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Information

A Information explosion…
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• In 2007 a researcher was faced with 15 million 
articles published in the past 20 years compared to 
a researcher in 1977 who saw 5 million articles 
published in the previous 20 years

More being published
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Most research published in medical journals is 

too poorly done

or 

insufficiently relevant

to be clinically useful

Yahya.salimi@kums.ac.ir
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Too much information, too little time

• There is simply too much information around for people to keep up to 
date.

• On top of this, high quality information is often not easy to find.

Yahya.salimi@kums.ac.ir
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Review articles

Yahya.salimi@kums.ac.ir
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• A ‘review’ is the generic term for any attempt to 
synthesis the results and conclusions of two or more 
publications on a given topic. 

Yahya.salimi@kums.ac.ir
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Some reviews are usually based on narrative or 
commentary and are produced by a 

‘content expert’

Yahya.salimi@kums.ac.ir
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What’s the problem with 

“Expert Opinion”?

Yahya.salimi@kums.ac.ir
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The use of unsystematic approaches to collecting and 
summarizing the evidence. 

Yahya.salimi@kums.ac.ir
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What is a Systematic Review?

Yahya.salimi@kums.ac.ir
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Systematic review

Comprehensively

• locates

• evaluates 

• synthesizes

all the available literature on a given topic 

using a strict scientific design which

must itself be reported in the review

Yahya.salimi@kums.ac.ir
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A ‘systematic review’, therefore, aims to be:

• Systematic (e.g. in its identification of literature) 

• Explicit (e.g. in its statement of objectives, materials and methods) 

• Reproducible (e.g. in its methodology and conclusions)

Yahya.salimi@kums.ac.ir
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The ‘systematic’ part of systematic reviews is all about

minimizing bias in the way 

the review is carried out

Yahya.salimi@kums.ac.ir
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Systematic reviews are the same as ordinary 
reviews, only bigger!

• Not simply "comprehensive" but to answer a specific 
question

• To reduce bias in the selection and inclusion of studies 
(language, database, publication, reporting, citation, multiple 
publication)

• To appraise the quality of the included studies

• Internal validity: minimised systematic error (bias)

• External validity: generalisability of findings

• To summarise them objectively

Yahya.salimi@kums.ac.ir
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They are different!!

Yahya.salimi@kums.ac.ir
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The proposed new evidence-based medicine pyramid. 

M Hassan Murad et al. Evid Based Med 2016;21:125-127

©2016 by BMJ Publishing Group Ltd
Yahya.salimi@kums.ac.ir 19

Can Systematic reviews be used in study 
designs that are not clinical trials?

▪ Observational studies

▪ Studies evaluating diagnostic tests

▪ “IPD” = individual patient data studies

▪ Qualitative studies (meta-ethnography)

Yahya.salimi@kums.ac.ir 20
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What kind of resources are required for 
systematic reviewing?

▪ Can be time consuming

▪ Team science (to reduce bias)

▪ Bibliographic software (e.g. Endnote)

▪ Statistical software (if appropriate)

Yahya.salimi@kums.ac.ir 21

*IE Allen & I Olkin: JAMA. 1999;282(7):634-635. doi:10-1001/pubs.JAMA-ISSN-0098-7484-282-7-jbk0818

Citations Retrieved for a Meta-analysis and Total 

Hours Required to Complete the Meta-analysis*

The mean total number of 

hours was 1139 (median, 

1110), with a wide range from 

216 to 2518 hours.

(1) Pre-analysis search, 

retrieval, and database 

development: 588 (337) 

hours; 

(2) statistical analysis & 

validation: 144 (106) hours; 

(3) report and manuscript 

writing: 206 (125) hours; 

(4) other (administrative): 201 

(193) hours. 

Total time=721 + 0.243x − 0.0000123x2, where x is the number of 

citations before exclusion criteria are applied.

Yahya.salimi@kums.ac.ir 22
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8 Steps of Systematic Review

• 1. Research Question
• 2. Protocol
• 3. Search
• 4. Study selection (inclusion/exclusion)
• 5. Quality assessment
• 6. Data abstraction
• 7. Analysis

• A) Create summary measure
• B) Assess for heterogeneity
• C) Assess for publication bias
• D) Conduct sensitivity/subgroup analyses
• E) Advanced issues/techniques

• 8. Interpretation

Yahya.salimi@kums.ac.ir 23

Advantages of Met-analysis
• Results can be generalized to a larger population

• The precision of estimates can be improved as more data is 
used. This, in turn, may increase the statistical power to 
detect an effect.

