
Fariba Kolahdooz 

 MSc, GDPH, PhD 
Hamid Baradaran 



2 

Ability to critically review a published systematic 

review or meta-analysis 

Ability to undertake a systematic review and/or 

meta-analysis for use as: 

 Opening chapter of doctoral dissertation 

 Background section of an proposal 

 Peer-reviewed publication  

 Policy-review 

 

 (Systematic review) ≠ (Meta–analysis) 

 



 Importance   

 Different types of the reviews 

 Definitions  

 History 

 Examples of medical guidelines/practices 

based on researches synthesis  

1st session, 8:30-10  



Commissioned calls for evidence 

synthesis are usually on topics 

where a gap in knowledge has 

been identified, prioritised and a 

question posed.  



 We need evidence for both clinical practice 
and for public health decision making 

 

 A good review is a state-of-the-art synthesis of 
current evidence on a given research question. 



 Practitioners and decision-makers are 
encouraged to make use of the latest research 
and information about best practice, and to 
ensure that decisions are demonstrably rooted in 
this knowledge. 

 

 This can be difficult given the large amounts of 
information generated by individual studies 
which may be biased, methodologically flawed, 
and can be misinterpreted and misrepresented. 



 Furthermore, individual studies can reach 
conflicting conclusions; 

 because of biases or differences in the way the 
studies were designed or conducted, or simply 
due to the play of chance.  

 

 In such situations, it is not always clear 
which results are the most reliable, or 
which should be used as the basis for 
practice and policy decisions. 

 



 Systematic reviews aim to identify, evaluate 
and summarize the findings of all relevant 
individual studies, thereby making the 
available evidence more accessible to 
decision makers. 

 

 When appropriate, combining the results of 
several studies gives a more reliable and 
precise estimate of an intervention’s 
effectiveness than one study alone. 

 



 Level of evidence Description 
 I Evidence obtained from a systematic review of all relevant 

randomized controlled trials.  

II Evidence obtained from at least one properly designed randomized 
controlled trial.  

III-1 Evidence obtained from well-designed pseudo-randomized 
controlled trials (alternate allocation or some other method).  

III-2 Evidence obtained from comparative studies with concurrent 
controls and allocation not randomized (cohort studies), case 
control studies, or interrupted time series with control group.  

III-3 Evidence obtained from comparative studies with historical 
control, 2 single-arm studies, or interrupted time series without a 
parallel control group.  

IV Evidence obtained from a case series, either posttest or pretest and 
posttest. 



 Given that most professionals do not have the time 

to track down all the original articles, critically read 

them, and obtain the evidence they need for their 

questions. 

 Annually  > 3 million articles, > 30,000 journals  

 To keep up to date in Internal Medicine, need to 

read 17 articles a day, 365 days a year! 

 



 Traditional, narrative review (overview) 

 Systematic review 

 Meta-analysis 

 Pooled analysis 



 Traditional, narrative reviews, usually written 

by experts in the field, are qualitative, narrative 

summaries of evidence on a given topic. Typically, 

they involve informal and subjective methods to 

collect and interpret information. 

*Klassen et al. Guides for reading and interpreting systematic reviews. Arch Pediatr Adolesc Med 1998;152:700-704. 



 “A systematic review is a review in which 

there is a comprehensive search for relevant 

studies on a specific topic, and those 

identified as then appraised and synthesized 

according to a predetermined and explicit 

method.”* 

*Klassen et al. Guides for reading and interpreting systematic reviews. Arch Pediatr Adolesc Med 1998;152:700-704. 



 Systematic reviews seek to collate all evidence 
that fits pre-specified eligibility criteria in 
order to address a specific research question. 

 

 It uses explicit, systematic methods that are 
selected with a view to minimizing bias, thus 
providing more reliable findings from which 
conclusions can be drawn and decisions made 
(Antman 1992, Oxman 1993). 

 



 a clearly stated set of objectives with pre-defined 
eligibility criteria for studies; 

  an explicit, reproducible methodology; 

  a systematic search that attempts to identify all 
studies that would meet the eligibility criteria; 

 

 an assessment of the validity of the findings of the 
included studies, for example through the 
assessment of risk of bias; and a systematic 
presentation, and synthesis, of the characteristics and 
findings of the included studies; 



 “A meta-analysis is the statistical combination of 
at least 2 studies to produce a single estimate of the 
effect of the healthcare intervention under 
consideration.”* 

 

 Individual patient data meta-analyses (pooled 
analyses) involves obtaining raw data on all 

patients from each of the trials directly and then re-
analyzing them. 

 
*Klassen et al. Guides for reading and interpreting systematic reviews. Arch Pediatr Adolesc Med 1998;152:700-704. 



