
Patrick Henry announcing his discovery of the meta-analysis 
at the first Congress of Small Studies, March 1799 

A brief history of the meta-analysis: 
“United we stand, divided we fall” 
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Today’s case study 

� Ms. Smith is a 32 year old healthy 
woman who works as a computer 
programmer 

� She is physically active and jogs or 
uses a treadmill 30 to 45 minutes 
per day at least 4 days per week 
(8 METs X 3 hours = 24 
METs/week) 

� Is this level of physical activity 
sufficient to counter any adverse 
effects of her sedentary job? 
� Yes 
� No, she needs to increase it 
� No, she needs a new job 
� Wait, I have a better idea 
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Or perhaps something more realistic 
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But if I’m already running 3 hours a week! 
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Really? 



Here’s the author’s answer to our question 



Were you expecting to see the results of an RCT? 
Or this? 



To understand these results we’ll need to learn the language 
of meta-analysis (pooled effect size, heterogeneity, I2, Q) 



Systematic review  

Studies 
(the good, the bad and the ugly) 

Systems 

Guidelines 

Where does meta-analysis fit in? 
A meta-analysis is a systematic review which uses quantitative 

techniques to summarize results across comparable studies  

Decision support tools 
(including computer-based) 

Integrated evidence addressing multiple 
questions about a single condition 

Summarizes multiple studies 
addressing a single question 

Individual studies, including 
randomized controlled trials 



The four “A’s” of meta-analysis 
Ask, assemble, aggregate and apply 

    Aggregate 

By calculating a pooled 
estimate of effect size 

IF combining the 
studies is appropriate 

A focused, relevant 
clinical question 

Ask Assemble 

“All” credible, relevant 
evidence and summarize 
each study’s result with a 
shared measure of effect 

Apply appropriately to the right 
patient at the right time 



Given an appropriate question we’ll begin by assembling  
and grading “all” the relevant, valid information 

    Aggregate 

By calculating a pooled 
estimate of effect size 

IF combining the 
studies is appropriate 

A focused, relevant 
clinical question 

Ask 

Apply appropriately to the right 
patient at the right time 

Assemble 

“All” credible, relevant 
evidence and summarize 
each study’s result with a 
shared measure of effect 



Of 21,005 potentially relevant studies, only 13 met 
selection criteria for inclusion in the meta-analysis 

108 screened 

13 all-cause mortality 

21,005 identified 

41 included 



Low 

Very low 

High 

Moderate 

Low 

Very low 

Unlikely to change level of 
confidence in estimate of effect 

Likely to have important 
impact; may change estimate 

Very likely to have important 
impact; change to estimate likely 

Any estimate of effect 
is very uncertain 

*Grading of Recommendations, Assessment, Development and Evaluations 

Additional research 

Quality of Evidence 

Included studies need to make the GRADE* 
GRADING is based on consideration of factors which  may 

increase or decrease our confidence in a study’s conclusion 



Low 

Very low 

High 

Moderate 

Low 

Very low 

� Effect size is of 
large magnitude 

� Any plausible bias 
would decrease 
magnitude of 
effect size 

� Dose-response 
gradient 

Quality of Evidence 

Some factors indicate  increasing study quality 
while others reduce our assessment of a study’s quality 



� Imprecision of 
estimates (wide CI’s) 

� Evidence indirect or 
not generalizable 

� Inconsistency of results 
(heterogeneity) 

� Study limitations 

� Publication bias 
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Very low 

� Effect size is of 
large magnitude 

� Any plausible bias 
would decrease 
magnitude of 
effect size 

� Dose-response 
gradient 

Quality of Evidence 

Some factors indicate  increasing study quality 
while others reduce our assessment of a study’s quality 



Here are the 13 high quality studies we selected for inclusion 
But what about those that we never identified in the first 

place - could our search have missed something important? 



Some studies are at higher risk of being missed than others – 
we care because their omission could affect our meta-analysis 

� Studies that have never been 
published are, of course, at 
highest risk of being missed – this 
is the “file drawer problem” 

� And the studies most likely to 
remain in a file drawer are those 
with negative results and/or 
those whose sample size is small 

� It is the omission of these studies 
which can introduce publication 
bias into a meta-analysis 

� To investigate the possibility of 
missing studies we plot the study 
results according to the precision 
of their estimates (which closely 
follows sample size) 
 

Missing? 



