. Five authors conducted the RoB assessment (XY, RZ, TQ, FY, YY); to minimize 

potential measurement bias, pilot training was employed prior to the start of the risk of bias 

assessment, using five trials randomly selected from the dataset. After the training, the authors were 

divided into two groups to independently assess the RoB (Group 1: FY, TQ, YY; Group 2: XY, RZ).  

 

We aimed to use the response options: ‘Yes’, ‘Probably Yes’ (PY), ‘No’, ‘Probably No’ (PN), and 

‘No information’ (NI). However, in our pilot training, we found that the negatively worded phrasing 

for the assessment of the implementation of safeguards created some confusion in interpretations. 

Therefore, to avoid confusion, we took the options of ‘Yes’ or ‘Probably Yes’ as studies that 

implemented or probably implemented the safeguards, and ‘No’ and anything else as did not or 

probably did not implement the safeguards, in contrast to the original responses of RoB 2. 

  

The overall risk of bias was decided based on the Cochrane risk-of-bias tool [29], as follows: 1) low 

risk: a trial, if all four safeguards implemented (PY or Y); 2) unclear: at least 1 safeguard out of four 

was assessed unclear, and no safeguards were assessed as high; 3) high risk: any one or more of the 

safeguards were assessed as not implemented (N or PN). Any disagreements were resolved through 

discussion and consensus.  

 

Outcomes 

Our primary interest was to examine the odds of implementation of each of the four safeguards by 

category of trial registration status. A secondary outcome was the odds of a trial having low overall 

risk of bias (by the scheme outlined above) according to the category of trial registration, namely 

prospective, retrospective, and not registered.  

 

Statistical analysis 

Baseline characteristics were summarized using counts and proportions for categorical variables. 

For the main analysis, we employed a multivariable logistic regression with the implementation 

status of RoB as the response variable and registration status as the explanatory variable, taking 

potential confounders into account. To model the regression, we indexed the implemented category 



as 1 (e.g., prospective registration) and the not-implemented as 0 (e.g., not registered), with 

registration implementation status as defined in the methods. Similarly, for RoB, we indexed low 

risk of bias as 1 and high/unclear risk of bias as 0, using the categories defined in the methods. 

 

To identify potential confounders, a directed acyclic graph (DAG) (http://dagitty.net/) was used. 

This method allowed us to establish the directed relationship of related variables between 

registration status and either implementation or RoB [30]. To this end, the following variables were 

found to be potential confounders and were further adjusted in the regression model: year of 

publication, region, funding sources, and trial experience of the first author. We stratified the year 

of publication into three categories (before 2004, 2005 to 2010, after 2011) based on the time of 

release of two important registration and reporting policies, specifically, the ICMJE (2004) and 

CONSORT 2010 (2010) [31]. We stratified the region into four categories based on the economic 

levels and geography, such as multi-region, North America or Europe, other regions, and no 

information. We stratified funding sources into three categories based on the nature of the sponsors: 

academic funding, industry funding, and others. The trialists’ prior experience with RCTs was 

measured by determining whether the first author of included trials had previously been a co-author 

on a preceding RCT. We stratified the number of published studies into four parts (Q1, Q2, Q3, Q4, 

and no information) as a proxy for trialists’ experience; see Figures S2 and S3.  

 

We reported our results as the odds ratio (OR) and its 95% confidence interval (CI) [33]. To avoid 

potentially misleading results, we defined a minimal important difference (MID) for the covariates, 

where “effects” larger than 1.05 or lower than 0.95 were interpreted as associations. All statistical 

analyses were conducted using Stata/SE 16.0 (Stata Corp LCC, College Station, TX), with a 

significance level of alpha=0.05. 

 

 

Results 

Of the 18,636 records from PubMed, 1,976 duplicates were identified, and 15,339 were further 

http://dagitty.net/


removed after screening titles and abstracts. The full-text versions of the remaining 1,330 were 

reviewed, leading to the initial inclusion of 151 systematic reviews, which consisted of 629 meta-

analyses involving 2,305 trials. Among these 2,305 trials, 156 duplicate trials, 78 ongoing trials, and 

41 trials with inaccurate registration numbers that could not be verified on registry platforms were 

subsequently excluded. Finally, 2,030 trials were included and underwent risk of bias assessment 

and statistical analysis (Figure 1).  

 

The baseline characteristics of the 2,030 included trials are shown in Table 1. There were 1,300 

(64.04%) registered trials, compared to 730 (35.96%) trials that were not registered. Of the 1,300 

registered trials, 851 (65.46%) were deemed to have been prospectively registered. The distribution 

of our judgements (high, low, or unclear risk of bias) regarding specific bias safeguards as well as 

the overall risk for prospectively, retrospectively, and not registered trials are depicted in Figure 2.  