Koushik, A. et al. Cancer Epidemiol Biomarkers Prev 2005;14:2160-2167 

Pooled multivariate RR and 95% CI of ovarian cancer and intake of fruits and vegetables 

pooled multivariate RR for the highest 

vs. lowest quartile of intake 

RR= 1.06 (0.92-1.21); P trend = 0.73 

RR= 0.90 (0.78-1.04), P trend = 0.06 



Genkinger, J. M. et al. Cancer Epidemiol Biomarkers Prev 2006;15:364-372 

Adjusted RRs and 95% CI for ovarian cancer according to lactose intake  

RR=1.19 (1.01-1.40) ; P trend 0.19 



 



 Meta-analysis is the use of statistical methods 
to summarize the results of independent 
studies (Glass 1976). By combining 
information from all relevant studies, meta-
analyses can provide more precise estimates 
of the effects of health care than those 
derived from the individual studies included 
within a review.  

 

 They also facilitate investigations of the 
consistency of evidence across studies, and 
the exploration of differences across studies. 
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Although meta-analysis is most widely known in 
biomedical settings for its application to clinical 
trials, the technique can also be used to 
synthesize/analyze other study designs: 
 

Observational studies (e.g. case control, non-
randomized cohorts, cross-sectional prevalence 
studies, etc.) 

Studies evaluating diagnostic tests (sensitivity, 
specificity, predictive value)  

“IPD” = individual patient data studies 

 

 



 Can be subjective, prone to bias and error 

 Literature search may be patchy and inadequate 

 Selective citation of literature 

 No description of the methods used by the review 

 Usually uses vote-counting: can be misleading 

 Usually not quantitative: can’t pick up small effects 

 Readers can’t judge the quality of the review 

 Readers can’t replicate or verify the review 

 Narrative reviews may disagree with each other 



 You don’t have to be an “expert” to do one! 

 More objective, less prone to bias and error 

 Literature search is comprehensive and 
repeatable 

 Clear description of the methods used 

 Explicit criteria for choosing studies 

 Includes assessment and discussion of 
quality of primary studies 

 Quantitative synthesis avoid vote counting 

 Can pick up small effects by pooling data 

 Readers can replicate or verify the review 



Systematic review  Narrative review 

• systematic methods used to 

control bias and imprecision  

• subjective and may be biased 

• uses rigorous scientific 

methodology to search literature  

• no explicit methods for searching 

literature or reporting and report 

results of results 

• can be replicated  • cannot be replicated 



 

Overviews 

 

Systematic  

reviews 

Meta-analyses 

Individual data  

meta-analyses  

(pooled analyses) 

In practice, not all meta-analyses are conducted as 
part of systematic reviews 



 Karl Pearson is probably the first 

medical researcher to use formal 
techniques to combine data from 
different studies (1904): 
 

 He synthesized data from several 
studies on efficacy of typhoid 
vaccination 

 

 His rationale for pooling data: 

 “Many of the groups… are far 
too small to allow of any definite 
opinion being formed at all….” 

Egger et al. Systematic reviews in health care. London: BMJ Publications, 2001. 



 The Cochrane Collaboration 
is named in honor of Archie 
Cochrane, a British 
researcher. 
 

 In 1979 he wrote, "It is surely 
a great criticism of our 
profession that we have not 
organized a critical summary, 
by specialty or subspecialty, 
adapted periodically, of all 
relevant randomized controlled 
trials” 
Source: http://www.cochrane.org/cochrane/archieco.htm 



 
 Archie Cochrane’s challenge led to the 

establishment during the 1980s of an 
international collaboration to develop the 
Oxford Database of Perinatal Trials. 
 

 His encouragement, and the endorsement 
of his views by others, led to the opening of 
the first Cochrane centre (in Oxford, UK) in 
1992 and the founding of The Cochrane 
Collaboration in 1993. 

Source: http://www.cochrane.org/cochrane/archieco.htm 



 The Cochrane Collaboration is a 
group of over 10,000 volunteers in 
more than 90 countries who review 
the effects of health care 
interventions tested in biomedical 
randomized controlled trials. 
 

  A few more recent reviews have 
also studied the results of non-
randomized, observational studies. 
The results of these systematic 
reviews are published as "Cochrane 
Reviews" in the Cochrane Library. 

 

http://en.wikipedia.org/wiki/Biomedical
http://en.wikipedia.org/wiki/Randomized_controlled_trial
http://en.wikipedia.org/wiki/Observational_study
http://en.wikipedia.org/wiki/Systematic_review
http://en.wikipedia.org/wiki/Systematic_review
http://en.wikipedia.org/wiki/Cochrane_Library
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 Human albumin solution, a blood product, has been 
used in the treatment of blood loss and burns since 
over half a century ago.  
 

 In the UK alone, an estimated 100,000 patients are 
treated with human albumin solution each year, at a 
cost to the NHS of close to £12 million. 
 

 In 1996: is human albumin administration beneficial?  

*1. Roberts I, et al. Egg on their faces. The story of human albumin solution. Eval Health Prof. 

2002;25(1):130-8. 

 

2. Cochrane Injuries Group Albumin Reviewers. Human albumin administration in critically ill patients: 

systematic review of randomised controlled trials. BMJ 1998;317:235-40. 



 To answer this question a systematic review of controlled 
trials comparing albumin with crystalloid was conducted 
by the Cochrane Injuries Group. 
 

