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14.3.3 Meta Analysis

Meta analysis is pooling varying results of various studies on the same topic after a systematic review. For this, studies meeting pre-specified quality criteria are selected after a comprehensive search of literature. A particular relevant parameter such as odds ratio (OR), relative risk (RR) or mean difference is chosen and its value with confidence interval (CI) are extracted from each selected study.


Forest plot provides graphical summary view of the varying results obtained in different studies. An example is in Figure 5 (D’Souza et al. 2002) where ORs of probiotics in prevention of antibiotic associated diarrhea found in different studies are shown. In the left column, you can have study identifier such as name of the first author. Black square is located at the value of OR (or any other parameter of interest) scaled on x-axis. For a ratio such as OR and RR, log-scale is used as in this figure. Horizontal lines are the 95% CIs. Actual values are stated in a column on right side. For pooling the results, the average is calculated but all studies are not given equal weight. Generally studies with larger sample size or with smaller SE get more weight. You may use any other criterion. The area of the black square represents this weight – this also is mentioned in another column on the right side in this figure. 



FIGURE 5.   Plot of the log of odds ratios for the proportion of patients free of diarrhoea in treatment groups compared with control groups (D'Souza AL, Rajkumar C, Cooke J, Bulpitt CJ. Care of the Elderly Section, Faculty of Medicine, Imperial College School of Medicine, Hammersmith Hospital, London W12 0NN. Probiotics in prevention of antibiotic associated diarrhoea: meta-analysis. BMJ 2002(8 June);324:1361) Reproduced with permission from BMJ Publishing Group
Pooled result is shown by a diamond touching the x-axis. The width of this diamond is the pooled CI. This CI is based on combined sample size and thus more reliable. If this touches or crosses the line of no effect (OR = 1 in this case), the pooled conclusion is that the effect is not statistically significant. In the case of OR, diamond towards less than one indicated decreased likelihood of the presence of antecedent of interest and towards more than one indicates increased likelihood.

In the Figure, the diamond is on the left side of OR = 1 and it does not touch (or cross) the vertical line of OR = 1. Thus decreased diarrhea is significantly associated with more probiotics. In other words, probiotics have protective effect.

Results based on small sample size or with high SE in different studies will obviously spread across a broad range of values. If you plot ORs in three studies with small sample size each, they are likely to be far apart from one another compared with ORs in three studies with large sample size each. If you are reviewing a large number of studies – some of small size and some of large size, and plot OR on horizontal axis and sample size on vertical axis, the plot generally will be as shown in Figure given below. This is called funnel plot because of its resemblance with inverted funnel.
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FIGURE  A typical funnel plot

In place of OR, you can have any other effect size such as RR and difference in means or proportions. On the vertical axis, you can have inverse of the SE instead of sample size.

An asymmetric shape of the funnel plot raises suspicion over the results of meta-analysis since the selected studies may suffer from publication bias, favoring either higher or lower effect size. It also suggests the possibility of a systematic bias in smaller studies. Check if most of smaller studies tend to give larger (or smaller) effect sizes compared to larger studies. If so, the bias is evident and the results of meta-analysis would be invalid. When biased studies are not included in meta analysis, heterogeneity among results of various studies does not cause much of a problem. Your final CI would depict this. Sometimes you would want to know the extent of heterogeneity. For this an index denoted by I2 is calculated. This measures the percentage variance attributed to between-study variation. I2 = 0.25 is low, 0.50 is middling and 0.75 is high. If this is high, you may like to identify studies causing this and exclude them from your meta-analysis.

In place of aggregate results of studies, the emphasis now is on individual participant data. Since almost all studies around the world have data on individual subjects in electronic form, they can be easily pooled in a collaborative effort that would provide a direct estimate based on a large number of subjects. Thompson et al. (2010. Thompson S, Kaptoge S, White I, et al. Statistical methods for the time-to-event analysis of individual participant data from multiple epidemiological studies. Int J Epidemiol 2010; 39:1345–1359.) have provided this kind of analysis based on 154,211 participants in 31 studies on hazard ratio for CHD per 1 g/L higher baseline fibrinogen. Care is needed while pooling because the participants within each study form a cluster with shared similarities, and clustering is factored into pooling.
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