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Evidence-Based Medicine



Type of studies
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 Primary study

 Secondary studies

 Review article (Narrative/Traditional review)

 Systematic review

 Meta-analysis



Narrative vs systematic review

Narrative

Many questions

 No search methods

 No inclusion criteria

 No combining studies

 Prone to random and 

systematic error

 Provide conflicting 

summaries

Systematic

One question

 Explicit search

 Explicit inclusion criteria

 Combine study results

(meta-analysis)
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Professor Paul Knipschild has described how Nobel prize winning biochemist 

Linus Pauling used selective quotes from the medical literature to "prove" his 

theory that 

“vitamin C helps you live longer and feel better”

When Knipschild and his colleagues searched the literature systematically for 

evidence 

“They found that”
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Key Characteristics of Systematic Reviews
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 Features that distinguish a systematic review from a 

review article

 Clearly stated title and objectives 

 Comprehensive strategy to search for relevant studies 

(unpublished and published)

 Explicit and justified criteria for the inclusion or exclusion 

of any study

 Clear presentation of characteristics of each study included 

and an analysis of methodological quality

 Synthesis of findings



Meta-analysis

12

 “Meta-analysis is a statistical technique for combining

the results of independent, but similar, studies to obtain

an overall estimate of treatment effect.”

 “While all meta-analyses are based on systematic review

of literature, not all systematic reviews necessarily

include meta-analysis.”



Type of meta-analysis
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Information Resources for systematic review



Information Resources

Print Materials
Book-, thesis, paper. J …

Electronic Materials
Database, E. J …

 Journals & Papers

 Indexes 

 Dissertations & Thesis

 Abstracts of Seminars

 Books & Booklets



Information Resources

www.civilica.com• Local Data

www.magiran.com

www.barakatkns.com

www.sid.ir

www.pubmed.com•International Data

www.scopus.com

www.wos.org



Bibliographic database

A bibliographic or library database is a collection 

of bibliographic information. 

May contain information about papers, books and 

other materials held in a library.



Databases

 General Databases

(Comprehensive OR Core Databases)

 Specialized Databases

(Subjects Specified Databases)



General Databases

(Comprehensive OR Core Databases)

 Medical Sciences

 Medline

 Embase

 Scopus

 All Sciences

 Web of Sciences



Specialized Databases

(Subjects Specified Databases)

 Biological Abstracts

 International Pharmaceutical Abstract

 PsychInfo

 CINAHL

 Chemical Abstracts

 Agricola

 Econlite



Citation Databases

Web of Science

Scopus

Google Scholar

 (http://scholar.google.com)



Electronic Journals & Collection

 Elsevier Science

 Ovid (LWW)

 Wiley InterScience (Included old Blackwell 
Science)

 Springer

 Oxford university Press

 Thieme

 Proquest

 Ebsco
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Journal Access
24

 Open Access
 Free access to reader

 Online accessibility

 Payment by Authors 

 Short review process

 Close Access
 Famous/rich history

 IF index

 Payment by readers/organization

 Long review process (payments)
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Search Techniques
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? Wildcard: replaces a character anywhere in a word, except the 
first character.

 Wom?n finds woman and women

 except the first character

Star ads Question mark



Truncation

 For singular, plural or word-roots findings.

 Examples:

child* will retrieve children, childhood, childlike

adolescen* will retrieve adolescent, adolescence, adolescently

derm* will retrieve dermal, dermatitis, dermatology, dermoid, 
dermatologist, dermatopathologist, …

 Be very careful of small word roots when looking for plurals…

cat*                                  rat*

catastrophe                     rational

cataract                           ratify

category ratio

Rather use:    (cat OR cats)                   (rat OR rats)



Searching Technics (Elsevier & Scopus Only)

 There are two options for searching a phrase: 

 Loose phrase search – double quotes “ “

 Exact phrase search – single quotes ‘ ‘ Or  Curly Brackets { }

 Loose phrase search – enclose in double quotes

 Will search for documents where the words are adjacent to each other

 Does not insert the AND operator

 Will ignore punctuation, e.g, hyphens or apostrophes, 

 e.g., “heart-attack” will find docs with and without the hyphen

 “C++”  or “C” will find the same results

 Exact phrase search – enclose in single quotes

 Stop words, punctuation, special characters and wildcards are searched 

 ‘C++’ will only return docs with this exact character combination

 ‘C’ will return different results

 Searching for quotation marks requires a \ before the actual quotation mark   \’best practice\’ 
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Registrations
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Cochrane collaboration

www.cochrane.org
33

http://www.cochrane.org/


Archie Cochrane (1990-1988)