 30 RCTs including 1419 randomised patients identified. 
 

 A meta-analysis showed that the risk of death among those 
treated with albumin was higher than in the comparison 
groups.  
 

 The pooled risk ratio was 1.68 (95% CI 1.26, 2.23) 
 

 The data suggested that for every seventeen critically ill 
patients treated with albumin there is one extra death. 

Roberts I, et al. Egg on their faces. The story of human albumin solution. Eval Health Prof. 2002;25(1):130-8. 

 



 The results were widely reported in the media and 
stimulated an immediate response from the regulatory 
agencies, the industry and the medical profession. 

 

 The industry launched a “Albumin Support Programme” 
to resuscitate the ailing US $ 1.5 billion global albumin 
market. 

 

 The objective was to disseminate evidence supporting albumin: 

 The establishment of a medical advisory panel to write articles 
supporting the use of albumin. 

 

 The industry set aside US $2.2 million for the program.  

Roberts I, et al. Egg on their faces. The story of human albumin solution. Eval Health Prof. 2002;25(1):130-8. 

 



Roberts I, et al. Egg on their faces. The story of human albumin solution. Eval Health Prof. 2002;25(1):130-8. 

 



 A topic of great debate and controversy for many years 

 First few epidemiologic studies were published in 1918 
 

 Vigorously attacked by the tobacco industry 
 Too small an association 

 Potential bias 

 Potential confounding 

 Lack of biological proof 
 

 Evidence accumulated over the next decades 

 It was not until about 10 years ago when several official 
bodies/agencies concluded that passive smoking is a 
cause of lung cancer 
 The tobacco industry continues to dispute this claim!! 

Hackshaw AK et al. BMJ 1997;315:980-88. 

Hackshaw AK. Stat Meth Med Res 1998;7:119-136. 



 Hackshaw et al. conducted a very comprehensive 
systematic review in 1997: 

 

 They identified 37 published studies that reported risk of 
lung cancer among lifelong non-smoking women 
according to the husband’s smoking status 

 

 Their meta-analysis revealed that the overall risk of lung 
cancer among lifelong non-smoking women was 1.24 
times higher when their husbands smoked, as compared 
to those women whose husbands did not smoke. 

Hackshaw AK et al. BMJ 1997;315:980-88. 

Hackshaw AK. Stat Meth Med Res 1998;7:119-136. 



Hackshaw AK et al. BMJ 1997;315:980-88. 

Hackshaw AK. Stat Meth Med Res 1998;7:119-136. 



Hackshaw AK et al. BMJ 1997;315:980-88. 

Hackshaw AK. Stat Meth Med Res 1998;7:119-136. 



 Justification for a new review 

 

 Steps to do a systematic review 

2nd session, 10:20-12  



 To justify a systematic review 

 To establish a review team & 

 Possibly an advisory group 

 To prepare a review protocol  

 



 Before undertaking a systematic review it is 
necessary to check whether there are already 
existing or ongoing reviews, and whether a 
new review is justified. 

 

 If a high quality review is located, but was 
completed some time ago, then an update of 
the review may be justified. 

 

 Critically appraising review articles 

 

 



 Database of Abstracts of Reviews of Effects (DARE) 

 It contains critical appraisals of systematic reviews of 

the effects of health interventions 

 

 Cochrane Database of Systematic Reviews (CDSR) 

 CDSR contains the full text of regularly updated 

systematic reviews of the effects of health care 

interventions carried out by the Cochrane 

Collaboration 

 



 For reviews of health care interventions, MEDLINE 
and EMBASE are the databases most commonly used 
to identify studies.  

 The Cochrane Central Register of Controlled Trials 
(CENTRAL) includes details of published articles 
taken from bibliographic databases and other 
published and unpublished sources. 

 PsycINFO (psychology and psychiatry),  

 AMED (complementary medicine),  

 MANTIS (osteopathy and chiropractic)  

 CINAHL (nursing and allied health professions). 

Searching electronic databases 



 If the topic includes social care there are a range of 
databases available including: 

  ASSIA (Applied Social Sciences Index and 
Abstracts),  

 CSA Sociological Abstracts,  

 CSA Social Services Abstracts,  

 The databases referred to above are all subject-based 
but there are others, such as AgeInfo, Ageline and 
ChildData, that focus on a specific population group 
that could be relevant to the review topic. 

 

Searching electronic databases 



 The National Institute for Health and Clinical Excellence (NICE)  

 The NIHR Health Technology Assessment (NIHR HTA)  

 Campbell Collaboration website 

 contains the Campbell Library of Systematic Reviews giving 

full details of completed and ongoing systematic reviews in 

education, crime and justice, and social welfare 

 The Evidence for Policy and Practice Information (EPPI) Centre 

 review fields include education, health promotion, social care 

and welfare, and public health, has a database of systematic and 

non systematic reviews of public health interventions.  



 It may also be worth looking at sites such as the National 

Guidelines Clearinghouse (NGC) or the Scottish 

Intercollegiate Guidelines Network (SIGN), as many 

guidelines are based on systematic review evidence.  

