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introduction
JBI is a global organization promoting and supporting evidence-based decisions that improve health and the delivery of health services. Working with universities, hospitals, health facilities and non-government organizations across the globe, JBI responds to real-world healthcare challenges by providing practical, reliable and context-relevant evidence. Through a unique range of tools, software, education and training, JBI enables clinicians, policymakers, educators and researchers to access, appraise and apply the best available evidence, supporting better decisions and improved health outcomes worldwide.
JBI Systematic Reviews 
The core of evidence synthesis is the systematic review of literature of a particular intervention, condition or issue. The systematic review is essentially an analysis of the available evidence and a judgment of the effectiveness or otherwise of a practice, involving a series of complex steps. JBI takes a particular view on what counts as evidence and the methods utilized to synthesize those different types of evidence. In line with this broader view of evidence, JBI has developed theories, methodologies and rigorous processes for the critical appraisal and synthesis of these diverse forms of evidence in order to aid in clinical decision-making in health care. Guidance now exists for conducting reviews of effectiveness research, qualitative research, etiology/risk, economic evaluations, textual evidence, mixed methods, umbrella reviews and scoping reviews. Further information regarding JBI systematic reviews can be found in the JBI Manual for Evidence Synthesis.
JBI Critical Appraisal Tools 
All systematic reviews incorporate a process of critique or appraisal of the research evidence. The purpose of this appraisal for quantitative evidence is to determine the extent to which a study has addressed the possibility of bias in its design, conduct and analysis. All papers selected for inclusion in the systematic review (that is – those that meet the inclusion criteria described in the protocol) need to be subjected to rigorous appraisal by two critical appraisers. The results of this appraisal can then be used to inform synthesis and interpretation of the results of the study. Although designed for use in systematic reviews, JBI critical appraisal tools can also be used when creating Critically Appraised Topics, in journal clubs and as an educational tool.
How were these tools developed?
JBI critical appraisal tools have been developed by JBI and collaborators. The particular iteration of this tool was developed by the JBI Effectiveness Methodology Group following oversight by the JBI Scientific Committee.
Like the previous versions of these tools, this version presents signaling questions to prompt reviewers to identify whether certain safeguards of bias have been met, in the primary literature under review. However, unlike previous iterations of this tool, this version has separated questions into whether they provide an answer relating to internal, external or statistical conclusion validity. For questions related to internal validity, these have been further separated to identify what domain of bias they are referring. Finally, this tool has also been structured to facilitate judgments related to bias at different levels (e.g. bias at the outcome level or bias at the result level) where appropriate.
These tools have been approved following extensive peer review by the JBI Scientific Committee.
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	Internal validity 
	Choice: comments/justification
	Yes
	No
	Unclear
	N/A

	[bookmark: _Hlk178582660]Bias related to selection and allocation

	1
	Were the criteria for inclusion in the sample clearly defined?
	
	☐	☐	☐	☐
	2
	Were objective, standard criteria used for measurement of the condition?
	
	Yes
	No
	Unclear
	N/A

	
	Outcome 1
	
	☐	☐	☐	☐
	
	Outcome 2	
	☐	☐	☐	☐
	
	Outcome 3
	
	☐	☐	☐	☐
	
	Outcome 4	
	☐	☐	☐	☐
	
	Outcome 5
	
	☐	☐	☐	☐
	
	Outcome 6	
	☐	☐	☐	☐
	
	Outcome 7
	
	☐	☐	☐	☐
	Bias related to classification of the exposure

	3
	Was the exposure measured in a valid and reliable way?
	
	☐	☐	☐	☐
	Bias related to assessment, detection, and measurement of the outcome

	[bookmark: _Hlk180493685]4
	Were the outcomes measured in a valid and reliable way?
	
	Yes
	No
	Unclear
	N/A

	
	Outcome 1 
	
	☐	☐	☐	☐
	
	Outcome 2
	
	☐	☐	☐	☐
	
	Outcome 3
	
	☐	☐	☐	☐
	
	Outcome 4
	
	☐	☐	☐	☐
	
	Outcome 5
	
	☐	☐	☐	☐
	
	Outcome 6	
	☐	☐	☐	☐
	
	Outcome 7
	
	☐	☐	☐	☐
	Bias related to confounding factors

	5
	Were confounding factors identified?
	
	☐	☐	☐	☐
	6
	Were strategies to deal with confounding factors stated?
	
