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Outline

• What is a Systematic Review (SR)

• What is a Meta-analysis (MA) 

• How do we conduct a SR and MA

• Concepts
• Heterogeneity

• Subgroup and Sensitivity Analysis

• Publication bias, Reporting bias



What is a Systematic Review?

Available evidence is critically appraised and summarized to 
attempt to answer the research question

• A focused question 

• Comprehensive and systematic search for evidence of published (and 
ideally unpublished literature)

• Protocol-driven, reproducible (explicit inclusion and exclusion criteria)

• Utilizes measures to reduce bias

• May or may not involve quantitative synthesis



What is a Meta-analysis?

• Quantitative summary of a systematic review

• Benefits
• Greater precision (increases power by increasing sample size) and single 

summary estimate

• Significance of rare events (harm, secondary outcomes, etc.)

• More generalizable (wider inclusion criteria)

• Identify subgroups where treatment may be more (or less effective)



How to conduct a SR and MA?
Steps

1. Develop focused, clinically relevant question  

2. Develop protocol

3. Design and conduct literature search 

4. Select articles of interest

5. Extract data 

6. Appraise (quality assessment)

7. Analysis (if quantitative synthesis or MA)

8. Inference/implications for clinical practice
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1. Focused Question

• Clinically relevant

• Ambiguity in existing literature

• Could be focused on
• Incidence/prevalence

• Associations, risk factors

• Diagnostic accuracy

• Treatment efficacy

• Harm assessment/adverse events

• Prognostic utility



2. Develop Protocol

• Review question (PICOT)
• Patient

• Intervention (and control)

• Outcome: Primary, secondary

• Time period

• Inclusion and Exclusion criteria
• Type of study/type of question 

• Analysis plan
• Subgroups (a priori)

• Potential sensitivity analyses

In patients with chronic HBV and cirrhosis, 
what is the effect of entecavir treatment 

on the risk of incident HCC and mortality? 

Is HBV treatment effective?



2. Develop Protocol

• Review question (PICOT)
• Patient

• Intervention (and control)

• Outcome: Primary, secondary

• Time period

• Inclusion and Exclusion criteria
• Type of study/type of question 

• Analysis plan
• Subgroups (a priori)

• Potential sensitivity analyses

2. Develop Protocol



Type of Question  Type of Study

Therapy



Type of Question  Type of Study

Therapy

Case control 
studies

Randomized 
control trials

Cohort studies Case series



Type of Question  Type of Study

Meta Analysis

Harm

Case control 
studies

Randomized 
control trials

Cohort studies Case series

Type of Question  Type of Study



Type of Question  Type of Study

Meta Analysis

Prognosis

Case control 
studies

Randomized 
control trials

Cohort studies Case series

Type of Question  Type of Study



Type of Question  Type of Study

Meta Analysis

Therapy RCT > cohort > case control > case series

Harm RCT or cohort > case control > case series

Prognosis Cohort > case control > case series

Diagnosis Prospective, blind comparison to standard 

Cost Economic analyses, cost effectiveness 

Type of Question  Type of Study



3. Design and Conduct Literature Search

• Sensitive but not very specific

• Define (expand) synonyms/terms

• Controlled vocabulary (MeSH) + text words

• MULTIPLE DATABASES



Finding the evidence …

• MEDLINE (mainly English literature)

• EMBASE (more European, non English, major overlap with 
MEDLINE) 

• Cochrane Central (controlled trials) 

• Regional databases (LILACS, Chinese, etc.)