 MEDLINE  

If an existing review is identified which addresses 

the question of interest, 

 then the review should be assessed to determine 

whether it is of sufficient quality to guide policy and 

practice. 



 Search for systematic reviews on red 
wine and health 

 

 Combine the highly sensitive search 
argument for locating systematic reviews 
and meta-analyses. Source: (Shojania & Bero, 
2001), with the topic:  

 Red wine AND health 

 



Paste this entire string into the PubMed search window: 

 
(((meta-analysis [pt] OR meta-analysis [tw] OR metanalysis [tw]) OR ((review [pt] OR guideline [pt] 

OR consensus [ti] OR guideline* [ti] OR literature [ti] OR overview [ti] OR review [ti]) AND 
((Cochrane [tw] OR Medline [tw] OR CINAHL [tw] OR (National [tw] AND Library [tw])) OR 
(handsearch* [tw] OR search* [tw] OR searching [tw]) AND (hand [tw] OR manual [tw] OR 
electronic [tw] OR bibliographi* [tw] OR database* OR (Cochrane [tw] OR Medline [tw] OR 
CINAHL [tw] OR (National [tw] AND Library [tw]))))) OR ((synthesis [ti] OR overview [ti] OR 
review [ti] OR survey [ti]) AND (systematic [ti] OR critical [ti] OR methodologic [ti] OR 
quantitative [ti] OR qualitative [ti] OR literature [ti] OR evidence [ti] OR evidence-based [ti]))) 

BUTNOT (case* [ti] OR report [ti] OR editorial [pt] OR comment [pt] OR letter [pt]) ) AND (red 

wine) AND (health)   

To find meta-analyses on red wine and 

health: 





a well-defined 

question  

use appropriate 

methods 



 The review team will manage and conduct the review and 
should have a range of skills.  

 

 Ideally these should include expertise in systematic review 
methods, the relevant clinical/topic area, statistics, health 
economics and/or qualitative research methods where 
appropriate.  

 

 It is good practice to have a minimum of two researchers 
involved so that measures to minimize bias and error can be 
implemented at all stages of the review. 

 

 Any conflicts of interest should be explicitly noted early in 
the process, and steps taken to ensure that these do not 
impact on the review process. 

 



 Decisions should be addressed about: 
 

 the review question,  

 inclusion criteria,  

 search strategy,  

 study selection,  

 data extraction,  

 quality assessment,  

 data synthesis and  

 plans for dissemination. 

 Specifying the methods in advance reduces 
the risk of introducing bias into the review 

 



 A comprehensive search should have been carried 

out, clear and appropriate criteria used to select or 

reject studies, and the process of assessing study 

quality, extracting and synthesising data should have 

been unbiased, reproducible and transparent.  
 

 If these processes are not well-documented, 

confidence in results and inferences is weakened.  
 

 The review should report the results of all included 

studies clearly, highlighting any similarities or 

differences between studies, and exploring the 

reasons for any variations.  



 One attempt will rarely produce the final strategy.  

 Strategies are usually built up from a series of test 
searches and discussions of the results of those 
searches among the review team. 

 PICOS helps guide the development of search 
terms 

 It is not necessary to include all of the PICOS concepts in 
the search strategy.  

 It is preferable to search for those concepts that can be 
clearly defined and translated into search terms.  

 



 To justify a systematic review 

 To establish a review team & an advisory group 

 To prepare a review protocol  

 Defined research question (PICOS) 

 Find all relevant papers (Search strategy)    

 

 

 



 Research question 

 

 Search strategies  

3rd session, 10:20-12  



a well-defined 

question  

use appropriate 

methods 
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P - Who is the patient or what problem is 
being addressed? 

I - What is the intervention or exposure? 

C – What is the comparison group? 

O - What is the outcome or endpoint? 

 

Architecture of a focused question: 

a 4-part review question 

+ study design 

Richardson et al. The well-built clinical question: a key to evidence-based decisions. ACP Journal Club 1995;A-12 

Counsell C. Formulating questions and locating primary studies for inclusion in systematic reviews. Ann Intern Med 1997;127:380-7. 
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 Patient: 
 Disease or condition 

 Stage, Severity 

 Demographic characteristics (age, gender, etc.) 

 Intervention: 
 Type of intervention or exposure 

 Dose, duration, timing, route, etc. 

 Comparison: 
 Absence of risk or treatment 

 Placebo or alternative therapy 

 Outcome: 
 Risk or protective 

 Dichotomous or continuous 

 Type: mortality, morbidity, quality of life, etc. 
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 PICO + study design 

 
 Study designs: 

 RCTs 

 Cohort 

 Case-control 

 Cross-sectional 

 All 
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 Etiology [cohort, case-control] 

 Therapy [RCT] 

 Prognosis [cohort] 

 Harm [cohort, case-control] 

 Diagnosis [cross-sectional, case-control] 

 Economic [cost-effectiveness analysis, etc.] 

 
 These domains are usually addressed by different study designs 
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Is Zinc effective in treating cold? 

In children with common cold, is oral Zinc effective in 

reducing the duration of symptoms, as compared to placebo? 

