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Objectives

Understand the 
purpose of 
systematic reviews

01
Understand the 
advantages of 
adding a meta-
analysis to a 
systematic review
• What do we gain? 

02
Interpret the results 
of a meta-analysis 
and assess 
heterogeneity of 
various studies

03
Identify the 
limitations of a 
systematic review 
and meta-analysis

04



Systematic Reviews

3

A narrative 
review of 

different study 
results 

More of a qualitative 
approach

Identify and 
critique relevant 
research studies

Common 
research 
question 

Discuss factors 
that may explain 

heterogeneity

Synthesize the 
knowledge 

based on each 
individual study 
without trying to 

do any 
quantitative 

approach



Systematic 
Review 
Process 

1. Formulate a clear research question 
and eligibility criteria for studies

2. Prepare a protocol 
3. Search for potentially relevant studies
4. Select eligible studies into the 

systematic review
5. Collection of data / Extract relevant 

info
6. Assessment of methodological quality 

of included studies
7. Synthesis of findings (possibly using 

meta-analysis)
8. Presentation of data and results
9. Interpretation and drawing conclusions

4



SUMMARY POINTS

• To ensure a systematic review is valuable to users, authors should prepare a 
transparent, complete, and accurate account of why the review was done, what they 
did, and what they found

• The PRISMA 2020 statement provides updated reporting guidance for systematic 
reviews that reflects advances in methods to identify, select, appraise, and synthesize 
studies

• The PRISMA 2020 statement consists of a 27-item checklist, an expanded checklist 
that details reporting recommendations for each item, the PRISMA 2020 abstract 
checklist, and revised flow diagrams for original and updated reviews

• We anticipate that the PRISMA 2020 statement will benefit authors, editors, and peer 
reviewers of systematic reviews, and different users of reviews, including guideline 
developers, policy makers, healthcare providers, patients, and other stakeholders



Recommended Items for Systematic Reviews: PRISMA 2020





Quantitative approach to systematically combine 
results of previous research studies considered 
to be “combinable” to arrive at conclusions about 
the evidence of research (treatment or exposure 
effect on a particular outcome)

Quantitative: numbers, statistical methods, results
Systematic: methodologically sound approach
Previous research: what's already done
Conclusions: New knowledge

Meta-Analysis



Goals of Meta-Analysis

To test whether the studies’ results are 
homogeneous

To obtain a global index about the magnitude of 
the relationship / treatment effect
• Also a confidence interval and associated statistical 

significance

If there is heterogeneity among studies, to 
identify possible sources of variation



Why is Meta-Analysis Warranted?
• One study cannot provide a definitive answer 
• Existing studies have reported different results or 

there is inconsistent evidence
• Summarize the results of ‘good’ existing studies to 

obtain a magnitude of an effect with adequate 
precision
– RCT are considered the gold standard

• Meta-analysis combines the effects from all studies 
to give an overall mean/average effect and other 
important information regarding heterogeneity (or 
not) of studies 





Principles of a Meta-Analysis
• Formulate the Research Question to be Addressed
• Define search criteria for the studies you want to 

include in your meta-analysis
– What kind of Studies (RCT, Observational)
– Period of study publication
– Outcome you are interested in (continuous; discrete)



Studies to be included in Meta-Analysis
• Thorough literature review of existing studies on a 

particular topic
• Ideally ‘homogenously’ designed studies

– RCT
– Observational  (cohort or case-control; however, need to keep 

in mind design issues) 
• Individual results need to be expressed in a standardized 

format to allow for comparison between studies
– Continuous (mean difference between 2 groups can be used)
– Categorical (diseased vs. non-diseased or dead vs. alive) 

preference would be to collect OR or RR  
• Keep in mind that for rare diseases OR approximates RR



Choosing study designs for questions 
about interventions and exposures 

Randomized 
experimental study

Non-randomized 
experimental study

Prospective cohort 
study

Retrospective case-
control study

Cross-sectional 
study

Protection from Bias
(on average)

Where to set the threshold?