• Inconsistency of results across studies can be quantified and 
analyzed. For instance, does inconsistency arise 
from sampling error, or are study results (partially) 
influenced by between-study heterogeneity.

• Hypothesis testing can be applied on summary estimates,

• Moderators can be included to explain variation between 
studies,

• The presence of publication bias can be investigated
24Yahya.salimi@kums.ac.ir

https://en.wikipedia.org/wiki/Sampling_error
https://en.wikipedia.org/wiki/Publication_bias
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Framing the Question (PICO/PECO/ PIRT)

➢A clearly defined, focused review begins with a well framed question. 

Well-formulated questions determine:

• Criteria used to select studies

• Development of the search strategy

• Data to be abstracted

• The Question Informs the Process

Yahya.salimi@kums.ac.ir 25

▪ Patient:

▪ Disease or condition

▪ Demographic characteristics

▪ Intervention  (or “Exposure”):

▪ Type of intervention

▪ Dose, duration, timing, etc.

▪ Comparison:

▪ Absence of risk or treatment

▪ Placebo or alternative therapy

Components of Well-Constructed and 

“Answerable” Clinical Questions
▪ Outcome:

▪ Risk or protective
▪ Dichotomous or

continuous
▪ Type: mortality, quality of life, etc.

▪ Type of Study:
▪ RCTs
▪ Cohort
▪ Case-control
▪ Cross-sectional
▪ All
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Research question 1

• Is drug therapy associated with long-term morbidity and mortality in 
older persons with moderate hypertension?

• P = Older persons with moderate hypertension

• I = Drug therapy

• C = Not stated (presumably any intervention other than the named 
drug therapy)

• O = Long-term morbidity and mortality
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Why worry aboutprotocols?

• Progress

• Validity
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Search strategy

• Search #1:  Population OR synonyms

• Search #2:  Determinant OR synonyms

• Search #3:  Outcome OR synonyms

• Search #4:  Combine #1, #2 and #3
• Population (#1) AND Determinant (#2) AND Outcome 

(#3)
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Boolean operators

• AND 

• OR

• NOT
Renal

Renal

Failure

Failure

8 Steps of Systematic Review

• 1. Research Question
• 2. Protocol
• 3. Search
• 4. Study selection (inclusion/exclusion)
• 5. Quality assessment
• 6. Data Extraction
• 7. Analysis

• A) Create summary measure
• B) Assess for heterogeneity
• C) Assess for publication bias
• D) Conduct sensitivity/subgroup analyses
• E) Advanced issues/techniques

• 8. Interpretation
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Why Quality assessment

❖Because of the critical role of systematic reviews in 
decision making (including clinical interventions and 
resource allocation), policymakers need valid evidence.

❖One of the distinguishing points of systematic review 
studies with narrative review is quality assessment.

❖The main purpose of quality assessment is not to 
exclude poor quality primary studies.

How to measure the quality of studies
❖In order to achieve the objective of quality assessment, 

the method of assessment must be quantitative (not 
qualitative).

❖We can use :

❖Critical Appraisal Tools (CAT)

❖Reporting Standards/Guidelines (RG)
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The choice

❖Reporting guidelines have greater diversity (more 
adaptability to a variety of study designs) and more 
attention to detail. 

❖Reporting guidelines that can be use in different 
systematic review:

❖ Systematic review on prevalent studies (cross- sectional 
study):STROBE

❖ Systematic review on observational studies (cohort/ case-
control): STROBE 

❖ Systematic review on RCTs: CONSORT 

❖ Systematic review on diagnostic studies: QUADAS

Where we can find the tools?

http://www.equator-network.org/
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Example for observational studies

Example for RCTs
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STROBE

QUADAS
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8 Steps of Systematic Review

• 1. Research Question
• 2. Protocol
• 3. Search
• 4. Study selection (inclusion/exclusion)
• 5. Quality assessment
• 6. Data Extraction
• 7. Analysis

• A) Create summary measure
• B) Assess for heterogeneity
• C) Assess for publication bias
• D) Conduct sensitivity/subgroup analyses
• E) Advanced issues/techniques

• 8. Interpretation

The Purpose of Data Extraction

1. To describe the study in general,

2. To extract the findings from each study in a consistent 
manner to enable later synthesis, and

3. To extract information to enable quality appraisal so that 
the findings can be interpreted 
❖Ideally this should be undertaken in such a way as to require 

minimal reference to the original papers at data synthesis stage.” 
(Social Care Institute for Excellence, 2006)
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Data Extraction Form Types