Intervention Outcome 

Intervention Patient/problem 

Outcome Comparison 
+ RCTs 
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Is snoring a risk factor for diabetes? 

Are people who snore regularly at a greater risk of developing 

type II diabetes mellitus as compared to those who do not snore? 

Exposure Outcome 

Exposure Patient 

Outcome Comparison 
+ cohort & case-control studies 
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Is Positron Emission Tomography (PET) a good test for coronary disease? 

Is PET a more sensitive and specific test in diagnosing coronary 

artery disease as compared to coronary angiography? 

Test (intervention) Outcome 

Patient Outcome 

Comparison 
+ diagnostic studies [cross-sectional] 

Test (intervention) 
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Patient  

or Problem 

Intervention & 

comparison 

Outcome 

Study design 

filters 

+ 

PICO + STUDY DESIGN FILTER 

Studies most likely to address the question 



Population(s)/ 

Patient(s) 

Patients undergoing hip 
replacement 

Intervention(s)/
Treatment(s) 

Antimicrobial prophylaxis 

Comparator(s) No prophylaxis 

Outcome(s) Post-operative infection 

Study Design Any type of study design 



 Once a list of potential search terms has been 

compiled for each of the concepts, the next stage is 

to identify relevant subject headings which have 

been used to describe the topic in the databases you 

plan to search. 

 

 Sometimes it can also be useful to search for 

common mis-spellings, for example “asprin” when 

you want to retrieve studies of aspirin 



 The search has been written for the OvidSP 

search interface to MEDLINE and has 

commands specific to that interface: 

 $  for example „complication$‟ retrieves 'complications' as 

well as 'complication'. 

 .ti,ab   Restricts the search to title and abstract fields, to avoid 

retrieving unexpected results from the subject headings. 

 EXP     Explode the subject heading, to retrieve more specific 

terms  

 /         MeSH heading. 

 



 Subheadings are used 
with MeSH terms to 
help describe more 
completely a particular 
aspect of a subject. 

 

 

 In the MeSH database, 
subheadings logically 
paired with the main 
heading are presented. 

 

 

http://www.ncbi.nlm.nih.gov/sites/entrez 



 All the subject terms originate with 15 main categories or 
branches. These branches then have others branching off 
them and so on with each branch becoming more and 
more specific. 
The major categories are: 
A-Anatomy 
B-Organisms 
C-Diseases 
D-Chemicals 
E-Analytical, Diagnostic and Therapeutic Techniques and Equipment 
F-Psychiatry and Psychology 
G-Biological Sciences 
H-Physical Sciences 
I-Anthropology 
J-Technology 
K-Humanities 
L-Information Sciences 
M-Named Groups 
N-Health Care 
Z-Geographicals 

 



 

 

 

MeSH  Keyword  
Searches the Subject headings 

field only 

Searches the title and abstract 

fields 

MeSH directs the user to the 

preferred subject headings. It 

also provides tools to locate 

related terms and to specify the 

focus of the article. 

Finds words or phrases exactly 

as they are entered, unless a word 

is truncated. 

It will not locate synonyms. 

Reflects current usage of medical 

terms. 

Should be used when there is no 

Subject heading to describe a 

concept - in the case of new or 

obscure topics. 



 Combined using Boolean logic (AND, 
OR, NOT) to create a set of results which 
should contain articles relating to the 
topic in question. 

 

The search should be described briefly in 
the methods section of the review.  



Searching & EndNote 

Creating your electronic file drawer 



PubMed to EndNote: 

Save search results in text file 

Step 1:  Change the Display button 

setting from "Summary" to "MEDLINE.“ 

Step 2: Change the Send to button from 

"Text" to “File”.  

Step 3:Click Save. This creates the file 

you will import into EndNote. 



Save search results 



ENDNOTE: Open filter manager, choose Pubmed filter 



ENDNOTE: Open filter manager, choose Pubmed filter 



ENDNOTE: File / Import 





 http://apps.isiknowledge.com/UA_GeneralSe
arch_input.do?preferencesSaved=&product=U
A&SID=3Dpp%40169mfJomhCp712&search_m
ode=GeneralSearch&last_prod=WOS&highligh
ted_tab=UA&cacheurl=no 

























 http://proquest.umi.com/pqdweb?RQT=306&
TS=1213823445&clientId=1566 







ENDNOTE: find duplicates 



Duplicates are highlighted 



ENDNOTE: OK to delete 



ENDNOTE: search economic within your library 



ENDNOTE: Link to PDF, specify path + file name 









Using Endnote and Microsoft 

Word 



 When you install Endnote, it should automatically 
install itself into Microsoft Word as well 

 Under the “Tools” tab 

 Keep Endnote open- Microsoft Word will know what 
Endnote library you want to work from.  