Scottish physician & epidemiologist
34



The Cochrane collaboration
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The Cochrane review groups

53 groups worldwide
36
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Preparing a Systematic review42



Steps in conducting a systematic review

43



Step 1: objective
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Step 1: objective
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Step 1: objective
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Step 2: inclusion & exclusion criteria

47

• P

• Population, Patient, Problem

• I

• Intervention/Indicator/Exposure

• C

• Comparison

• O

• Outcome

• S

• Study design



Does hand washing among healthcare workers reduce 

hospital acquired infections?

48

 P (Problem or Patient or Population): hospital acquired 

infection/ healthcare workers 

 I (intervention/indicator) : hand washing

 C (comparison): no hand washing; other solution; masks

 O (outcome of interest): reduced infection



Effect of Alcohol on Stroke 
49

 P: both men and women in any age

 I: Alcohol

 C: no drinker 

 O: Stroke

 T: without restriction

 S: observational studies (case-control and cohort) 



Step 2: inclusion & exclusion criteria
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Step 2: inclusion & exclusion criteria
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Step 2: inclusion & exclusion criteria
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Step 2: inclusion & exclusion criteria
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Step 2: inclusion & exclusion criteria
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1) P: Term [title/abstract] OR Term [Mesh]

2) I: Term [title/abstract] OR Term [Mesh]

3) C: Term [title/abstract] OR Term [Mesh]

4) O: Term [title/abstract] OR Term [Mesh]

 1 AND 2 AND 3 AND 4
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Step 3: Search Methods
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61

1. alcohol drinking [Title/Abstract] OR alcohol drinking [MeSH Terms] (6280)

2. alcohol drinking habit [Title/Abstract] OR alcohol drinking habit [MeSH Terms] (6010)

3. alcohol consumption [Title/Abstract] OR alcohol consumption [MeSH Terms] (8752)

4. 1 OR 2 OR 3 (8966)

5. Stroke [Title/Abstract] OR Stroke [MeSH Terms] (45277)

6. cerebrovascular accident [Title/Abstract] OR cerebrovascular accident [MeSH Terms] 
(20351)

7. Apoplexy [Title/Abstract] OR Apoplexy [MeSH Terms] (20299)

8. 5 OR 6 OR 7 (45734)

9. 4 AND 8 (287)
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Time and Language
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Step 3: Search Methods
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Step 3: Search Methods

Effect of vitamin D supplement on hypertension
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Import your search result in EndNote 
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Step 3: Search Methods
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Step 3: Search Methods



Step 4: Study Selection
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Step 4: Study Selection
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Step 4: Study Selection 



Step 5: Data extraction
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Step 5: Data extraction
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Step 6: Assessment of Methodological Quality

80
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 Critical Appraisal Skills Program (CASP) checklist 
1. Observational study

2. RCT

3. Systematic reviews

 Quality assessment checklist 
1. Cross sectional: newcastle-ottawa scale (nos)

2. Observational: STROBE

3. RCT: Cochrane Risk of Bias Tool 

4. SR: ROBIS tools



PRISMA
82

 PRISMA is an evidence-based minimum set of items for reporting in

systematic reviews and meta-analyses. PRISMA focuses on the reporting

of reviews evaluating randomized trials, but can also be used as a basis for

reporting systematic reviews of other types of research, particularly

evaluations of interventions.
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TITLE 

Title 

ABSTRACT 

Structured summary 

INTRODUCTION 

Rationale 

Objectives 

METHODS

Protocol and registration 

Eligibility criteria 

Information sources 

Search 

Study selection 

Data collection process 

Data items 

Risk of bias in individual studies 

Summary measures 

Synthesis of results 

Risk of bias across studies 

Additional analyses 

RESULTS 

Study selection 

Study characteristics 

Risk of bias within studies 

Results of individual studies 

Synthesis of results 

Risk of bias across studies 

Additional analysis 

DISCUSSION 

Summary of evidence 

Limitations 

Conclusions 

FUNDING 

Funding 
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


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Step 6: Assessment of Methodological Quality
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Step 6: Assessment of Methodological Quality