	Yes
	No
	Unclear
	N/A

	
	Outcome 1 
	
	☐	☐	☐	☐
	
	Outcome 2
	
	☐	☐	☐	☐
	
	Outcome 3
	
	☐	☐	☐	☐
	
	Outcome 4
	
	☐	☐	☐	☐
	
	Outcome 5
	
	☐	☐	☐	☐
	
	Outcome 6	
	☐	☐	☐	☐
	
	Outcome 7
	
	☐	☐	☐	☐
	
	Statistical conclusion validity
	
	
	
	

	7
	Was appropriate statistical analysis used?
	
	

	
	Outcome 1
	
	
	Yes
	No
	Unclear
	N/A

	
	
	Result 1
	
	☐	☐	☐	☐
	
	
	Result 2
	
	☐	☐	☐	☐
	
	
	Result 3
	
	☐	☐	☐	☐
	
	Outcome 2
	
	
	Yes
	No
	Unclear
	N/A

	
	
	Result 1
	
	☐	☐	☐	☐
	
	
	Result 2
	
	☐	☐	☐	☐
	
	
	Result 3
	
	☐	☐	☐	☐
	
	Outcome 3
	
	
	Yes
	No
	Unclear
	N/A

	
	
	Result 1
	
	☐	☐	☐	☐
	
	
	Result 2
	
	☐	☐	☐	☐
	
	
	Result 3
	
	☐	☐	☐	☐
	
	Outcome 4
	
	Yes
	No
	Unclear
	N/A

	
	
	Result 1
	
	☐	☐	☐	☐
	
	
	Result 2
	
	☐	☐	☐	☐
	
	
	Result 3
	
	☐	☐	☐	☐
	
	Outcome 5
	
	Yes
	No
	Unclear
	N/A

	
	
	Result 1
	
	☐	☐	☐	☐
	
	
	Result 2
	
	☐	☐	☐	☐
	
	
	Result 3
	
	☐	☐	☐	☐
	
	Outcome 6
	
	Yes
	No
	Unclear
	N/A

	
	
	Result 1
	
	☐	☐	☐	☐
	
	
	Result 2
	
	☐	☐	☐	☐
	
	
	Result 3
	
	☐	☐	☐	☐
	
	Outcome 7
	
	Yes
	No
	Unclear
	N/A

	
	
	Result 1
	
	☐	☐	☐	☐
	
	
	Result 2
	
	☐	☐	☐	☐
	
	
	Result 3
	
	☐	☐	☐	☐
	
	Comprehensiveness of reporting
	
	
	
	

	8
	Were the study subjects and the setting described in detail?
	
	Yes
	No
	Unclear
	N/A

	
	
	
	☐	☐	☐	☐
	Overall appraisal:
	Include: ☐
	Exclude: ☐
	Seek Further Info: ☐
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question Guidance
How to use the JBI Tools for the Assessment of Risk of Bias
Each question presented in a JBI tool for the assessment of risk of bias for quantitative study designs answers a question related to certain categories of validity and domains of bias. The concept of validity is often used when referring to the soundness or rigour in which a study was conducted, and whether the results of the study are likely to be true and generalizable. At JBI we have broken this down to include three separate categories that constitute validity, these include internal validity, external validity, statistical conclusion validity. In addition, we have also included comprehensiveness of reporting. 
Questions categorised as “Internal Validity” are then further organised to specific domains of bias in which they relate. The domains of bias that are used as an indicator of internal validity include bias related to selection and allocation, bias related to administration of the intervention/exposure, bias related to assessment, detection and measurement of the outcome, bias related to participant retention, bias related to temporal precedence, bias related to classification of the exposure, bias related to confounding factors and bias related to selective reporting and/or publication bias.
For more information, please see Barker et al. 2022  

Question 1: Were the criteria for inclusion in the sample clearly defined?
Category: Internal validity
Domain: Bias related to selection and allocation
Appraisal: Study level
Reviewers should check for descriptions of the inclusion and exclusion criteria that the authors applied to determine participant eligibility into the study. These descriptions should be explicit and provide sufficient detail that is critical to the nature of the study. The inclusion and exclusion criteria should be developed prior to the recruitment of the study participants and may include aspects such as age of eligible participants, occupants per household, presence or absence of comorbidities, and other useful demographic information to determine whether potentially eligible participants from the broader population were eligible for inclusion into the study. 

Question 2: Were objective, standard criteria used for measurement of the condition?
Category: Internal validity
Domain: Bias related to selection and allocation
Appraisal: Outcome level
It is useful to determine if patients were included in the study based on a specified diagnosis or definition regarding the health condition of interest. For example, if it was a requirement that participants were only eligible if they were experiencing depression, reviewers should check to determine whether this diagnosis was through objective, standard criteria, such as from the Diagnostic and Statistical Manual of Mental Disorders, as opposed to a self-diagnosis of depression. Characteristics are another useful approach to matching groups, and studies that did not use specified diagnostic methods or definitions should provide evidence on matching by key characteristics.




Question 3: Was the exposure measured in a valid and reliable way?
Category: Internal validity
Domain: Bias related to classification of the exposure
Appraisal: Study level
Reviewers should determine that the study has provided a clear description as to how the exposure was measured and determined (ie, ascertained). For exposure determination to be valid, an appropriate determination measure should be used that is relevant to the topic under investigation. For example, an author may have performed a cross-sectional study to determine whether there are associations between exposure to burning insect repellents (eg, mosquito coils) and adverse skin reactions. It would be expected that authors first clearly identify how they defined what constituted exposure to these coils and then how this was determined in the participants. If exposure was defined as “use of 1 mosquito coil per day,” how was this determined (ie, measured)? Self-report by participants in a survey is typical and expected; however, a more valid determination measure may be used to confirm this survey response. For example, the authors can consider using more rigorous methods of confirmation, such as spot checks or collection of coil waste at set intervals, although these methods are not typical of most cross-sectional studies.
Reliability refers to the processes included in a study to check the repeatability of measurements of the exposures. These usually include intra-observer reliability and inter-observer reliability. The absence of these metrics, however, does not necessarily preclude this criterion being scored as either “unclear” or “no.” For assessment of both validity and reliability in the context of analytical cross-sectional studies, reviewers should use their judgment regarding the nature of the exposure measure, as well as the context of the research question, and provide clear description and reasoning for their judgment.