 You can “Format Bibliography” to change the style in 
which your citations appear (output style 
“Epidemiology” leaves numbers in superscript where 
you want a citation, and puts the citation in a particular 
format at the bottom of the document) 

 





 (((randomized controlled trial[pt] OR controlled clinical trial[pt] OR 
randomized controlled trials[mh] OR random allocation[mh] OR double-
blind method[mh] OR single-blind method[mh] OR clinical trial[pt] OR 
clinical trials[mh] OR ('clinical trails'[tw]) OR ((sing*[tw] OR doubl*[tw] 
OR trebl*[tw] OR tripl*[tw]) AND (mask*[tw] OR blind*[tw])) OR 
placebos[mh] OR placebo*[tw] OR random*[tw] OR research 
design[mh:noexp] OR comparative study[mh] OR evaluation studies[mh] 
OR follow-up studies[mh] OR prospective studies[mh] OR cross-over 
studies[mh] OR control*[tw] OR prospective*[tw] OR volunteer*[tw]) 
NOT (animal[mh] NOT human[mh]) AND (Clinical Trial[ptyp] OR 
Randomized Controlled Trial[ptyp] OR Classical Article[ptyp] OR 
Clinical Trial, Phase I[ptyp] OR Clinical Trial, Phase III[ptyp] OR Clinical 
Trial, Phase IV[ptyp] OR Controlled Clinical Trial[ptyp] OR Journal 
Article[ptyp]) AND (English[lang] ) AND (vitamin D[MeSH:noexp]) 
AND ((pregnancy*[tw]            # 153 

   

 Vitamin D and pregnancy # 2019 
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 Steps in systematic review  
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 “…it is always appropriate and desirable to 
systematically review a body of data, but it may 
sometimes be inappropriate, or even misleading, 
to statistically pool results from separate studies.  

 

 Indeed, it is our impression that reviewers often 
find it hard to resist the temptation of combining 
studies even when such meta-analysis is 
questionable or clearly inappropriate.” 

Egger et al. Systematic reviews in health care. London: BMJ books, 2001:5. 



 A clearly defined, explicit question 

 Comprehensive and systematic search for studies 

 Explicit, reproducible strategy for screening and including 

studies (inclusion/exclusion criteria) 

 Assessment of quality of primary studies 

 Explicit, reproducible data extraction 

 Appropriate analysis and reporting of results 

 Exploration of heterogeneity, publication bias, etc. 

 Discussion should consider limitations and strength of 

evidence 

 Interpretation supported by data 

 Implications for patient care and future research 



 When a meta-analysis is done outside of a systematic 
review 

 When poor quality studies are included or when 
quality issues are ignored 

 When inadequate attention is given to heterogeneity 
 Indiscriminate data aggregation can lead to inaccurate 

conclusions 

 When reporting biases are a problem 
 Publication bias 

 Time lag bias 

 Duplicate publication bias 

 Language bias 

 Outcome reporting bias 

Egger M et al. Uses and abuses of meta-analysis. Clinical Medicine 2001;1:478-84. 



 Formulate the review question & write a protocol 

 To identify published articles about specific topic by 

using the MeSH term (Medical Subject Heading) 

• Time farm 

• Language   

 To identify additional studies by searching the reference 

lists of identified papers 

 To read the abstracts of all identified studies to exclude 

those that are clearly not relevant  

 To read the full texts of the remaining articles to 

determine if they presented data pertaining to research 

question  



 Assess study quality 

 To extract the following information: country; year of 

publication; study type; size of the study; confounders 

considered; the outcome.  

 The extracted data should be checked independently by 

two authors  

 Analyze data 

 To interpret and publish the results  





 

        CRITICAL APPRAISAL 

                        = 

      QUALITY  ASSESSMENT 







 Oxman & Guyatt index of the scientific 
quality of research overviews (1991) 

 

 

 Users’ Guides to the Medical Literature 
checklist on how to use review articles (2002) 



 

Meta-Analysis 

 

Hamid R Baadaran M.D., Ph.D., 

Iran University of Medical Sciences 



 Meta-analysis is a statistical analysis of a 
collection of studies 

 Meta-analysis methods focus on contrasting and 
comparing results from different studies in 
anticipation of identifying consistent patterns and 
sources of disagreements among these results 

 Primary objective: 

 Synthetic goal (estimation of summary effect) 

     vs 

 Analytic goal (estimation of differences) 

 

Meta-Analysis 



 Key variables that characterize:  
 Participants 
 Interventions 
 Outcome Measures 
 Internal validity of each study. 

 Results in natural units that are easily 
understood 

 Standardized results, if these can be derived in 
a way that will facilitate comparisons across 
studies without being misleading 
 

In summarizing the results and facilitating their 

analysis 



 Well formulated question 

 Comprehensive data search 

 Unbiased selection and extraction  process 

 Critical appraisal  of data 

 Synthesis of data 

 Perform sensitivity and subgroup analyses if appropriate 

and possible 

 Prepare a structured report 



Outcome 

Discrete 

(event) 

Continuous 

(measured) 

 Odds Relative Risk 

 Ratio Risk Difference 

 (OR) (RR) (RD) 

 Mean Standardized 

Difference Mean Difference 

 (MD) (SMD) 

Overall Estimate Overall Estimate 

(Basic Data) (Basic Data) 



