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What is meta-analysis? 

• a way to combine results from different 
studies, using statistical methods 
 

• Improves estimate of treatment effect, or 
other parameters of interest 

 



Define the research question and 
write a protocol 

Conduct literature search 
(preferably 2 independent authors) 

Extract data from studies 

Analyse data using  meta-analysis 
model 

Summarise and interpret data 



Motivating example: depression 
and alcohol disorders 

 
• Depression common in heavy 

drinkers 
 

• Depression improves when 
patients enter addiction treatment 
 

• Common belief that most of the 
depression is alcohol-induced 
therefore antidepressants not 
needed 



Synthesising data via meta-
analysis 

• By how much does 
depression improve? 

• What is the effect of 
antidepressants? 

• What study 
characteristics are 
associated with greater 
improvement in 
depression during 
treatment? 
 
 



PRISMA 

Moher D, Liberati A, Tetzlaff J, Altman DG, et al. (2009) Preferred Reporting Items for 
Systematic Reviews and Meta-Analyses: The PRISMA Statement. PLoS Med 6(7): e1000097. 
doi:10.1371/journal.pmed.1000097 
http://www.plosmedicine.org/article/info:doi/10.1371/journal.pmed.1000097 

http://www.plosmedicine.org/article/info:doi/10.1371/journal.pmed.1000097
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Inclusion criteria 
Studies were chosen according to the following 
criteria: 

1. Studies with longitudinal data on alcohol use 
and depression over 8+ weeks in treatment-
seeking populations, n≥40. 

2. Change in mean score on a validated 
depression scale was reported.  

3. Subjects had a currently active alcohol use 
disorder. 

4. Mean baseline depression score ≥ 10 on the 
Hamilton Depression Rating Scale 



Search strategy 

• MEDLINE, Embase and Cochrane databases, 
searched on 21 June 2013.  

• Search items were alcohol drinking; alcohol-
induced disorder; alcohol-related disorder; 
alcoholics; alcoholism AND depression; 
antidepressive agents 

• English-language publications on subjects aged 
18+ from 1980 onwards were considered.  
 



PRISMA flow chart 

Records identified through searching 
Embase (n=360), MEDLINE (n=467) 
and Cochrane (n=332) databases 

(n =1159) 

Screening 

Identification 

Additional records identified 
through other sources 

 
 (n = 5) 

Records after duplicates removed 
(n =1099) 

Records screened 
(n =1099) 

Records excluded 
(n =967) 



Included 

Eligibility 

Full-text articles assessed for 
eligibility 
(n =132) 

Full-text articles 
excluded 
(n = 110) 

  
Low baseline depression, or 
depressed subjects excluded 

(n=23) 
  

Depression outcomes not  
reported over at least 8 

weeks (n=34) 
  

Sample size <40 (n=8) 
  

Other substance disorder 
patients included (n=9) 

  
Low quality (n=5) 

  
Other reasons (n=31) 

  
  

Studies included in qualitative 
synthesis 
(n = 22) 

Studies included in quantitative 
synthesis (meta-analysis) 

(n = 17) 



Decide on your summary statistic 
  Binary Count Continuous Survival 

Group 
contrasts 

log(RR), 
log(OR),  

RD 

log(IRR),  
IRD 

Mean 
difference 

(raw or 
standardised) 

log(HR), 
log(OR) 

Univariable Proportion 
Incident  

rate 

Mean change 
(raw or 

standardised) 
  

Association 
log(OR), 

phi 
  

Correlation 
coefficient 

  

Presenter
Presentation Notes
The choice of summary statistic is dictated by:Goals of meta-analysis – research questionDesign and types of included studiesInformation provided by included studiesNumber’s 2 and 3 aren’t always obvious until after you have started to collect the data.The natural logs are taken from the ratios (odds, rate, incident rate, hazard) so that they are more normally distributed (unbounded at both ends) and so zero = no effect.Mean difference = difference of group means (as opposed to the mean of the differences in a paired design, which in a before/after design gives the mean change). Other summary statistics are possible. As long as effect estimate and its standard error (variance) are available.



Example 

Use of multiple depression scales  
(BDI, HAM-D, MADRS) 
 
Standardised mean change (Cohen’s d) 
                              

 

 
• NB Swithin usually taken from sample baseline sd 
• Var(d) requires known correlation (r) between baseline (Y1) and follow-

up (Y2) measures. 