Paper Advantages Electronic Advantages

• convenience or preference;

• can be undertaken anywhere;

• easier to create and implement (no 
need for computer programming or 
specialist software);

• provides a permanent record of all 
manipulations and modifications; 
and

• simple comparison of forms 
completed by different review 
authors

• convenience or preference;

• combines data extraction and 
data entry;

• forms may be programmed 
with bridges/levels;

• accommodates large numbers 
of studies—more easily stored, 
sorted and retrieved;

• rapid comparison of forms 
completed by different review 
authors; and

• environmental considerations

Cochrane Handbook, Section 7.5.2

Bias and heterogeneity

Yahya.salimi@kums.ac.ir 46
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Type of error in research

• Chance (random error)
• statistics are used to reduce it by appropriate 

design of the study
• statistics are used to estimate the probability that 

the observed results are due to chance
• Bias (Systematic error)

• must be considered in the design of the study

YS

Bias

• An error in the conception and design of a study—or in 
the collection, analysis, interpretation, reporting, 
publication, or review of data—leading to results or 
conclusions that are systematically (as opposed to 
randomly) different from truth.

• (Porta, M. S., Greenland, S., Hernán, M., dos Santos Silva, I., & Last, J. M. (2014). A 
dictionary of epidemiology. Oxford University Press).

YS
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There are three possible sources of bias in reviews

• bias arising from the studies included in the review

• bias arising from the studies not included in the 
review

• Bias arising from the way the review is done.

YS

Validity of the main finding

• Are the searches adequate?

• Is there a risk of publication and related biases?

• Is the quality of the included studies high enough?

YS
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Type of reporting bias

• Publication bias • The publication or non-
publication of research 
findings, depending on 
the nature and 
direction of the results

YS

Publication bias

• 1-Arising from the researchers deciding whether or not to submit 
result

• 2- Arising from the tendency of journals to reject negative studies

• 3-Sponsorship 

• ….

YS
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Methods of preventing publication bias

• 1-Registeries

• 2-Editorial policy

YS

Analytical Methods: 
Summary Points

Yahya.salimi@kums.ac.ir 59
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Summary Points

• Always start the meta-analysis with a “visual meta-analysis” (i.e., a 
great table 1). 

• A clinician should be able to interpret the results

• Step 1: Calculate a summary measure = “weighted mean effect 
estimate”

• You can combine anything, but use judgment

• Step 2: Assess for heterogeneity
• Heterogeneity is not always a problem

• Step 3: Assess for publication bias
• Both visual and statistical methods

• Step 4: Perform subgroup/sensitivity analyses
• Ideally specify these a priori

How do you create a summary measure?

• Clinical example: Children with ear pain and an acute otitis 
media.

• Should they get antibiotics?

Research Questions:

1.In children with OM, are antibiotics effective for pain relief?

2.In children with OM, do antibiotics reduce the rate of 
complications (mastoiditis, hearing problems)?
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3 studies are identified (examining effect of Abx on Pain)

• Study 1: N = 100 RR=1.41

• Study 2: N=200 RR=0.98

• Study 3: N=300 RR=1.01

• You could take the average effect: (1.41 + 0.98 + 1.01) / 
3 = 1.13

• Is this a good summary measure?

Summary measure weighted by sample size

• Provide “weight” for 
studies based on their 
sample size

600Total

1.013003

0.982002

1.411001

RRNStudy

summary effect estimate= Σ (Ni x effect estimatei) = 640 =1.07

Σ(Ni)                     600
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More refined: Provide “weight” by using inverse of 
variance

Summary    =    Σ (weighti x effect estimatei) = 30.5 = 1.00

effect estimate            Σ(weighti)                         30.3

Study N RR Var RR Weight

1 100 1.41 3.0 0.33

2 200 0.98 0.1 10

3 300 1.01 0.05 20

Total 700

Fixed-effects model Random-effects model

Fixed-effects meta-analysis assumes 

that the intervention has a single true 

effect.

Random-effects meta-analysis assumes 
that the effect of the intervention varies 
across studies.
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Analytical Methods: Summary Points

• Always start the meta-analysis with a “visual meta-analysis” (i.e., a 
great table 1). 