Low Risk

High Risk

Unknown 
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Step 6: Assessment of Methodological Quality
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Step 6: Assessment of Methodological Quality
Risk of bias graph
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Step 6: Assessment of Methodological Quality
Risk of bias summary
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Step 7: Measure of Treatment/ Risk Effect
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Step 7: Measure of Treatment/ Risk Effect
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Step 8: Data Synthesis
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Also Note Biases

 Publication Bias

 Fulltext Bias

 Language Bias

 Database Bias

 …

 …



Publication Bias

 “Publication bias refers to the greater likelihood 

that studies with positive results will be published”

 JAMA 2002;287:2825-2828



Publication Bias

 Positive trials are more likely to be submitted for 

publication

 Positive trials are more likely to be published

 Positive trials are more likely to be published 

quickly

 Stern and Simes BMJ 1997;315:640-645



Publication Bias

• Sterling study: 97% of papers published in 4 
psychology journals showed statistically significant 
results at alpha level 5% !

• Dickersin study: compared published RCTs with 
unpublished ones .results:55%pub,15% unpub, 
favoring new therapy!

• Mahoney stuD:75 reviewers asked to review 
different versions of a fictitious manuscript. 
”introduction” & ”methods” : identical, ”results” & 
“discussion” : different (+/ambiguous /-). results of 
reviewers evaluation : manuscripts with “positive” 
results received higher average scores!



Publication Bias

 1)…if they had reached sig.

 2) positive result

 3) interesting results for both reviewers & authors!

 4) language bias (ENG) in being included in a 

meta-analysis.



How to Bypass Publication Bias

 Searching Libraries for Thesis & Research Reports

 Searching Registries

 Searching Grey Literature

 Searching especial Journals like: 

“Journal of Negative results in Biomedicine”



Meta Analysis
100
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Software



What is Meta Analysis?
102

 Meta-analysis is a statistical technique for combining the

results of independent, but similar, studies to obtain an overall

estimate of treatment effect.

 While all meta-analyses are based on systematic review of

literature, not all systematic reviews necessarily include meta-

analysis.

 Meta-analysis is a weighted mean. More weighting given to

precise studies.



Blood Pressure
103

 BP mean in Tehran: 120

 BP mean in Shiraz: 130

Simple mean: 120 + 130 / 2 = 125

 Is it true?? 
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 Mathematic score = 10
weight : 2

 Chemistry = 15
weight : 2

 Physic = 20
weight : 4

Simple mean: 10+15+20 / 3 = 15

Weighted mean: ((10*2) + (15*2) + (20*4))/8 = 16.25



Weighted Mean: ∑ (wi * mean) / ∑wi

105

Study1 Study2 Study 3 Total 

Sample 20 10 10 40

Mean 120 125 127 -

Weight 50% 25% 25% 100

Wi = 1/ Variance

Variance = 1/ sample size
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 Population: 1000; LC: 100  Prevalence: 10%; variance: 0.009

 Population: 10000; LC: 1000  Prevalence: 10%; variance: 0.003

 Population: 100000; LC: 10000  Prevalence: 10%; variance: 0.0009

Large sample size  get more weight 



Point Estimation and Precision

107

Census VS Sampling

Parameter  = Population

Statistics = Sample

Statistics Precision: CI; SE

The age- and sex-standardized prevalence of any type cataract was 57.64% (95% CI: 

54.57 to 60.66).

Mean (SE) of BP in woman was 135 (0.0124) 



Odds Ratio and Risk Ratio

108

 1000 smoker  500 lung cancer

 1000 non-smoker  200 lung cancer

 a = exposure+ & outcome+

 b = exposure+ & outcome-

 c = exposure- & outcome+

 d = exposure- & outcome-

 Odds in smoker = (number of event/ number of no-event) OR (a/b) = 500/500 = 1

 Odds in non-smoker = (number of event/ number of no-event) OR (c/d) = 200/800 = 0.25

 Odds ratio = Odds in smoker / Odds in non-smoker OR (a/b)/ (c/d) = 1/0.25= 4

 OR = (a/b)/ (c/d) = (a*d) / (b*c) = (500 * 800) / (200*500) = 4

exposure Lung cancer

Yes No

Smoker 500 (a) 500 (b)

Non-smoker 200 (c) 800 (d)



