
Supplement 3. Funnel plot analysis methodology 

Publication bias and study heterogeneity can lead to inaccurate estimate of the effect 

size. Publication bias detection and remediation has been reviewed by Rothstein et al [1], while 

study heterogeneity has been reviewed by several authors [2-3].  Methods range from a 

graphical examination of a funnel plot to selection models and sensitivity analysis.  A funnel plot 

is a simple scatter plot of the intervention effect estimates (on the x-axis) for individual studies 

plotted against a measure of a study’s sample size or calculated variance. The inverted funnel 

shape graphically illustrates that the effect estimates from small studies will be scattered at the 

bottom of the plot, and the more robust larger studies appear near the top.  Publication bias can 

be detected by examining the plot for symmetry and, any asymmetrical sections indicate 

possible bias.   

Funnel plots have been used to examine and detect publication bias; correcting for 

publication bias requires the trim and fill method or more sophisticated selection models [1]. 

Duval and Tweedie discuss a quantitative modeling method based on a meta-analyzed estimate 

of effect using the DerSimonian-Laird estimator [4].  From the DerSimonian-Laird estimator and 

statistical moment theory, three estimators of publication bias were derived: R0, L0 and Q0 .  The 

estimator equations provide an estimate of the number of studies missing from the meta-

analysis, which are then added to the analysis via simulation. When applied to our data, the R0 

estimate recommended addition of one study, L0 four studies and Q0 three studies. We did not 

add any simulated studies to our analysis. We did assess publication bias graphically using the 

optimized funnel plot as discussed below.  

Funnel plots can also aid in reducing study heterogeneity, although to our knowledge 

they have not been used in this fashion.  Our funnel plot optimization method to reduce 

heterogeneity is similar to model fitting in Non-linear-mixed-effects modeling. The meta-analysis 

is conducted with all selected studies and a funnel plot is produced.  The overall odds ratio (OR) 



estimate and the individual study ORs are then plotted along with respective 95% confidence 

intervals (CI) of the effect size. The y-axis is the meta-analysis weight of the study. The plot is 

graphically examined, and studies where the CI does not overlap the overall effect size CI are 

eligible for removal. If more than one study meets the criteria, the study whose OR point 

estimate has the largest difference from the overall OR is selected for removal. Upon removal, 

the meta-analysis is conducted again and the new combined OR and CI are now plotted with 

the individual OR and CI and the new study weight. The combined overall OR, CI and study 

weight will change, however, the individual study OR and CI will not change. A second funnel 

plot is produced, and the process continues until 

there are no more studies to remove, or the 

individual study’s OR and CI overlap with the 

combined OR and CI. In the example given below, 

Carey et al would be removed.  

 

 

 

 

Our method extends meta-analysis funnel plot capability from purely detecting 

heterogeneity to remediating heterogeneity. We have reduced I2 from ~90% to ~40% using this 

method.   Our funnel optimization results are compared with the radial plot method in the graphs 

that follow. Note how the studies outside of the radial plot analysis are removed with our funnel 

method.  

 



 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

Table. Study number and author 

1. Martz ICU 2. Tasaka ICU 3. Zeigler ICU 4. Buckley ICU 

5. Hammond ICU 6. Pavlov ICU 7. Wohlt-Hatch ICU 8. Wu non-ICU 

9. Belfield non-ICU 10. Van der Linden non-ICU 11. Carey non-ICU 12.  Agee non-ICU 

13. Buckley non-ICU 14. Hughes non-ICU 15. Khudair non-ICU 16. Ziegler non-ICU 
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