P1 = event rate in experimental group 

                  P2 = event rate in control group 

 

 

 OR = Odds ratio = P1/(1-P1)/[P2/(1-
P2)] 

 RD = Risk difference = P2 - P1 

 NNT = No. needed to treat 
 = 1 / (P2-P1) 

 

 

  

 



Discrete - Odds Ratio (OR) 

 Event No event 

Experimental a b ne 

 

Control c d nc 

Odds:   

 

 

Odds ratio: = 

           

  

Pe=a/ne Pc=c/nc 

number of patients experiencing event 

number of patients not experiencing event 

 

 Odds in Experimental group a.d  

 Odds in Control group b.c 

 

 



Event No Event Total 

experimental 13 33 46 

control 7 31 38 

Odds (E) = 

Odds (C) = 

OR= 

13/33 = 0.394 

7/31 = 0.226 

0.394/0.226 = 1.743 



Event No Event Total 

experimental 14 119 133 

control 128 20 148 

Odds (E) = 

Odds (C) =  

OR= 

14/119 = 0.118 

128/20 = 6.4 

 0.118/6.4 = 0.018                                 

 



Discrete - Relative Risk (RR) 

 Event No event 

Experimental a b ne 

 

Control c d nc 

Pe=a/ne Pc=c/nc 

Risk:   

 

 

Risk Ratio:  

           

  

number of patients experiencing event 

number of patients 

 

 Risk  in Experimental group   

 Risk  in Control group  

 

RR= Pe/Pc= a(c+d)/(a+b)c 



Event No Event Total 

experimental 13 33 46 

control 7 31 38 

Risk (E) = 

Risk (C) =  

RR= 

13/46 = 0.283 

7/38 = 0.184 

 0.283/0.184 = 1.538 



Risk (E) = 

Risk (C) =  

RR= 

Event No Event Total 

experimental 14 119 133 

control 128 20 148 

14/133 = 0.105 

128/148 = 0.865 

 0.105/0.865 = 0.121 



Discrete - Risk Difference 

(Absolute Risk Reduction) 

 Event No event 

Experimental a b ne 

 

Control c d nc 

Pe=a/ne Pc=c/nc 

Risk:   

 

 

Risk Difference:  (Risk in experimental group) – (Risk in Control Group)

  

           

  

number of patients experiencing event 

number of patients 

RD= Pe- Pc= a/(a+b) – c/(c+d) 



Event No Event Total 

experimental 13 33 46 

control 7 31 38 

Risk (E) =  

Risk (C) =  

RD= 

13/46 = 0.283 

 7/38 = 0.184 

 0.283 - 0.184 = 0.099 



Risk (E) = 

Risk (C) = 

RD= 

Event No Event Total 

experimental 14 119 133 

control 128 20 148 

14/133 = 0.105 

128/148 = 0.865 

0.105 - 0.865 = -0.76 



 NNT :the number of people we need to treat to 
prevent one extra person from having the event 

 

 NNT is the inverse of the risk difference: 

NNT = 1 / risk difference 

 

 NNTs are specific to the particular length of 
follow up 



OR = 1.743 

RR = 1.538 

RD =  0.099 

NNT = 

Event No Event Total 

experimental 13 33 46 

Control 7 31 38 

1/0.099 = 10.1 



OR = 0.018 

RR = 0.121 

RD = -0.76 

NNT = 

Event No Event Total 

experimental 14 119 133 

Control 128 20 148 

1/0.76 = 1.316 

 



OR vs RR 

Odds Ratio ≈ Relative Risk if event occurs infrequently  

             (i.e. a and c small relative to b and d) 

RR =  a(c+d)/(a+b)c ≈ ad/bc =  OR 

Odds Ratio > Relative Risk if event occurs frequently 

RD vs RR 

When interpretation in terms of absolute difference is better 

than in relative terms (eg. Interest in absolute reduction in 

adverse events) 

Association OR  RR  RD 

 (0,) (0,) (- 1,1) 

‘Decreased’ <1 <1 <0 

 None 1 1 0 

‘Increased’ >1 >1 >0 



 Communication, i.e. a straightforward and clinically 
useful interpretation 

 

 Consistency of the statistic across different studies 

 

 Reasonable mathematical properties. 

 

Consider when choosing a summary 

statistic: 

 



OR RR RD 

Communication - + ++ 

Chemistry + + - 

Mathematics ++ - - 



 Absolute measures can be more informative 
than relative measures because they reflect the 
baseline risk as well as the change in risk with 
the intervention. 

 

 obtaining confidence intervals for absolute 
measures are problematic. 

 

 

 



 Remember that NNT is useful for presenting 
results, but not for analysis purposes. The 
other three statistics (OR, RR, RD) can be used 
for either. 



