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Abstract 

 

Assessment of risk of bias in the included randomized controlled trials (RCTs) has 

become an essential step in systematic reviews, which informs the decision of whether 

to rate down certainty of evidence due to risk of bias applying the Grading of 

Recommendations, Assessment, Development, and Evaluation (GRADE) approach. Many 

instruments exist for rating risk of bias in RCTs; however, even those most commonly 

used that developed by the Cochrane group, suffer from limitations. In particular, the 

revised Cochrane instrument, while reflecting methodological advances, sacrificed 

simplicity and practicability. 

 

The objective of this thesis is to use rigorous methodology to develop a simple-

structured RCT risk of bias instrument that is easy for systematic review authors to use. 

The thesis begins with a chapter introducing the background and the structure of the 

thesis. The thesis subsequently describes a systematic survey of existing RCT risk of bias 

instruments for their included items, through which we collected potential candidate 

items for the new instrument. We then present a summary of empirical evidence 

investigating how the possible risk of bias issues influence the estimates of intervention 

effects in RCTs, which assisted with the item selection for the new instrument. Then, this 

thesis describes the detailed process for instrument development and providing the new 

instrument. This thesis ends with a chapter summarizing key findings, discussing 

strengths and limitations, and exploring directions for future research. 
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Chapter 1: Introduction to The Thesis 
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Study limitations in randomized controlled trials (RCTs) could result in bias (1). 

Assessment of risk of bias in the included RCTs has become an essential step in 

systematic reviews, which informs the decision of whether to rate down certainty of 

evidence due to risk of bias applying the Grading of Recommendations, Assessment, 

Development, and Evaluation (GRADE) approach (2, 3). Many instruments exist for rating 

risk of bias in RCTs (4); however, even those developed by the Cochrane group and most 

commonly used (5, 6) suffer from limitations. In particular, the revised Cochrane 

instrument (6), while reflecting advances in risk of bias methodology, sacrificed 

simplicity and practicability (7-9). 

 

The objective of this thesis is to use rigorous methodology to develop an instrument for 

rating risk of bias in RCTs that is easy for use by systematic review authors. 

 

Chapter 2 of the thesis is a systematic survey of instruments addressing risk of bias in 

RCTs that published from 2010 to October 2021. We extracted the items included in 

these instruments. After excluding the items that two reviewers agreed clearly did not 

address risk of bias, for the remaining items, we conducted a survey of 13 experts in risk 

of bias methodology and evidence-based medicine. Through this survey, we classified 

the items into three categories: items that most of the 13 experts thought address risk of 

bias; items that most thought address other issues (applicability, imprecision, reporting 

quality or others) rather than risk of bias; and items that experts had major 

disagreement about whether or not they address risk of bias. This chapter provided the 

candidate items for the new instrument: panelists sequentially discussed items in the 

three categories (as part of chapter 4). The item classification results informed the 

extent to which the items meet one of the six criteria for our item selection for the new 

instrument “item addressing clearly risk of bias issue rather than others” (as part of 

chapter 4). 
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Chapter 3 is a systematic survey of meta-epidemiological studies evaluating impact of 

possible risk of bias items on estimates of intervention effects in RCTs. This study 

followed advanced systematic review methodology. Incorporating both the GRADE 

approach (2) and the Instrument to assess the Credibility of Effect Modification Analyses 

(ICEMAN) (10), we developed an approach to rating certainty of inference from meta-

epidemiological studies. We presented a summary of findings table including inferences 

regarding the impact of all possible risk of bias items on the estimates of effects and our 

certainty in the inferences. The results informed the extent to which the items meet one 

of the item selection criteria for the new instrument “empirical evidence supports item 

influence on effect estimates” (as part of chapter 4). 

 

Chapter 4 describes the development of the new instrument, named Risk of Bias 

Instrument for Use in Systematic Reviews - for Randomized Controlled Trials (ROBUST-

RCT). We followed a rigorous instrument development process: we assembled a panel of 

experts with diverse backgrounds; established ground rules for the new instrument; 

conducted preparatory studies to support the instrument development (as described in 

chapter 2 and 3); held panel meetings to reach consensus on item selection and 

instructions; drafted the instrument document and user manual; and conducted pre-

testing with the systematic reviewers and based on the feedback improved the 

instrument. 