Odds Ratio and Risk Ratio

109

 1000 smoker  500 lung cancer

 1000 non-smoker  200 lung cancer

 a = exposure+ & outcome+

 b = exposure+ & outcome-

 c = exposure- & outcome+

 d = exposure- & outcome-

 risk in smoker = (number of event/ total number of smoker) OR (a/a+b) = 500/1000 = 0.5

 risk in non-smoker = (number of event/ total number of non-smoker) OR (c/c+d) = 200/1000 = 0.2

 risk ratio = risk in smoker / risk in non-smoker OR (a/a+b) / (c/c+d) = 0.5/0.2= 2.5

exposure Lung cancer

Yes No

Smoker 500 (a) 500 (b)

Non-smoker 200 (c) 800 (d)
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 OR & RR > 1  exposure is risk factor

 OR & RR = 1  exposure have no effect

 OR & RR < 1  exposure is protective factor

 the odds of lung cancer were 4 times higher in smoker compared non-smoker

the odds ratio between the smoking and  lung cancer was 4

 the risk of lung cancer were 2.5 times higher in smoker compared non-smoker

the risk ratio between the smoking and  lung cancer was 4



Standard error and CI
111

 SE of Prevalence 
𝑝𝑞

𝑛

 95% CI: prevalence ± (1.96 *  
𝑝𝑞

𝑛
)

 SE of Mean 
𝑠

𝑛

 95% CI: Mean ± (1.96 * 
𝑠

𝑛
)

 SE of Mean difference
𝑠2

𝑛
+

𝑠2

𝑛

 95% CI: Mean difference ± (1.96 *
𝑠2

𝑛
+

𝑠2

𝑛
)
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SE (log(RR)) =

Standard error and CI
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 Prevalence of diabetic in participants was 15% (95% CI: 12 to 17)

 Mean of BP woman was 129 mmHg (95% CI: 121 to 135)



Zero and Alternative hypothesis

115

Association between gender and BP Iran

H0  mean of BP in women = mean of BP in men

H1 mean of BP in women ≠ mean of BP in men

Mean of BP in 100 woman was 110 ± 16 

Mean of BP in 100 man was 113 ± 11

Mean Difference (SE): -3 ± 1.94 (-6.88 to 0.88)

 p>0.05



Zero and Alternative hypothesis

116

Association between smoking and LC Iran

H0  Odds/Risk in smoking = Odds/Risk in non-smoking 

H1 Odds/Risk in smoking ≠ Odds/Risk in non-smoking 

OR/RR = 1.6 (95% CI: 0.9 to 2.2)
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 What is need to extract in studies?

 For main pooling

 Point estimation (mean, prevalence, OR, RR, HR) and its dispersion (SE & 

CI)

 For complementary analysis

 Age, sex, year and etc…
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Data Synthesis- Forest Plot
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Data Synthesis- Forest Plot
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Step 8: Data Synthesis- Forest Plot
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Step 8: Data Synthesis- Forest Plot
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Step 8: Data Synthesis- Forest Plot
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Data Synthesis
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HIV knowledge

 Fist study: 44%

 Second study: 4.13%

 Third study: 16.2%

What is Pooled Estimate?

 Are the observed estimations are consistent among the  included studies? (if not, 

why?)

 Is a statistical combination of individual effects is feasible?

Fist study was done in addict

Second study was done in primary student 

Third study was done in housekeeper woman



125
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fixed-effect model

• Under the fixed-effect model we assume that there is one true

effect size (hence the term fixed effect) which underlies all the

studies in the analysis, and that all differences in observed

effects are due to sampling error.

• While we follow the practice of calling this a fixed-effect model,

a more descriptive term would be a common-effect model.

• In either case, we use the singular (effect) since there is only one

true effect.
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Data Synthesis

Variation Source: Sampling Error
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random-effects model

 By contrast, under the random-effects model we allow that the true effect
could vary from study to study. Because studies will differ in the mixes of
participants and in the implementations of interventions, among other reasons,
there may be different effect sizes underlying different studies.

 If it were possible to perform an infinite number of studies (based on the
inclusion criteria for our analysis), the true effect sizes for these studies would
be distributed about some mean. The effect sizes in the studies that actually
were performed are assumed to represent a random sample of these effect
sizes (hence the term random effects).