• Topic specific (e.g., AMED, ExtraMed, PsychInfo => alternative 
medicine)
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• Non published/grey literature (to avoid publication bias, ‘file 
drawer bias’):
• Conference abstracts, conference proceedings 

• Non indexed 

• Expert files

• Thesis

• Pharmaceutical companies

• Hand search/cross reference of bibliographies 

• Trial registries

• Language restrictions (ideally avoided)
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4. Selection of Articles 

• Typical Workflow
• Title and Abstract  remove obviously irrelevant reports (be over-inclusive)

• Full text review of selected articles

• Article selection should be performed in duplication! (Independently, 
in pairs)
• Agreement

• Disagreements

• Author contact

• Tools to track electronically – Abstrackr, EPPI-Reviewer, Covidence, 
DistillerSR





5. Data Extraction

• Study characteristics – location, design, time period, number of 
patients etc. 

• Quality assessment 

• Outcome data
• Unadjusted analysis

• Adjusted analysis

• Subgroups 

• Tools to help with data extraction – DistillerSR, Systematic Review 
Data Repository



Table 1

Tansel et al.  Clin Gastroenterol Hepatol 2017



5. Data Extraction

• Study characteristics – location, design, time period, number of 
patients etc. 

• Quality assessment 

• Outcome data
• Unadjusted analysis

• Adjusted analysis

• Subgroups 

• Tools to help with data extraction – DistillerSR, Systematic Review 
Data Repository

5. Data Extraction



6. Risk of Bias/Quality Assessment

• Critical appraisal of included studies
• Quality of included studies

• Variability in results across studies – difference in study quality

• Allows estimation of risk of bias in existing literature



Guidelines for risk of bias assessment

• RCTs (Cochrane Risk of Bias tool)
• Sequence generation, allocation concealment

• Blinding (of participants, outcome assessors, analysts)

• Incomplete outcome data

• Selective outcome reporting

• Observational Studies (Newcastle Ottawa Scale)
• Selection and comparability of groups, exposure/outcome assessment

• Diagnostic Accuracy Studies (QUADAS 2)
• Patient selection, index test, reference standard, flow and timing



7. Analysis – To Pool or Not to Pool



Assumption in Meta-Analysis

• All trials examined very similar patients, interventions, 
outcomes
• Ideally, individual patient data analysis (or pooled analysis)

• Minor difference in results occurred due to chance, not 
because of significant differences in patients, study design, 
assessment of interventions, etc.



How to combine studies

Weighted mean 

• Weight based on precision

• Variance  lack of precision

• Therefore, inverse variance = best weight



How to combine studies

Summary effect: weighted mean of the individual effects 

Method used to assign weights depends on the assumptions of the 
distribution of the effect sizes from which the studies were sampled

Fixed effects model
Assumes that all 

studies in the analysis 
share the same true 

effect size

Random effects model
Assumes that the true 

effect sizes vary 
between studies

Tools available: RevMan, Comprehensive Meta-analysis, Open 

Meta-Analyst, R (package ‘meta’)

How to combine studies



Choice of method: Random-effects model

• a priori based on anticipated clinical heterogeneity (which is 
random effects mostly with rare exceptions – Identical protocol of 
a drug manufacturer)

• Data-driven approach is not appropriate

• Revisit decision post hoc based on results:
• Fixed-effects not OK if high heterogeneity

• Random-effects not OK if studies <5 (unstable between study variance 
estimate)

• If no heterogeneity, random-effects = fixed-effects



Heterogeneity

• Any variability among studies in a systematic review 

• Clinical heterogeneity – variability in the PICO

• Age, sex, ethnicity

• Different drugs from same class

• Definition of exposure/outcome

• Methodological heterogeneity – variability in design & risk of bias 

• Study quality and design

• Method of exposure and outcome assessment

• Statistical heterogeneity – variability in the observed effect



Quantifying heterogeneity

• Cochran’s Q test – hypothesis testing 
for heterogeneity
• Null hypothesis is that all studies have 

same effect size

• Significant p is consistent with 
heterogeneity

• Inconsistency index (I2) - percentage 
of total variation across studies that 
is not due to chance 
• I2>50% suggests significant 

heterogeneity



Subgroup Analysis

• Is the effect different in direction or magnitude in subsets of 
studies?