Outcome 

Discrete 

(event) 

Continuous 

(measured) 

 Odds Relative Risk 

 Ratio Risk Difference 

 (OR) (RR) (RD) 

 Mean Standardized 

Difference Mean Difference 

 (MD) (SMD) 

Overall Estimate Overall Estimate 

(Basic Data) (Basic Data) 



 Number Mean Standard Deviation 
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Mean Difference 

 When studies have comparable outcome measures 
(ie. Same scale, probably same length of follow-up) 

 

 A meta-analysis using MDs is known as a weighted 
mean difference (WMD) 

 

Standardized Mean Difference 

 When studies use different outcome measurements 
which address the same clinical outcome (eg 
different scales) 

 

 Converts scale to a common scale: number of 
standard deviations 



 Clinical diversity 

 Methodological diversity 

 Statistical heterogeneity 

A variety of varieties 



 Study location and setting  
 

 Age, sex, diagnosis and disease severity of 
participants 
 

 Treatments people may be receiving at the 
start of a study 
 

 Dose or intensity of the intervention 
 

 Definitions of outcomes. 



 Sampling error may vary among studies (sample 
size) 

 Study quality (for example, the extent to which 
allocation to interventions was concealed, or 
whether outcomes were assessed blind to 
treatment allocation) 

 Analysis (for example, performing an intention-
to-treat analysis compared with an ‘as treated’ 
analysis) 



 The individual estimates of treatment effect 
will vary by chance, because of randomization. 

 

 We need to know whether there is more 
variation than we’d expect by chance alone. 



 Common sense 

 are the patients, interventions and outcomes in each 
of the included studies sufficiently similar 

 

 Statistical tests 

How to Identify it: 



 Using a different statistical model for 
combining studies, called a random effects 
meta-analysis. 

 Investigate heterogeneity by splitting the 
studies into subgroups and looking at the 
forest plot. 

 Investigating heterogeneity using meta-
regression. 

 

 

With diversity and heterogeneity 



 

 Fixed effects model (FEM) 

 

 Random effects model (REM) 

 

For Calculating overall effects 



 Require from each study  

 effect estimate; and 

 standard error of effect estimate 

 Combine these using a weighted average: 

 pooled estimate = 

 where weight     =   1 / variance of estimate 

 Assumes a common underlying effect behind every 
trial 

 

sum of (estimate  weight)   

sum of weights 



x 



 Assume true effect estimates really vary across 
studies 

 Two sources of variation: 
 within studies (between patients) 
 between studies (heterogeneity) 

 What the software does: 
 Revise weights to take into account both components 

of variation: 

 Weight =    

 When heterogeneity exists we get  
 a different pooled estimate (but not necessarily) with 

a different interpretation 
 a wider confidence interval 
 a larger p-value 
 

1 

Variance + heterogeneity 



x 



Larger studies receive proportionally less 

weight in RE model than in FE model 



Thus, 
Random-effect model is more susceptible 
to publication bias. 



Methodologic choices in dealing with ‘heterogeneous’ 
data 



 For each trial 
 estimate (square) 

 95% confidence interval (CI) (line) 

 size (square) indicates weight allocated 

 Solid vertical line of ‘no effect’ 
 if CI crosses line then effect not significant (p>0.05) 

 Horizontal axis 
 arithmetic: RD, MD, SMD 

 logarithmic: OR, RR 

 Diamond represents combined estimate and 95% 
CI 

 Dashed line plotted vertically through combined 
estimate 













Fixed Effects 

Random Effects 

Fixed vs Random Effects:  

Discrete Data              



http://pmj.bmjjournals.com/content/vol78/issue917/images/large/01374.f1.jpeg


 Well formulated question 

 Comprehensive data search 

 Unbiased selection and extraction  process 

 Critical appraisal  of data 

 Synthesis of data 

 Perform sensitivity and subgroup analyses if 
appropriate and possible 

 Prepare a structured report 

Steps  



 Subgroup analyses 

 subsets of trials 

 subsets of patients 

 subgroups should be pre-specified  
to avoid bias 

 

 Meta-regression 

 relate size of effect to characteristics of the trials 



Exploring Heterogeneity 

subgroup analysis 



 

 Perform a narrative, qualitative summary when 
data are too sparse, of too low quality or too 
heterogeneous to proceed with a meta-
analysis 



 

 



1. Selection biases 

• Publication bias 

• Location biases 

1. Language bias 

2. Citation bias 

3. Multiple publication bias 

2. Poor methodological quality of smaller studies 

1. Poor methodological design 

2. Inadequate analysis 

3. Fraud 

3. True heterogeneity 

• Size of effect according to study size (for example, due to 

differences in the intensity of interventions or differences in 

underlying risk between studies of different sizes) 

4. Artefactual 

5. chance 



 

 Scatter plot of effect estimates against sample size 

 Used to detect publication bias 

 

 If no bias, expect symmetric, inverted funnel 

 

 

 

 If bias, expect asymmetric or skewed shape 

                x 

            x      x 

        x     x     x 

x  x   x       x    x  x 

                x 

             x     x 

               x  x   x 

                  x    x  x    x 

Suggestion of missing small studies 



In the absence of bias. smaller studies without 

statistically significant effects are shown as open 

circles in the figure. 



In the presence of reporting bias 



In the presence of bias due to low methodological 

quality of smaller studies. 



Any Question?! 


