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Risk of Bias 

 Methodological characteristics of a study that 
can introduce a systematic error in the 
magnitude or direction of the results (Higgins 
and Green 2008).   



Underlying principles 

 The objective of pharmacological, toxicological , chemical studies 
is to determine if an intervention or an exposure is causally related 
to an outcome.   
 

 Risk of bias criteria are applicable to all these types of studies as 
they are adherent to the same scientific principles.  

  
 As the starting assumption is that there is no effect on outcome, 

the methodological criteria are independent of the “expected” or 
“desired” direction of the effect.  In the case of drug efficacy, this 
may be a “positive” outcome (to observe an effect or larger effect 
size), in the case of drug harm this may be a “negative” outcome 
(to observe no effect or smaller effect size). 
 

 The methodological issues are independent of the data stream 
(animal or human).   



Industry sponsored drug studies are more likely to 
have favorable efficacy results than non-industry 
sponsored studies 

Lundh A, Sismondo S, Lexchin J, Busuioc OA, Bero L. Industry sponsorship and research outcome. Cochrane Database of 
Systematic Reviews 2012, Issue 12. Art. No.: MR000033. DOI: 10.1002/14651858.MR000033.pub2. 



Industry sponsored drug studies are more likely to 
have favorable harm results than non-industry 
sponsored studies 

Lundh A, Sismondo S, Lexchin J, Busuioc OA, Bero L. Industry sponsorship and research outcome. Cochrane Database of 
Systematic Reviews 2012, Issue 12. Art. No.: MR000033. DOI: 10.1002/14651858.MR000033.pub2. 



Risk of Bias 

 In human clinical trials of drug efficacy, studies 
with a high risk of bias, such as those lacking 
randomization, allocation concealment, or 
blinding of participants, personnel and outcome 
assessors produce larger treatment effect sizes, 
thus falsely inflating the efficacy of the drugs, 
compared to studies that have these design 
features (Schulz et al. 1995; Schulz and Grimes 
2002a, b).   

 Biased human studies assessing the harms of 
drugs are less likely to report statistically 
significant adverse effects (Nieto et al. 2007).  
 



Risk of Bias is not……. 

 An assessment of how the study is conducted 
(eg, in compliance with human subjects 
guidelines)  

 As assessment of how the study is reported (eg, 
study population described, abstract is 
structured).  

 The same as imprecision.  While bias refers to 
systematic error, imprecision refers to random 
error.  Although smaller studies are less precise, 
they may not be more biased. 
 



Types of bias 



Selection bias 

 Introduces systematic differences between 
baseline characteristics in comparison groups 

 
 Minimized by randomization and 

concealment of allocation   
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 Empirical evidence of bias 

 Analysis of 250 randomized controlled trials 
 Inadequate concealment of allocation 
 Estimates of effect 30-41% greater than studies 

with adequate concealment 
 Inadequate generation of allocation schedule 
 Small change in estimate of treatment effect 
 

 Schulz KF, Chalmers I, Hayes RJ, Altman DG. 1995. Empirical evidence of bias. Dimensions of 
methodological quality associated with estimates of treatment effects in controlled trials. JAMA 
273(5): 408-412. 



Effect sizes of studies with adequate 
concealment of allocation differ from those 
with inadequate concealment of allocation 



Performance / detection biases 

 Performance -  systematic difference between 
treatment and control groups with regard to care or 
other exposure besides the intervention / treatment.  
 

 Blinding of investigators can protect against 
performance bias 
 

 Detection - systematic differences between treatment 
and control groups with regards to how outcomes are 
assessed. 
 

 Blinding of outcome assessors is a primary way of 
reducing detection bias.   
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 Empirical evidence of bias 

 No double blinding 
 Analysis of 250 randomized controlled trials 
 Estimates of effect 17% greater than studies with 

double blinding 
 Schulz KF, Chalmers I, Hayes RJ, Altman DG. 1995. Empirical evidence of bias. Dimensions of 

methodological quality associated with estimates of treatment effects in controlled trials. JAMA 273(5): 
408-412. 

 



Who is blinded and how? 

 “double blinding” not informative. 
 Need to know: 
 Participants 
 Investigators 
 Data collectors 
 Outcome assessors 
 Data analysts 

 Ways to achieve blinding in animal studies – 
having coded data analyzed by a statistician 
who is independent of the study team 



Attrition / Exclusion bias 

 The systematic difference between 
treatment and control groups in the number 
of subjects that were included in and 
completed the study.   