 

Chapter 4 presents the final version of the ROBUST-RCT and the manual. ROBUST-RCT 

includes six core items each of which includes two steps: first evaluating what happened 

in individual trials and second judging the associated risk of bias. ROBUST-RCT provides 

eight optional items that may be relevant in specific cases. We believe that ROBUST-RCT 

is simple and easy to use by systematic reviewers with different levels of expertise. 
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Chapter 5 summarizes main findings of the thesis, discusses its strengths and limitations, 

and explores directions for future studies. 
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Chapter 2: Instruments assessing risk of bias of randomized trials 

frequently included items that are not addressing risk of bias issues 

 

Cited as and reprinted from: Wang Y, Ghadimi M, Wang Q, Hou L, Zeraatkar D, Iqbal A, et 

al. Instruments assessing risk of bias of randomized trials frequently included items that 

are not addressing risk of bias issues. J Clin Epidemiol. 2022 Dec;152:218-225. 
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Chapter 3: Compelling evidence from meta-epidemiological studies 

demonstrates overestimation of effects in randomized trials that fail to 

optimize randomization and blind patients and outcome assessors 

 

Cited as and reprinted from: Wang Y, Parpia S, Couban R, Wang Q, Armijo-Olivo S, Bassler 

D, et al. Compelling evidence from meta-epidemiological studies demonstrates 

overestimation of effects in randomized trials that fail to optimize randomization and blind 

patients and outcome assessors. J Clin Epidemiol. 2024 Jan;165:111211. 
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Appendix 1. PRISMA Checklist 
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Appendix 2. Protocol 
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Appendix 8 Forest plots 

 

Figure 1 Random sequence generation - High versus low risk of bias 

 

 

 

Figure 2 Random sequence generation – High/unclear versus low risk of bias 
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Figure 3 Random sequence generation – High versus low/unclear risk of bias 

 

 

 

Figure 4 Random sequence generation – Unclear versus low risk of bias 
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Figure 5 Allocation concealment - High versus low risk of bias 

 

 

 

Figure 6 Allocation concealment - High/unclear versus low risk of bias 
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Figure 7 Allocation concealment - High versus low/unclear risk of bias 

 

 

 

Figure 8 Allocation concealment - Unclear versus low risk of bias 
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Figure 9 Baseline imbalance - Imbalance/unclear versus balance 

 

 

 

Figure 10 Blinding of healthcare providers - High/unclear versus low risk of bias 
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Figure 11 Blinding of patients - High/unclear versus low risk of bias 

 

 

 

Figure 12 Blinding of outcome assessors - High versus low risk of bias 
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Figure 13 Blinding of outcome assessors - High/unclear versus low risk of bias 

 

 

 

Figure 14 Blinding of outcome assessors - High versus low risk of bias (binary outcomes) 

for within-trial comparisons – Subjective outcomes 
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Figure 15 Blinding of outcome assessors - High versus low risk of bias (time-to-event 

outcomes) for within-trial comparisons 

 

 

 

Figure 16 Double blinding – High versus low risk of bias - Any outcomes 
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Figure 17 Double blinding - High/unclear versus low risk of bias – Any outcome 

 

 

 

Figure 18 Double blinding - High versus low/unclear risk of bias 
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Figure 19 Compliance with intervention - Unacceptable/unclear non-compliance versus 

no/acceptable non-compliance 

 

 

 

Figure 20 Missing outcome data - High versus low risk of bias 
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Figure 21 Missing outcome data - High/unclear versus low risk of bias 

 

 

 

Figure 22 Selective reporting - High versus low risk of bias 
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Figure 23 Selective reporting - High/unclear versus low risk of bias 

 

 

 

Figure 24 Intention-to-treat analysis - Not ITT/unclear versus ITT 
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Chapter 4: Development of the Risk of Bias Instrument for Use in 

Systematic Reviews - for Randomized Controlled Trials (ROBUST-RCT) 

 

This chapter is under review at The British Medical Journal. 
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Appendix 1. Protocol 
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Appendix 4 (PDF) and 5 (Word). ROBUST-RCT 



Ph.D. Thesis – Ying Wang; McMaster University – Health Research Methodology 

 

180 

 

 



Ph.D. Thesis – Ying Wang; McMaster University – Health Research Methodology 

 

181 

 

 



Ph.D. Thesis – Ying Wang; McMaster University – Health Research Methodology 

 

182 

 

 



Ph.D. Thesis – Ying Wang; McMaster University – Health Research Methodology 

 

183 

 

 



Ph.D. Thesis – Ying Wang; McMaster University – Health Research Methodology 

 

184 

 

 



Ph.D. Thesis – Ying Wang; McMaster University – Health Research Methodology 

 

185 

 

 



Ph.D. Thesis – Ying Wang; McMaster University – Health Research Methodology 

 

186 

 

 



Ph.D. Thesis – Ying Wang; McMaster University – Health Research Methodology 

 

187 

 

 



Ph.D. Thesis – Ying Wang; McMaster University – Health Research Methodology 

 

188 

 

 



Ph.D. Thesis – Ying Wang; McMaster University – Health Research Methodology 

 

189 

 

 



Ph.D. Thesis – Ying Wang; McMaster University – Health Research Methodology 

 

190 

 

Appendix 6. ROBUST-RCT Excel (see the manuscript for details) 

Appendix 7. Manual 
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Chapter 5: Discussion and Conclusion to This Thesis 
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We came up with the idea for this thesis while considering that recent risk of bias 

assessment instruments had paid much attention to the methodological advances while 

sacrificing practicability and user-friendliness (1-3). This thesis aimed to develop an 

instrument for rating risk of bias in RCTs that aligns with the as-simple-as possible 

principle of evidence-based medicine (1). Target users of the instrument are systematic 

reviewers. 