 

Impact of registration status 

Four confounding factors—regions, years, funding, and the first authors’ trial experience, were 

adjusted based on the DAG (Supplementary Figure S4). Our regression analysis suggested higher 

odds of low RoB (OR = 2.04, 95% CI: 1.19 to 3.50) for prospectively registered trials compared to 

those that were not registered (Figure 3). 

 

With regard to the specific safeguards, trials that had been registered prospectively showed higher 

odds of implementing adequate randomization sequence generation (OR = 1.51, 95% CI: 1.09 to 

2.07), allocation concealment (OR = 1.69, 95% CI: 1.22 to 2.36), blinding procedure for participants 

(OR = 1.47, 95% CI: 1.02 to 2.13), blinding procedure for health care providers (OR = 1.50, 95% 

CI: 1.04 to 2.16), and blinding procedure for outcome assessors (OR = 1.65, 95% CI: 1.14 to 2.38) 

compared to trials that were not registered.  

 

Our regression analysis showed higher odds of low RoB (OR = 1.32, 95% CI: 0.88 to 1.98), which 

was not statistically significant, for prospectively registered trials compared to those that were 

retrospectively registered (Figure 3). 



 

With regard to the individual safeguards, trials that had been registered prospectively showed higher 

odds of implementation of blinding procedures for participants (OR = 1.70, 95% CI: 1.26 to 2.30) 

and health care providers (OR = 1.68, 95% CI: 1.25 to 2.28) compared to trials that were registered 

retrospectively. We found a similar effect for the safeguards pertaining to adequate randomization 

sequence generation (OR = 1.02, 95% CI: 0.78 to 1.33), allocation concealment (OR = 1.14, 95% 

CI: 0.86 to 1.52), and blinding procedures for outcome assessors (OR = 1.34, 95% CI: 1.00 to 1.80) 

compared to retrospectively registered trials. 

 

Trials that were registered before the first participant enrollment showed higher odds of low RoB 

(OR = 2.06, 95% CI: 1.19 to 3.57) than trials that were not registered. With regard to retrospectively 

registered trials, no association (OR = 1.25, 95% CI: 0.89 to 1.76) was observed for overall and 

individual risk of bias (Figure 3). 

 

 

Discussion 

In this study, we used a large-scale empirical dataset to compare the risk of bias between 

prospectively registered, retrospectively registered, and not registered trials. Prospective registration, 

when compared to trials that had no registration, was associated with a lower overall risk of bias as 

well as individual safeguards against bias pertaining to adequate randomization sequence generation, 

allocation concealment, and blinding of outcome assessors. In contrast, retrospective registration 

was less likely to implement blinding of participants, healthcare providers, and outcome assessors. 

There was a trend that prospective registration was associated with a higher likelihood of lower risk 

of bias than retrospectively registered trials.  

 

Our current findings are different in some aspects from those of previous studies. In the study by 

Tan et al., prospectively registered trials had similar risk of bias across four out of six items 

compared to retrospective registration, but this study was based on relatively narrow empirical data 



in 2017 [34]. Conversely, Dechartres et al. suggested that not registered trials or retrospectively 

registered trials may contribute to inflated or larger effect estimates, and that trial registration status 

may represent another form of meta-bias [35]. In our study, evidence of prospective registration 

(compared to non-registration) was associated with a lower risk of bias. This may be due to the fact 

that trials registered prospectively tend to have better reporting than those not registered ones — in 

our dataset, there was a large proportion (85.21%) of non-registered trials with missing 

methodological information (i.e., no information), and thus were more likely to be judged to have 

high/unclear risk of bias. It is also possible that the principal authors of retrospective/not registered 

trials may have limited experience in trial design and implementation, potentially leading to a higher 

risk of bias [36]. Plausibly, both high risk of bias and retrospectively/not registered could be features 

of poorly designed RCTs due to the limited experience of trial initiators. 

 

Implications for future practice 

It has been 20 years since the ICMJE recommended that journals should only publish trials if they 

are listed on a public registry. Although prospective registration has increased rapidly, retrospective 

registration remains widespread. This is not unexpected; there are many diverse reasons  why 

retrospective registration still occurs , one for instance, delay arising frommiscommunication 

between trialists and ethics/administrative staff [37]. Given that more RCTs have been published 

recently, we advocate that trialists should be fully aware of the policies of RCTs, draft detailed 

protocols, and more importantly, proactively prepare submissions of trial protocols to public 

registries. In addition, in the study of Hunter et al. [38], 74% of retrospective registrations were 

linked to non-academic issues, which could be addressed by expediting ethics, administrative, and 

registry services. Due to a potential lack of awareness amongst researchers about registering trials 

prospectively [37], there is an urgent need to further promote the importance of prospective 

registration in driving forward better reporting for harms.  