 Here, we use the plural (effects) since there is an array of true effects.
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Data Synthesis

Variation Source: Sampling Error + 

between difference variation
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Random-effects model – between-study 

and within-study variance

• The parameter т2 (tau-squared) is the between-studies variance (the variance of
the effect size parameters across the population of studies).

• In other words, if we somehow knew the true effect size for each study, and
computed the variance of these effect sizes (across an infinite number of
studies), this variance would be т2.
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Data Synthesis
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т2 (tau-squared) estimation 
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Data Synthesis
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Data Synthesis



Fixed E VS random Es
134

 Under the fixed-effect model there is a wide range of weights (as reflected in the size of the boxes) 

whereas under the random-effects model the weights fall in a relatively narrow range.

 Under the fixed-effect model Donat is given about five times as much weight as Peck. Under the random-

effects model Donat is given only 1.8 times as much weight as Peck.

 The operating premise, as illustrated in these examples, is that whenever т2 is nonzero, the relative 
weights assigned under random effects will be more balanced than those assigned under fixed 
effects. 

 As we move from fixed effect to random effects, extreme studies will lose influence if they 
are large, and will gain influence if they are small.

 It follows that the variance, standard error, and confidence interval for the summary 

effect will always be larger (or wider) under the random-effects model than under the 

fixed-effect model (unless T2 is zero, in which case the two models are the same).
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Very large studies under fixed-effect model
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 The first term is identical to that for the fixed-effect model and, again, with a large
enough sample size, this term will approach zero. By contrast, the second term (which
reflects the between-studies variance) will only approach zero as the number of studies
approaches infinity.

 Namely, increasing the sample size within studies is not sufficient to reduce the standard
error beyond a certain point. If there is only a small number of studies, then the standard
error could still be substantial even if the total n is in the tens of thousands or higher.

Fixed: 1000 = 100 k * 10 n is same 1000 = 10 k * 100 n

random: 1000 = 100 k * 10 n isn't same 1000 = 10 k * 100 n
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Random effects

 When the researcher is accumulating data from a series of studies that had

been performed by researchers operating independently, it would be

unlikely that all the studies were functionally equivalent. Typically, the

subjects or interventions in these studies would have differed in ways that

would have impacted on the results.

When studies are gathered from the published literature, the random 

effects model is generally a more plausible match.



Pooling the Data
139

1: Inverse variance weighting

 All estimate  P;OR/RR/MD

 zero event/rare event

SE of Prevalence 
𝑝𝑞

𝑛

CI for rare event 



Odds Ratio

140

1000 smoker  500 lung cancer

1000 non-smoker  0 lung cancer

OR = (a*d) / (b*c) = (500 * 1000) / (0*500) = ???

exposure Lung cancer

Yes No

Smoker 500 (a) 500 (b)

Non-smoker 0 (c) 1000 (d)

exposure Lung cancer

Yes No

Smoker 500.5 (a) 500.5 (b)

Non-smoker 0.5 (c) 1000.5 (d)



Pooling the Data
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2: Mantel – Haenzel Weighting

 Dichotomous

 For small/zero sample size
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Pooling the Data
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3. Peto

 Dichotomous

 For small/Zero sample size
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Assessment of Heterogeneity
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Assessment of Heterogeneity
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Assessment of Heterogeneity
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Assessment of Heterogeneity
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Assessment of Heterogeneity
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Assessment of Heterogeneity



150

Assessment of Heterogeneity
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Assessment of Heterogeneity
Meta-regression
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Assessment of Heterogeneity
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Assessment of Heterogeneity
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Assessment of Heterogeneity
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Assessment of Reporting Biases
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Assessment of Reporting Biases
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Assessment of Reporting Biases
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Assessment of Reporting Biases



161

Assessment of Reporting Biases
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Assessment of Reporting Biases
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Assessment of Reporting Biases
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Assessment of Reporting Biases
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Assessment of Reporting Biases
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Sensitivity Analysis
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Sensitivity Analysis
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Sensitivity Analysis
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Subgroup Analysis
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Subgroup Analysis
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Cumulative Meta-analysis
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Cumulative Meta-analysis
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 heterogi Q df, level(1-a)

 confunnel logθ selogθ, contours(# # #) contcolor(colorname) shadedcontours
solidcontours metric(se|invse|var|invvar) onesided(lower|upper) 

 Metannt

Number Needed to Treat

 meta_lr

likelihood ratio

 Metandi 

sen spe

Metandiplot

 Metap

P-value