Presenter
Presentation Notes
In our depression example, depression has been measured using multiple different scales. Calculate a standardised mean change for each study.The slight positive bias in Cohen’s d can be corrected by converting the estimate to Hedge’s g by:g = d * JVar(g) = Var(d) * J2Where J = (1 – 3/(4(n1 + n2 – 2)) 



Extracting data 

• Ideally, publication reports raw counts or means 
(SDs), or summary effect size estimate (SE). 

• Where SE is not reported, can derive it from CI,  
f or t statistics, or p-values. 

• For repeated measures need correlation (r), or SD 
of change scores. Very often this is not reported. 

• May need to extract data from figures (imprecise). 

• Can impute missing values from similar studies, or 
conduct sensitivity analysis. 



Pooling study data – fixed effects 

– Assumption that all studies are estimating a single 
common effect size.  

– Large studies tend to dominate the analysis 

 
 

e1 

Y1 = ϑ + e1 
ϑ 

                   
 

   
 

Presenter
Presentation Notes
Fixed effect – estimates the assumed common effect. In meta-regression assumes all statistical heterogeneity is explained.                     Provides a descriptive analysis of all studies undertaken. 



Fixed effects model  
Inverse variance method 

        
 

          

 

        
 

1. Calculate ‘inverse 
variance’ weight for 
each study 
 

2. Pool effects by 
taking weighted 
mean 
 

3. Calculate SE for 
pooled estimate 

Presenter
Presentation Notes
Steps for Fixed Effects model1) Calculate weights for each study. The simplest approach is to use the ‘inverse of variance’ for the summary statistic of each study.2) Pooled effects by taking the weighted mean of the individual study effects.3) Calculate the overall standard error for the pooled estimate.This approach can be used for most (all) summary statistics.Other weighting options are available for combining binary outcomes: Mantel-Haenszel summary OR, RR, or RD.Peto’s method ln(OR)



Measuring and interpreting 
heterogeneity 

• Measuring consistency between studies.             
 

 
• Estimating the proportion of variance 

attributable to heterogeneity                   

 

Presenter
Presentation Notes
Study results will differ due to clinical diversity (participants, intervention, and outcomes) and methodological diversity (study design and bias). These two combined form statistical heterogeneity. Q = The weighted sum square difference of the study estimates from the overall estimate.    = Reflects total variance in overall results.Df = k – 1     = Expected variance if the only source of variance was within-study error (ie. sampling error).I = (Observed (Q) – expected results (df)) / Observed (Q).  = Proportion of variance not explained by within-study error.Q is a chi-square statistic with k-1 degrees of freedom. Where k = the number of studies in the meta-analysis. Can be used test hypothesis that Q = 0- Significant heterogeneity suggests random effects model assumptions may be more valid- However, Q statistic is know to have low power when n is small (as is almost always the case in meta-analysis). And, given the variety of studies conducted heterogeneity can be assumed to be present even if not detectable. I2 is the proportion of variability in the pooled summary statistic that is due to statistical heterogeneity rather than sampling error.



Pooling study data – random effects 
                   

,   
        

 

e1 

ϑ1 = ϑ + ε1 

Y1 = ϑ1 + e1 
ϑ 

ε1 

  
 

  
 

 
– Effect sizes are considered normally distributed due to 

(unmeasured) between study differences.  
– Studies more evenly weighted 

 

Presenter
Presentation Notes
Random effect – estimates the mean of a distribution of effects across studies. In meta-regression, assumes there is residual unexplained heterogeneity across studies. Studies are a sample of a ‘population’ of possible studies.Random effects analysis yields wider confidence intervals.



Random effects model  
DerSimonian and Laird method 

   
                     

 

 
             

 

 
                     

 

1. Calculate study weights 
and Q statistic as above 
 

2. Calculate unexplained 
between-trial variance 
(

  
)  

 
3. Calculate new ‘adjusted’ 

study weights 
 

4. Pool summary statistic 
as before. 

Presenter
Presentation Notes
Tau2 = (Observed (Q) – Expected (df)) / Scaling factorSimplistically, can be thought of as the ratio of between-study to within-study variance in the random effects modelScaling factor ensures tau2 is in the same metric as within-study variance.Steps for Random Effects model – non iterative approach to calculating tau2.Calculate residual between-trial variance. Can use non-iterative method by DerSimonian and Laird (as RevMan), or other methods. In particular the iterative restricted maximum likelihood (REML) and maximum likelihood methods are implemented in many statistical packages. Calculate weights for each study. Incorporates both within-study variance (SE), and residual between-study variance (tau2).Pooled effects by taking the weighted mean of the individual study effects.Calculate the overall standard error for the pooled estimate.This approach can be used for most (all) summary statistics.Other weighting options are available for combining binary outcomes: Mantel-Haenszel summary OR, RR, or RD.Peto’s method ln(OR)