1. Assess the stability/robustness of findings across different 
patient and/or study-level characteristics

2. Identify sources of heterogeneity in a meta-analysis

3. Effects from different subgroups can be compared using Z-
test of significance or ANOVA

4. CAUTION: Can be misleading and over-interpreted!



Believability of Subgroup Analysis

1. Defined a priori (and direction defined a priori), not a lot of 
subgroups

2. Large, statistically significant difference

3. Biologically plausible

4. Effect observed within studies and not only between studies

5. Consistent among studies 

6. Interaction consistent across closely related outcomes within the 
study



Incidence of HCC in patients with AIH 
with cirrhosis at baseline. 

Believability of Subgroup Analysis

Meta Analysis

Incidence of HCC in patients with AIH 
without cirrhosis at baseline. 

Defined a priori          Large difference         Biologically plausible
Effect observed within studies and not only between studies and consistent among studies 

Believability of Subgroup Analysis



Sensitivity Analysis

• Testing the effect of different assumptions on conclusions
• changing cutoff points for lab tests to change their predictive values 

• excluding lower quality studies 

• borderline eligibility

• Usually compare results of the new analysis with the main analysis 
visually

Meta Analysis

Sensitivity Analysis



Sensitivity Analysis
Sensitivity analysis Primary analysis 

Meta Analysis

Sensitivity Analysis



8. Inference/implications for clinical practice

• Make meaningful conclusions based on summary of evidence, 
keeping in mind quality of evidence

• Estimate number needed to treat/harm if results homogeneous –
clinical applicability

• Clinical guideline development

• Identify knowledge gaps and areas for future research



Publication Bias

• Negative studies are:
• Less likely be published 

• Take longer to be published

• Less likely to be cited

• Published in non-English or lower impact journals

• Pooled effect is overestimated

Meta Analysis

Publication Bias



Reporting bias

• Researchers often do not report all the outcomes they evaluated 
(because of space, bias, lack of interest…)

• Unreported outcomes are often not statistically significant => biased 
(distorted, exaggerated  effect size)

• Minimize risk by
• Checking registered protocols, trial registries

• Contact study authors

Meta Analysis

Reporting Bias



• PRISMA Guidelines (for performing a meta-analysis)
• Moher D, et al. Preferred reporting items for systematic reviews and meta-analyses: 

the PRISMA statement. Ann Intern Med 2009;151:264-9

• JAMA Users’ Guide
• Murad MH, et al. How to read a systematic review and meta-analysis and apply the 

results to patient care. JAMA 2014;312:171 

Meta Analysis

How to assess validity of a meta-analysis 
(User’s guide to literature)



Summary

• Systematic reviews and meta analyses allow critical appraisal and 
synthesis of available literature to answer clinical question

• Important to have a clinically meaningful question!

• Follow the steps in conducting systematic reviews and meta analyses

• Make meaningful conclusions based on summary of evidence, 
keeping in mind quality of evidence

• You can do it with limited resources; and it can serve as the first (or 
second) step in your research journey

Summary



THANKS



Newer Concepts
• Network meta-analysis



How to combine studies

• Weighted mean 
• Weight based on precision

• Variance  lack of precision, therefore, inverse variance represents best 
weight

• Fixed-effects model vs. random-effects model

• Heterogeneity

• Tools available: RevMan, Comprehensive Meta-analysis, Open Meta-
Analyst, R (package ‘meta’)



Critical Appraisal of Quality of Evidence

• Critical appraisal of the quality of the ENTIRE body of evidence, 
typically generated through systematic reviews/meta-analyses

• Several systems: GRADE, USPSTF, Oxford Center for Evidence-based 
Medicine

• GRADE – High, moderate, low or very low quality of evidence

• Based on risk of bias in relevant literature, inconsistency, imprecision, 
indirectness of evidence, publication bias
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Supplementary Figure 2 
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Supplementary Figure 3 
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