• A clinician should be able to interpret the results

• Step 1: Calculate a summary measure = “weighted mean effect 
estimate”

• You can combine anything, but use judgment

• Step 2: Assess for heterogeneity
• Heterogeneity is not always a problem

• Step 3: Assess for publication bias
• Both visual and statistical methods

• Step 4: Perform subgroup/sensitivity analyses
• Ideally specify these a priori

Heterogeneity

• It is common for researchers who perform a meta-analysis to ask 
whether or not the effects are ‘heterogeneous’.

• Formal evaluation of heterogeneity, should clarify whether and to 
what extent random variability is responsible for the differences

YS
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Heterogeneity is your friend!

• Clinical diversity
• Methodological diversity
• Statistical heterogeneity

• I2 Statistics or Cochran’s Q 

• Bias testing or adjustment

• Funnel plots

• Subgroup analyses

• Meta-regression

YS

Sources of Heterogeneity

• Differences in design (patient selection or treatment schedule)

• Heterogeneity at study level (patient mix or quality of the trial)

• Heterogeneity at the patient level (prognostic factors)

• Heterogeneity of outcomes (chance results)

• …it is common in meta-analysis, get used to it.

YS
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Do you want Apples & Oranges or Fruit Salad?

OR

YS

Statistical tests of Heterogeneity

• Is the variation in the individual study findings likely 
due to chance?

Ho: Effect estimate in each study is the same (or homogeneous)

Ha: Effect estimate in each study is not the same (or 
heterogeneous)

Q = Σ(wi x (ln ORmh – ln ORi )
2) df = (N studies -1)

p < 0.05 or 0.10 = reject null, i.e., studies are heterogeneous
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Analytical Methods: Summary Points

• Always start the meta-analysis with a “visual meta-analysis” (i.e., a 
great table 1). 

• A clinician should be able to interpret the results

• Step 1: Calculate a summary measure = “weighted mean effect 
estimate”

• You can combine anything, but use judgment

• Step 2: Assess for heterogeneity
• Heterogeneity is not always a problem

• Step 3: Assess for publication bias
• Both visual and statistical methods

• Step 4: Perform subgroup/sensitivity analyses
• Ideally specify these a priori
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Assessing risk of publication bias

1. Funnel plots – plot study effect sizes by their 
standard errors
• “interoccular analysis” of funnel plots is unreliable

2. Statistical tests (Egger’s test and others)

3. Trim and fill analysis (need ~ 10+ studies)

YS

YS
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Test for bias: Begg’s or Egger’s tests

YS

Analytical Methods: Summary Points

• Always start the meta-analysis with a “visual meta-analysis” (i.e., a 
great table 1). 

• A clinician should be able to interpret the results

• Step 1: Calculate a summary measure = “weighted mean effect 
estimate”

• You can combine anything, but use judgment

• Step 2: Assess for heterogeneity
• Heterogeneity is not always a problem

• Step 3: Assess for publication bias
• Both visual and statistical methods

• Step 4: Perform subgroup/sensitivity analyses
• Ideally specify these a priori
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YS

YS
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http://www.emgo.nl/kc/analysis/statement/quorum%20review%20lancet%201991.
pdf – reporting guidelines for meta-analyses of RCT’s

http://www.consort-statement.org/ - reporting guidelines for reporting RCT’s

http://www.stard-statement.org/ - reporting guidelines for diagnostic studies

http://www.prisma-statement.org/ - reporting guidelines for meta-analyses

http://www.emgo.nl/kc/analysis/statements/MOOSE.pdf - reporting guidelines for 
meta-analyses of observation studies in Epidemiology

Guidelines for Reporting Meta-Analyses and 
Critiquing Studies for Inclusion in your Analyses

YS

PRISMA flowchart for the Herceptin Project*

*Systematic evaluation of trends in 
survival among patients with HER2-
positive advanced breast cancer 

YS

http://www.emgo.nl/kc/analysis/statement/quorum%20review%20lancet%201991.pdf
http://www.consort-statement.org/
http://www.stard-statement.org/
http://www.prisma-statement.org/
http://www.emgo.nl/kc/analysis/statements/MOOSE.pdf
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Update a systematic review

YS

Living systematic review

• Living systematic review (LSR) is an emerging approach to the 
updating of systematic reviews in which the review is updated 
frequently, typically at least each month, and usually published as 
online-only systematic reviews.

YS

https://journals.plos.org/plosmedicine/article?id=10.1371/journal.pmed.1001603
https://journals.plos.org/plosmedicine/article?id=10.1371/journal.pmed.1001603
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Jump In and Do One!

Thank you
Yahya.salimi@kums.ac.ir
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