 Data on whether all subjects in the study are 
accounted for and use of intention-to-treat 
analysis can reduce exclusion bias. 
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Attrition / exclusion bias 

 Participants lost to follow-up may differ from 
those who complete the study 

 Data could be differentially excluded from 
comparison groups  

 Intention to treat analysis 
 Means analyzing all patients in the group to which 

they were assigned, regardless of whether they 
actually received the treatment / exposure and 
how else they may differ 
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 Methods specific to the research question 

 For drug studies, choice of dose / duration 
of treatment  

 Also applies to toxicology studies 
 “Intensity of  intervention” applies to all 

studies 
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  Gaming the dose 

 High dose of drug A compared to low dose of 
drug B to “demonstrate” efficacy of A 

 
 Low dose of drug A compared to high dose of 

drug B to “demonstrate” drug A has less 
adverse effects 
 

 = favorable outcome for drug A 



Gaming the dose 

Rochon et al., A study of manufacturer-supported trials of nonsteroidal Anti-inflammatory 
Drugs in the Treatment of Arthritis.  Arch Intern Med. 1994; 154: 157-163 



How did they get this result for efficacy? 
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Selective reporting bias 

 The selective reporting of entire studies 
(publication bias) or outcomes from studies 
(selective outcome reporting). 

 Publication bias minimized by registries, 
published protocols. 

 Selective reporting minimized by full access 
to study protocols, results, reports 
 



Selective reporting of drug studies 

Identify and characterize discrepancies, if any, 
between clinical trial data submitted to the Food 
and Drug Administration (FDA) in approved new 
drug applications (NDAs) and the corresponding 
published trials  

 
 Rising, K, Bacchetti, P, and Bero, L. Reporting bias in drug trials submitted to 

the Food and Drug Administration . PLoS Medicine, 2008; 5 (11) e217 
doi:10.1371/journal.pmed.0050217. 

 Hart, B, Lundh, A and Bero, L. The effect of reporting bias on meta-analyses of 
drug trials: Re-analysis of meta-analyses.  BMJ, 2011;343:d7202. doi: 
10.1136/bmj.d7202 

 



Some trials are not published 

Of 164 Trials submitted in NDAs… 

PUBLISHED within 5 years: 78% (128) 

OF 33  NDAs… 

All trials published: 52% (17) 

NO trials published: 2 (with a total of 5 trials) 



Predictors of Publication 

Trial Characteristic OR (95% CI) p value 

Favorable primary 
outcome (s) 

4.77 (1.33-17.06) 0.018 

Active control (vs. 
placebo only) 

3.37 (1.02-11.22) 0.047 



Papers include more outcomes 
favoring the test drug 

 179 primary outcomes reported in NDAs 
 41 were omitted from the papers 

 Papers had 138 outcomes also reported in 
NDAs (77%) 
 PLUS 15 additional outcomes that favored the 

test drug 
 PLUS 2 other neutral outcomes 



Statistical Significance of Reported 
Outcomes Changed 

 43 outcomes in the NDAs did not favor the 
test drug 
 20 were not included in the papers 
 5 changed statistical significance, with 4 changing 

to favor test drug in the paper 
 

 * changes in outcomes occurred in 36 (22%) 
trials found in 19 (58%) NDAs 



Quality “scores” 

28 

How do we measure “quality”? 
 
25 scales, 9 checklists and more……….. 
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Several problems with all measures 

 Mix reporting and actual study design  
 No empirical evidence for weighting the scores 
 Reliability and validity not measured 
 Does not typically assess:  the question asked, how 

the study is conducted, whether the study is 
reported (publication bias, selective outcome 
reporting)    
 

 What does a quality “score” mean? How can you 
use them? 

30 
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Juni P, Witschi A, Bloch R, Egger M. 1999. The hazards of scoring the quality of clinical trials for meta-analysis. JAMA 282(11): 1054-
1060. 

 



Cochrane Criteria for RCTs 

 Sequence generation 
 Allocation concealment 
 Blinding of participants, personnel and 

outcome assessors 
 Incomplete outcome data 
 Selective outcome reporting 
 Other threats to validity 
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How to use Risk of Bias 
Assessment 
In meta-analysis 

Exclude studies 
Report descriptively 
Sensitivity analyses 
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Odds Ratio 
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Odds Ratio 

1.0 

Favors treatment Favors control 

All studies 

HIGH RoB studies ONLY 

REMOVE LOW RoB studies 

Sensitivity analysis 
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Reporting 

Reporting of clinical research has 
improved as risk of bias assessments for 
systematic reviews and other purposes 
became more prevalent and standards for 
reporting were implemented by journals. 
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Improvements in Reporting 

 50 evaluations of reporting in CONSORT-
endorsing vs. Non-CONSORT endorsing journals 

 25 of 27 reporting elements improved post-
CONSORT 

 Largest improvements: 
 Allocation concealment (RR 1.81, CI 1.25,2.61) 
 Sequence generation (RR 1.59, CI 1.38,1.84) 
 Any mention of blinding (RR 1.23, CI 0.98, 1.55) 
 Sample size (1.61, CI 1.13,2.29) 
 



Improvements in 
Reporting 



Bottom line on bias 

 Assess specific risk of bias criteria relevant to 
the study design 

 Don’t confuse risk of bias with reporting 
criteria, imprecision 

 Don’t let a lack of reporting be an excuse for 
not assessing risk of bias 

 Don’t use “quality” or “methodology” scores 
 Decide a  priori what to do with the risk of 

bias assessment: exclude studies, report 
descriptively, sensitivity analysis 
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