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Best practice in conducting meta-analysis

Screening data for potential data errors

Evaluation of risk of bias of study design

Evaluation of study results, including precision and consistency of estimates, and the 
potential for publication bias

Interpreting the results of meta-analysis, including statistical heterogeneity
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Part 1: Screening data for potential data errors
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Prevention is better than cure…best practice in data 
extraction

• Discussion and training
• Examine retraction statements and errata
• Extract independently in duplicate
• Procedure for resolving disagreement (discussion, third reviewer)
• Cross check all presentations of data (e.g., between text, table, figures)

Data extraction Methods Participants Intervention Outcomes Results

• Date
• Initials of 

extractor
• Article 

identifier

• Design
• Randomization
• Statistical 

analysis
• Funding/COI

• Setting
• Country
• Eligibility 

criteria
• Characteristics 

(e.g., age, sex)

• Intervention(s) 
and 
comparator(s)

• Components: 
dose, timing, 
duration, 
frequency

• For each 
domain (e.g., 
intake)

• Measurement 
tool

• Metric
• Aggregation
• Timing

• N/% included
• Summary (e.g., 

mean ± SD)
• Estimates and 

precision (e.g., 
odds ratio, 
95% CI)

NASEM question

Extraction errors from the primary studies 
that are included in published meta-
analyses are common. What are best 

practices to avoid/identify these types of 
errors?



Studies (not reports) are the unit of interest
• Linked studies – avoid data duplication

• Comprehensive search may identify multiple reports of the same study.
• Authors can:

• Extract data then link reports
• Link reports before they extract data – can be challenging to identify

• Review authors must choose and justify which report to use as a source for 
study results.

Linked reports may not:
• Share common 

authors
• Reference each other

• Report identical 
details of 

sample/design etc

Useful criteria 
(use as many as possible)

• Location/setting
• Intervention details (e.g., stimulus)

• Sample size, baseline data
• Date, study duration
 Correspond with authors



Linked data:
Worked example from nutrition-relevant case study

“Thank you for your email. Yes, the data are linked”



Multiple studies in a single report:
Worked example from nutrition-relevant case study

1

Two separate studies with 
similar experimental 

designs 
(but slightly different 

stimuli)

2

Same RCT repeated with 
male and female samples 

separately

3

Same RCT repeated with  
samples in the 

Netherlands and Spain 
separately



Best practice for reporting inclusion 
of multiple studies in meta-analysis



Multiple outcomes within a study
How this might arise
• multiple outcomes measured within a domain.
 (eg ‘TV viewing time’ and ‘online time’ in a ‘media use’ domain);
• multiple methods to measure the outcome.
 (eg self-reported, clinician-rated, or via tools/instruments, as well as their 

subscales);
• multiple time points measured within a time frame.

All provide a measure but are not completely interchangeable, some more 
relevant than others, and are statistically dependent

Best practice actions
• Use decision rules to select the most relevant.

• May be based on clinical (content validity), methodological (reliability of measure), or 
theoretical considerations.

• Use a meta-analysis method that models or accounts for dependency.



Multiplicity of outcomes: Use of decision rules
Worked example from nutrition-relevant case study

The following hierarchy was specified to select one outcome per domain in a review 
examining the effects of food marketing on food intake (Boyland et al 2022):

• The outcome closest to the key indicator for resulting policy (ie reduced 
unhealthy food intake)

• The outcome that provided the largest-scale measure (eg total amount of 
unhealthy food consumed selected ahead of amount of single item consumed)

• Amount consumed of first unhealthy item listed (as described by authors)
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Considering and evaluating bias
“Systematic error, or deviation from the truth, in results”

• Sources of bias
• (1) study authors, (2) research constraints, (3) review authors

• Authors of meta-analyses should seek to minimize bias
• Bias can lead to over or underestimation of effect
• Bias can vary in magnitude

• Small: trivial
• Substantial: apparent finding is entirely due to bias

• Use robust tools relevant to the study design 
• eg Cochrane tools: RoB2 for RCTs, ROBINS-1 for non-randomized studies



Applying critical appraisal tools: RoB2
Domain Examples

1. Risk arising from the randomization process Was the allocation sequence random?
Are there baseline differences suggesting issues with 
randomization?

2. Risk of bias due to deviation from the intended 
intervention

Were participants aware of their assigned intervention?
Were researchers aware of assignments?

3. Risk of bias due to missing outcome data Were data available for all (or nearly all) randomized 
participants?

4. Risk of bias in measurement of the outcome Was the method of measuring the outcome 
inappropriate (eg very poor validity)?

5. Risk of bias in selection of the reported result Was reporting in line with a preregistered protocol and 
analysis plan?
Is the result likely to have been selected from multiple 
possible results?





Challenges in assessing risk of bias:
Examples from nutrition-relevant case study

1 2

3 4

Reporting guidelines: experimental 
studies

Research 
design 
constraints

Higher risk profiles due to lack of 
disclosure

• Randomization 
procedure?

• Result selection?

Lack of relevant tool for study type
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