Meta-regression 
• Attempts to identify significant study-level 

predictors associated with effect estimate 
 

• Easily run as mixed effects model. Predictors 
typically treated as fixed effects and studies 
as a random effect 
 

• Readily extended to multilevel scenario: ie 
treatment arms within studies and potentially 
individual subjects within treatment arms 



Meta-regression using random effects model 

Basic model: Y=Xβ + Zγ + ε        Var (Y) = ZGZ’+R 
 
Where Y=vector of outcome variables 
  X=matrix of fixed effects; β=fixed effect parameters 
   Z=matrix of random effects; γ=random effects parameters 
   ε = error vector 

 
 

 
 

• covariance structures specified using G and R matrices  
(G = between-subject covariance structure, R = within-subject covariance) 

• Components of R (within-study variance) known  

• intercept-only model is used to estimate the pooled estimate of effect size 

• model easily extends to meta-regression (by adding fixed effects) and multilevel scenarios 
(eg subjects nested within treatment arms within studies) via more complex specifications 
of G and R 

• Likelihood-based methods (ML or REML) to find model parameters. 



 
Study name Effect size SE variance 
Cornelius 1997 0.48 0.2857 0.0816 
McGrath 1996 0.46 0.2449 0.0600 
Moak 2003 0.63 0.2296 0.0527 
Pettinati 2010  0.16 0.1786 0.0319 
Roy-Byrne 2000 0.25 0.2704 0.0731 
Gual 2003 0.63 0.2245 0.0504 
Hernandez-Avila 2004 -0.27 0.3163 0.1001 
Kranzler 2006 -0.01 0.1020 0.0104 
Pettinati 2001 -0.61 0.2806 0.0787 

Sample data set 



Code example: simple random 
effects meta-analysis 

 
PROC MIXED DATA=meta; 

CLASS study_name; 

MODEL effect_size= / cl solution; 

RANDOM study_name;  

REPEATED / group=study_name; 

PARMS 

(0.5) 

(0.0816)(0.0600)(0.0527)(0.0319)(0.0731) 

(0.0504)(0.1001)(0.0104)(0.0504) 

/eqcons=2 to 10; 

RUN; 

Presenter
Presentation Notes
CLASS statement – sets study_name as categorical variable.MODEL statement is where moderators can be added. If nothing on right side of = , then intercept only model.RANDOM statement, sets random intercept for each studyREPEATED statement, sets studies as clusters so each can be set a unique variance in the PARMS statementPARMS statement, sets between and within study variances. Eqcons 1 = Starting value of between study variance, Eqcons 2 to 10, pre-defined within study variances.



Interpreting SAS output for PROC 
MIXED 

• Main output of interest is the solution for the 
intercept 
 
 

 
 
 

• Can check specification of the model by 
outputting G, R and V matrices 

Solution for Fixed Effects 

Effect Estimate SE DF t Pr > |t| 
Lower 
95% CL 

Upper 
95% CL 

Intercept 0.197 0.124 8 1.59 0.15 -0.089 0.484 



Presenting results with forest plot 



Typical funnel plot generated from 35 simulated studies (top) and same data with five missing 
studies showing a typical manifestation of publication bias (bottom).  

Sutton A J et al. BMJ 2000;320:1574-1577 

©2000 by British Medical Journal Publishing Group 

Presenter
Presentation Notes
Typical funnel plot generated from 35 simulated studies (top) and same data with five missing studies showing a typical manifestation of publication bias (bottom)



Presenting results with bubble plot  

Presenter
Presentation Notes
Bubbleplot of size of effect by Depression type.Size of bubble is relative to study weight (= 1 / var2).Star represents expected mean for group, and dotted line 95% confidence interval.Advantages of Bubblechart is that the eye is drawn to the most important studies (largest / smallest variance) rather than those with the widest confidence intervals.



Meta-regression: limitations 
• Observational, exploratory technique: hypothesis 

generating rather than confirmatory 
 

• Usually few studies therefore low power 
 

• Less precise than looking at predictors at an 
individual subject level 
 

• Potential for data dredging. Predictors should be 
identified a priori 
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