 

Strengths and limitations  

Our study is based on what we consider to be the largest empirical databank of adverse events, 

ensuring sufficient breadth and representativeness. The data collection process was closely 



supervised, including triple-checking to reduce human errors. In data analysis, we utilized the DAG 

plot to identify potential confounders when assessing the association between registration status and 

risk of bias. These steps are designed to enhance the reliability of the findings of the current study. 

  

However, several limitations should be highlighted. First, in our study, we only considered the first 

four safeguards of the RoB checklist, whilst the remaining safeguards  (e.g., selective reporting) 

were not considered. This would have some impact on the ranking of the overall risk of bias. 

However, those safeguards were more likely to be influenced by subjective judgment, and thus were 

prone to measurement error. Second, we acknowledge that incomplete reporting on specific bias 

safeguards  (such as sequence generation) had to be classified as ‘No Information’ during our 

assessment, thereby hindering a complete assessment of all relevant aspects of bias. Third, the 

findings of this study stem from systematic reviews of medication-related harms; it is possible that 

these may differ from the findings from medication-related benefits or other non-pharmaceutical 

interventions (e.g., surgery and education). Therefore, a further investigation of the relationship 

between prospective registration and risk of bias is warranted for systematic reviews of other types 

of interventions. 

 

Conclusions 

The empirical evidence from this study suggested that prospectively registered trials may serve as 

an indicator of lower overall bias in RCTs, especially in performance bias and measurement bias. 

Conversely, systematic reviewers should proceed more cautiously if their evidence synthesis is 

largely based on non-registered or retrospectively registered trials that are potentially more prone to 

methodological weaknesses. Whenever possible, prospective registration should always be the 

primary consideration for the incoming trials. 
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Figure 1. Flowchart for screening eligible randomized controlled trials.  

 

 



Table 1. Baseline information of clinical trials included in systematic reviews. 

Basic characteristics 
Total trials  Registered trials  Not registered trials  

n=2030 n=1300 n=730 

Publication year, number (%) 

< 2004 417 (20.54) 10 (0.77) 407 (55.75) 

2005 to 2010 503 (24.78) 291 (22.38) 212 (29.04) 

>2011 1110 (54.68) 999 (76.85) 109 (14.93) 

Trial participants, number (%) 

<100 participants 445 (21.92) 201 (15.46) 244 (33.42) 

100-300 participants 711 (35.02) 429 (33.00) 282 (38.63) 

>300 participants 874 (43.05) 670 (51.54) 204 (27.95) 

Geographic region, number (%) 

Multiple regions 904 (44.53) 762 (58.62) 142 (19.45) 

Northern America/Europe 552 (27.19) 342 (26.31) 210 (28.77) 

Asia/Africa/Australia/Southern America 212 (10.44) 149 (11.46) 63 (8.63) 

No information 362 (17.83) 47 (3.62) 315 (43.15) 

Funding, number (%) 

Industry 1578 (77.73) 1131 (87.00) 447 (61.23) 

Academic 242 (11.92) 131 (10.08) 111 (15.21) 

No funding or missing 210 (10.34) 38 (2.92) 172 (23.56) 

Age, number (%) * 

Children  93 (4.58) 36 (2.77) 57 (7.81) 

Adults  1245 (61.33) 806 (62.00) 439 (60.14) 

Seniors 594 (29.26) 412 (31.69) 182 (24.93) 

Household 1 (0.05) - 1 (0.14) 

No information 97 (4.78) 46 (3.54) 51 (6.99) 

Number of publications (quartiles), number (%) 

Q1 504 (24.83) 246 (18.92) 258 (35.34) 

Q2 501 (24.68) 321 (24.69) 180 (24.66) 

Q3 505 (24.88) 356 (27.38) 149 (20.41) 

Q4 500 (24.63) 372 (28.62) 128 (17.53) 

No information 20 (0.99) 5 (0.38) 15 (2.05) 

*Note: Population age was defined following WHO in 2013; children are defined as under 18 years of age, adults as 

between 18 and 59 years of age, and seniors as 60 and over; 

 

  



Figure 2. Summary of risk of bias in prospectively, retrospectively, and not registered clinical 

trials.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

Figure 3. Forest plot depicting the odds of implementation of risk of bias or of low RoB by category 

of registration status. 

 

Note: Prospective registration was defined as registration occurring before or within 30 days of the first participant’s 

enrolment. 