Less precise 
(smaller study) 

More precise 
(larger study) 

In theory, a plot of “all possible studies” would look like this 

Favors 
treatment 

Favors 
control 

Study result 

� Estimates based on small 
sample sizes are more subject to 
random error than are those 
derived from larger studies 

� The estimates derived from 
smaller studies will therefore be 
less precise and more variable 
than those of larger studies 

�  The results of the smaller 
studies will therefore tend to 
cluster towards the bottom of 
our “precision plot” 

� Conversely, the results of the 
more precise, less variable larger 
studies will be found at the top 
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In theory, a plot of “all possible studies” would look like this 
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Which takes us to the famous funnel plot 

� When the results for all studies 
are plotted according to the 
precision of their estimates (low 
to high) we should expect their 
distribution to resemble a funnel 

� The smaller (more variable) 
studies will fill the funnel’s 
broad base while the larger (less 
variable) studies define its neck 

� In this perfect world the meta-
analytic pooled estimate will 
“exactly match” the true 
underlying study effect 

� We have an unbiased estimate 
of the true effect size 

Study result 
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Missing study result 

However, any search will inevitably miss some studies - 
the question becomes “why did we miss them?” 

� Here we observe no systematic 
pattern to explain the omission of 
some but not other studies 

� As long as our study set is a 
random sample of “all possible 
studies” it will still provide us an 
unbiased estimate of the true size 
of the underlying effect (the 
estimated pooled effect size) 

� But what if study omission is not a 
random occurrence?  

Study result 
“True” effect 
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This pattern of missing studies does not at all 
appear to be random - what do you notice? 

� The studies which are missing tend 
to be those which are smaller and 
whose results are “negative” 

� The non-random omission of 
studies is termed publication bias 
and may arise from the file drawer 
problem or other external 
influences on decision-making 

� In this situation our pooled 
estimate will be drawn towards 
the remaining, more positive, 
studies – our pooled estimate will 
be biased towards the positive 

� The potential for publication bias is 
addressed in every meta-analysis 

Unbiased 
estimate 
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Less precise 
(smaller study) 

More precise 
(larger study) 

Favors 
control 

Missing study result 

Study result 
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Meta-analysis result 

Meta-analysts have multiple methods to assess publication 
bias - one “tip off” is the distorted shape of the funnel plot  

� The funnel plot will display 
asymmetry – the neck will be 
relatively unaltered since larger 
studies are more likely to be 
published and thus retrieved  

� However the base will be skewed 
towards the positive since it is the 
small and negative studies which 
are less likely to ever be published 

� Meta-analysts rely upon and 
report more formal assessments of 
publication bias which are beyond 
our scope (for example, Egger 
regression and “trim and fill”). 

Biased 
estimate 



Here’s an example – the apparent omission of small 
studies reporting increased risk will lead to an 
underestimate of the true testosterone hazard 

? 

Risk reduction Risk increase Odds ratio 
1 



Publication bias is of more than just theoretical concern 
This report noted that “negative” studies of 

antidepressant drugs were much less likely to be 
published than were positive studies (33% versus 97%) 



While a funnel plot is not presented for our meta-analysis the 
authors do acknowledge the likelihood of publication bias 



Recognizing this limitation, we now assemble the 
studies to be included in the meta-analysis so 

we’ll be able to summarize their results 

    Aggregate 

By calculating a pooled 
estimate of effect size 

IF combining the 
studies is appropriate 

A focused, relevant 
clinical question 

Ask 

Apply appropriately to the right 
patient at the right time 

Assemble 

“All” credible, relevant 
evidence and summarize 
each study’s result with a 
shared measure of effect 



Study 

4 

6 

7 

3 

5 

2 

1 

Study result 

We first translate each study’s result into a shared measure 
of effect size (e.g., odds ratio) and then plot the results 