Question 4: Were the outcomes measured in a valid and reliable way?
Category: Internal validity
Domain: Bias related to assessment, detection, and measurement of the outcome
Appraisal: Outcome level
To assess validity, reviewers should read the methods section of the paper to determine whether the outcome of interest has been assessed based on appropriate (ideally, objective) criteria relevant to the nature of the topic under investigation. Consider the previous example of a cross-sectional study investigating mosquito coils and adverse skin reactions (eg, eczema). It would be considered appropriate that determination of eczema in the participants would be achieved through a trained health professional, or perhaps participants had received a formal diagnosis regarding eczema. In this example, if the outcome was assessed using such techniques, then the answer to this question is likely to be “yes.” If the presence of eczema in the participants was determined through self-report alone, the risk of overreporting or underreporting is increased, and objectivity of the outcome measure is compromised. Importantly, reviewers should determine whether any measurement tools used (where appropriate) were validated instruments, as this has a significant impact on outcome assessment validity.
It is also important to consider whether those involved in collecting data were trained or educated in the use of the instrument/s. If there was more than 1 data collector, were they similar in terms of clinical or research experience? Did they have similar levels of familiarity with the tool used to collect data, or level of responsibility in the piece of research being appraised? If not, then the response to this question may be “no.”


Question 5: Were confounding factors identified?
Category: Internal validity
Domain: Bias related to confounding factors
Appraisal: Study level
A confounder is an additional variable that is linked, or contributes to, to the occurrence of both the exposure and the outcome, and can create a misleading association between the exposure and outcome. Authors of a high-quality study will identify the potential confounders and measure them, where possible. Potential confounding factors can be identified statistically using the variance inflation factor statistic for each independent variable considered. However, this is rarely performed in research due to the need to identify all known and unknown factors that each may or may not serve as a confounder. Other strategies to identify potential confounders include listing common demographic factors (eg, age, sex) or factors known to be associated with the exposure (eg, type of work, if investigating exposure to agricultural fertilizers) and the outcome (eg, smoking status if the outcome of interest is lung cancer). These can be sourced from existing studies and reviews on the topic to better understand what confounders should be investigated. If potential confounders likely to be associated with the exposure and the outcome are not identified in the study (eg, the authors have not identified smoking as a potential confounder for the outcome of lung cancer), then reviewers should answer this question as “no.”

Question 6: Were strategies to deal with confounding factors stated?
Category: Internal validity
Domain: Bias related to confounding factors
Appraisal: Outcome level
Strategies to deal with the effects of confounding factors are often incorporated within the data analysis of analytical cross-sectional studies using statistical adjustment. As opposed to other observational study designs (eg, cohort studies or case-control studies), techniques such as matching or stratifying sampling of participants is not possible, due to the inherent differences associated with how participants are sampled in analytical cross-sectional studies. When dealing with statistical adjustment, reviewers should assess the statistical analysis used in the study. Most studies will use some form of multivariable regression analysis to account for the confounding factors measured. Reviewers should look for a broad description of the statistical methods utilized. Ideally, each factor controlled for in these adjusted analyses will be presented transparently, which will allow reviewers to determine whether all potential confounders identified have been appropriately addressed.

Question 7: Was appropriate statistical analysis used?
Category: Statistical conclusion validity
Appraisal: Result level
Inappropriate statistical analysis may cause errors of statistical inference regarding the existence and the magnitude of the association. Low statistical power and the violation of the assumptions of statistical tests are 2 important threats that weaken the validity of inferences about the statistical relationship between the exposure and outcome. Reviewers should check the following aspects: whether the assumptions of the statistical tests were considered and not violated; whether appropriate effect sizes were used; and whether appropriate statistical methods were used given the nature of the data and the objectives of statistical analysis (eg, association between variables, prediction, survival analysis). These should be considered when reviewers assess this question and used to justify their decision to score this criterion as “yes,” “no,” or “unclear.”
Question 8: Were the study subjects and the setting described in detail?
Category: Comprehensiveness of reporting
Appraisal: Study level
It is important for readers of the study, and readers of the review, to determine whether the results presented are relevant to the population of interest for the systematic review and to inform any groups (similar studies to combine) for evidence synthesis. Although the study authors should have provided specific eligibility criteria regarding the population characteristics (assessed in questions #1 and #2), reviewers should also determine whether similar detail is provided regarding the study setting (eg, location, time period) and details of the actual participants (eg, participant demographics) enrolled in the study (not just eligible for the study).
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