 

This thesis describes the detailed process for the instrument development. This thesis 

also includes the preparatory work that we conducted to support the instrument 

development. This chapter summarizes main findings, discusses strengths and 

limitations, and explores directions for future studies. 

 

Main Findings 

This thesis began with a systematic survey of existing RCT risk of bias instruments 

published from 2010 to October 2021 that documented their included items (chapter 2). 

The 17 eligible instruments included over a hundred unique items. More than half of the 

items were deemed by our expert panel as addressing other issues (e.g., applicability, 

imprecision, reporting quality) rather than risk of bias. Except for the revised Cochrane 

instrument (Cochrane RoB 2) (4), all other instruments included items not addressing 

risk of bias. This indicated that these instruments may not be appropriate for use to 

address risk of bias in systematic reviews. Since risk of bias is one of the five reasons for 

rating down the certainty of evidence, this is especially so when review teams apply the 

GRADE approach (5, 6). 

 

The main objective of chapter 2 is to generate a candidate item list for the new 

instrument. Through an item classification survey of the panelists, we identified the 

items that are clearly related to risk of bias (majority agreed addressing risk of bias, 
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category 1), items that are clearly not related to risk of bias (majority agreed not 

addressing risk of bias, category 2), and items that panelists disagreed on whether they 

address risk of bias (category 3). 

 

Another preparatory work is a systematic survey of meta-epidemiological studies 

evaluating whether and how the possible risk of bias items (items in category 1 and 3) 

influence estimates of intervention effects in RCTs (chapter 3). We used meta-analytic 

approach to combine the ratios of odds ratios from the meta-epidemiological studies 

and applied the GRADE approach (5) and ICEMAN instrument (7) to assess the certainty 

of inferences. This work demonstrated the importance of random sequence generation 

and allocation concealment, as well as the importance of patients blinding for patient-

reported outcomes and outcome assessors’ blinding for subjective outcomes. If 

investigators fail to ensure these methodological safeguards, trials possibly overestimate 

the effects of interventions. Empirical evidence for other items remains limited. This 

study provided empirical evidence that supported the item selection for the new 

instrument. 

 

Chapter 4 describes the step-by-step process for developing the new instrument, named 

ROBUST-RCT. Chapter 4 presents the final version of the ROBUST-RCT and the user 

manual. ROBUST-RCT includes six core items each of which includes two steps: first 

evaluating what happened in individual trials and second judging the associated risk of 

bias. ROBUST-RCT provides eight optional items that may be relevant in specific cases. 

ROBUST-RCT achieved its goal of both methodological rigor and simplicity and user-

friendliness. 

 

Strengths and Limitations 

This thesis followed a rigorous instrument development process. It started with 
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assembling a panel of experts with diverse backgrounds and setting up ground rules for 

instrument development. To support item selection for the new instrument, we 

conducted two preliminary works. Innovation of the survey of existing instruments 

(chapter 2) is that we conducted an item classification survey. Through this work, we 

classified the items into three categories, which became the starting point for selecting 

items for the new instrument.  

 

Another preliminary work is a survey of meta-epidemiological studies (chapter 3). 

Strengths of this survey include the restriction to only meta-epidemiological studies that 

preserved the clustering design (see details in chapter 3). These restrictions facilitated 

the separate consideration of studies based on between-trial comparisons and within-

trial comparisons and thus facilitated assessment of certainty of evidence and increased 

credibility of the results. 

 

During the panel process of the instrument development (chapter 4), we used six criteria 

that helped deciding inclusion or exclusion of the candidate items. Through these 

criteria, we considered the items in a clear and comprehensive way. The criteria ensured 

the content validity of the instrument and also assured the core items to be easily 

assessed by junior systematic reviewers. The extensive pre-testing with both junior 

systematic reviewers and review experts further ensured the user-friendly and 

applicability of the ROBUST-RCT. 