No effect Favorable Unfavorable 
1 5 0.2 Odds ratio 

Individual study 
(effect size and 95% CI) 

� Each study’s estimate of effect 
size and surrounding 95% CI is 
plotted according to magnitude 

� The resulting graph is called a 
forest plot because it is said to 
resemble a “forest” of lines 

� The total variation across the 
studies represents uncertainty 
about each point estimate plus 
any other systematic differences 
between the studies themselves 

� If appropriate, the results of the 
studies are combined (pooled) 
to provide a summary estimate 
of the effect that underlies all of 
the studies (pooled effect size) 



� Each study’s estimate of effect 
size and surrounding 95% CI is 
plotted according to magnitude 

� The resulting graph is called a 
forest plot because it is said to 
resemble a “forest” of lines 

� The 95% CI surrounding each 
point estimate describes the 
imprecision (uncertainty) in 
each study’s individual result 
(intra-study variation) 

� In addition we also note that 
there are differences between 
individual study results – this is  
termed inter-study variation 

Study 

4 

6 

7 

3 

5 

2 

1 

Study result 

No effect Favorable Unfavorable 
1 5 0.2 Odds ratio 

Individual study 
(effect size and 95% CI) 

We first translate each study’s result into a shared measure 
of effect size (e.g., odds ratio) and then plot the results 



� Intra-study variation is like size 
differences among apples – 
they’re all still apples albeit it of 
different sizes 

� Inter-study variation is about 
comparing apples with oranges 
– even if they share some 
characteristics (e.g., are of 
similar sizes) they nevertheless 
fundamentally differ and should 
not be combined 

� As we’ll see in our next session, 
the decision to pool the study 
results will depend on the 
balance between intra and inter-
study sources of variation 

Study 

4 

6 

7 

3 

5 

2 

1 

No effect Favorable Unfavorable 
1 5 0.2 Odds ratio 

Individual study 
(effect size and 95% CI) 

The pooling decision is another apples and oranges question – 
are the studies similar enough to justify their combination? 
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The pooling decision is another apples and oranges question – 
are the studies similar enough to justify their combination? 

Pooled effect* 

* Indicated by a diamond which centers on the point 
estimate and whose width represents the CI. 



Before consideration of the pooling decision let’s 
first take a closer look at the individual study results 



Now you get to go beyond looking – 
time to talk 

� How many studies report a positive association (HR>1 
indicating increased risk of all-cause mortality with higher 
sedentary time)? 

� What do the 95% CI’s surrounding these estimates tell us? 
� What do the p-values associated with each estimate tell us? 
� How many studies report “statistically significant” results? 
� How do you interpret this set of results? 
� If we were to try to summarize the HR across all the studies 

what might you predict as the “pooled” HR – would you 
expect its 95% CI to be about the same, broader or narrower 
than those observed for the individual studies? 



Here’s a summary of the results and talking points 

 
� Positive association 
� 95% CI’s 
� p-values 
� Statistically significant 
� Interpretation 
� Your summary estimate 



And where did all your talk get you? 

� HR>1 for 12 of 13 
� 95% CI = “plausible” range of 

estimates 
� p-value = probability observing a 

result this extreme or more so 
by chance alone when there is 
no true effect (H0 is true) 

� 11 of 13 “statistically significant” 
with threshold set at <0.05 

� Sedentary time increases risk 
independent of activity 

� HR about 1.2, narrower 95% CI 



Today’s objectives in review 

� What is a meta-analysis? 9 Systematic, quantitative 
review of multiple 
comparable studies 
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Today’s objectives in review 

� What is a meta-analysis? 9 Systematic, quantitative 
review of multiple 
comparable studies 

� How are studies assembled? 9 Comprehensive search and 
selection of high quality 
studies with extraction of 
shared measure of effect 
(estimate, 95% CI, p-value) 

� What is publication bias? 9 Selection omission of 
unavailable studies with 
small or negative results 
which biases meta-analytic 
estimate of shared effect 



And what we’ll talk about next time – 
how we make the pooling decision and results for all-
cause and CVD-specific mortality, cancer and diabetes 

Pooled effect 
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