Issues with quality of studies 
in a Meta-Analysis

• You may also score the quality of a study (covariate)
– Study Design: RCT, Observational (Cohort vs. Case-

Control approach) 
– Quality of Data Collected

• Exposure or Treatment effect
• Outcome (confirmed or self-reported; etc)

– Sample size of the study (this is currently used as 
default for weighting the evidence)

– Research funded by impartial agency or by industry? 
– Study performed by experienced researchers?
– Published in a peer-reviewed journal?









Principles of a Meta-Analysis

Data need to be extracted from each study

Calculate the overall effect by combining the data

The main outcome is the overall magnitude of the treatment effect or 
measure of association 

Summary estimate (OR, RR) is a weighted average giving more 
weights to studies with more precise estimates (i.e. larger sample size)

• Fixed effects: assumes that studies are equal and variability is due to 
random variation

• Random effect assumes a different underlying effect for each study (takes 
into consideration additional sources of variation)



Meta-Analysis of Effects of Intervention 
on Parental Smoking Cessation



Fixed vs. Random Effects Model
• Fixed effect does NOT take into account 

variability between studies
• Random effects generally yield larger variances 

and CI 
– It incorporates variances between studies:  

• If heterogeneity between studies is large, 
will dominate the weights and all studies will 

be weighted more equally

• Model weight for large studies less in random vs 
fixed effects model
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Heterogeneity of Studies
• Variability due to sampling error (within-study variability)
• Variability due to different studies’ populations, design 

quality and treatment effect (between study variability)

• In random-effect meta-analysis, one assumes there are 
real differences between all studies in the magnitude of 
the effect

• Assessing heterogeneity between studies
– Q test only informs about the presence vs. absence of 

heterogeneity 
– I2 statistic quantifies the percent of variation due to real differences 

among studies



Potential Sources of Between 
Study Heterogeneity

• Differences in Study Designs 
• Study quality
• Potential biases in ascertainment of study 

population / eligibility criteria
• Differences in incidence rates among 

unexposed (in different cohort studies)
• Different lengths of follow-up 
• Different distributions of confounders and 

effect modifiers 
• Different statistical methods / adjustment 

models used 



Meta-Analyses: Sensitivity Analyses

• Exclude studies with heterogeneous results
• Conduct separate analyses based on

– Study design 
• Cohort, Case-Control, RCT

– Geographic location
– Time period
– Study Quality: e.g. Poor, Moderate, Good
– Other characteristic (e.g. age, race/ethnicity, etc.) 

if data are available



Sensitivity Analysis
• Assumptions of statistical 

model 
– Fixed vs. random effects

• Methodological quality
– Good vs. doubtful 

• Study size
– Small vs. large trials

• Other covariates
– Age, follow-up or length of 

observation, blindness of 
reviewers…etc

• Publication Bias
– Positive studies are more 

likely to be published and 
in better impact journals 



Examples of Subgroup Analyses



Assessing Publication Bias: Funnel Plots

Sterne 2001



Situations Where Publication Bias 
Can Occur?

• Project dropped when preliminary analyses suggest 
results are negative

• Authors do not submit negative study
• Results reported in small, non-indexed journal
• Editor rejects manuscript 
• Reviewers reject manuscript (several times)
• Author does not resubmit rejected manuscript 
• Journal delays publication of negative study
• Results not reported by news, policy makers, or narrative 

reviews



Assessing Publication Bias



Limitations of Meta-Analysis
• If conducted poorly are very misleading

– Carefully consider methodological aspects of each study 
– Study population
– Treatment (dose, duration) / Exposure assessment
– Outcome (confirmed medical tests, self-reported)
– Observational studies: need to consider that each study has 

controlled for different confounders and might have issues 
with bias

• Focus on average effect and assessment of 
differences between studies
– Need to know which subject characteristics (e.g. age, 

gender, genotype) might predict individual responses
• Publication bias 