 

Individual chapters present the detailed limitations. Except for the limitations described 

in the individual chapters, this thesis does not address how to summarize the overall risk 

of bias in individual trials and how to use the ROBUST-RCT to inform whether to rate 

down the GRADE certainty of evidence due to risk of bias. The objective of assessing risk 

of bias in individual trials is to inform the decision of whether to rate down the certainty 
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of evidence for risk of bias. To make this decision, review teams do not necessarily need 

to summarize the overall risk of bias. Indeed, considering the whole picture of the risk of 

bias for each item in each trial can provide more complete inference. Even if reviewers 

do need the overall risk of bias results (e.g., they want to conduct subgroup analysis 

based on the overall risk of bias), summarization of overall risk of bias involves review 

team’s judgement regarding the threshold, that is, failure to how many or which items 

would lead the reviewers to judge as overall high risk of bias. 

 

In addition, our selection of optional items did not consider their relative importance 

and if review teams include optional items the relative importance between the optional 

items and the core items. For optional items, although we provided considerations 

regarding inclusion of these items in systematic reviews, we did not offer detailed 

instructions. 

 

Directions for Future Research 

We will address the issues of summarizing overall risk of bias and using the ROBUST-RCT 

to inform whether to rate down the certainty of evidence for risk of bias in a 

methodological guidance illustrating the essentials of the GRADE approach (i.e., Core 

GRADE). 

 

Reliability and validity are two important properties of an instrument. We will assess the 

inter-rater reliability of the ROBUST-RCT in future. However, since there is no gold 

standard for rating risk of bias in RCTs (otherwise we would not develop the ROBUST-

RCT), evaluating criterion validity of the ROBUST-RCT is impossible. If necessary, we will 

update the ROBUST-RCT based on the study results and user feedback. For optional 

items, if systematic reviewers find it difficult to construct instructions, we may offer 

detailed suggestions in future. 
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The current ROBUST-RCT addresses only risk of bias assessment of individually 

randomized parallel-group trials. Extensions of the ROBUST-RCT to other trial designs, 

e.g., cluster trials and crossover trials, is needed. Chapter 2 has identified the items 

specifically for cluster and crossover trials that included in existing instruments, which 

may serve as a starting point for item selection for extensions of ROBUST-RCT. The 

extension will follow the same motivation of maximizing simplicity while keeping 

methodological rigor. It may result in additional optional items addressing other trial 

designs and/or revision of the wording for existing items so that people could apply 

these items to other trial designs. This work will ensure the systematic reviews including 

any types of RCTs can successfully use the ROBUST-RCT. 

 

To promote the application of the instrument, we plan to generate a website that 

presents the ROBUST-RCT and its extensions. It will also include any updates about the 

instrument in future. We will present the ROBUST-RCT in academic conferences. We may 

translate the ROBUST-RCT to other languages. 

 

Moreover, we may conduct methodological studies about risk of bias. We developed 

instructions for assessing the allocation concealment status as probably yes or probably 

no when trialists do not report the concealment method clearly. A validation of our 

instructions by contacting trial authors for verification may be necessary. 

 

 

 

 

 

 



Ph.D. Thesis – Ying Wang; McMaster University – Health Research Methodology 

 

233 

 

References 

1. Kuehn R, Wang Y, Guyatt G. Overly complex methods may impair pragmatic use of 

core evidence-based medicine principles. BMJ Evid Based Med. 2024. 

2. Martimbianco ALC, Sa KMM, Santos GM, Santos EM, Pacheco RL, Riera R. Most 

Cochrane systematic reviews and protocols did not adhere to the Cochrane's risk of bias 

2.0 tool. Rev Assoc Med Bras (1992). 2023;69(3):469-72. 

3. Minozzi S, Cinquini M, Gianola S, Gonzalez-Lorenzo M, Banzi R. The revised Cochrane 

risk of bias tool for randomized trials (RoB 2) showed low interrater reliability and 

challenges in its application. J Clin Epidemiol. 2020;126:37-44. 

4. Sterne JAC, Savovic J, Page MJ, Elbers RG, Blencowe NS, Boutron I, et al. RoB 2: a 

revised tool for assessing risk of bias in randomised trials. BMJ. 2019;366:l4898. 

5. Guyatt G, Oxman AD, Akl EA, Kunz R, Vist G, Brozek J, et al. GRADE guidelines: 1. 

Introduction-GRADE evidence profiles and summary of findings tables. J Clin Epidemiol. 

2011;64(4):383-94. 

6. Guyatt GH, Oxman AD, Vist G, Kunz R, Brozek J, Alonso-Coello P, et al. GRADE 

guidelines: 4. Rating the quality of evidence--study limitations (risk of bias). J Clin 

Epidemiol. 2011;64(4):407-15. 

7. Schandelmaier S, Briel M, Varadhan R, Schmid CH, Devasenapathy N, Hayward RA, et 

al. Development of the Instrument to assess the Credibility of Effect Modification Analyses 

(ICEMAN) in randomized controlled trials and meta-analyses. CMAJ. 2020;192(32):E901-

E6. 

 


