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Disclaimer

I confirm that, the opinions and thoughts discussed in this presentation 

are subject to my own independent views and are not subject to the 

opinions of the organization that I represent.



Meta-Analysis

• Meta-analysis is often used to evaluate the clinical effectiveness of 

healthcare interventions.

• Reasons for doing meta-analysis are the need to increase sample 

size, to establish statistical significance with better accuracy, to 

extrapolate to broader population.

• Components of a good meta-analysis are complete coverage of all 

relevant studies, look for the presence of heterogeneity, and 

explore the robustness of the main findings using sensitivity 

analysis.
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Tools to implement Meta-Analysis:

OTHERS

PROC MIXED PythonMeta
Comprehensive 

Meta-Analysis 
Software (CMA)

PROC MCM PyMARE MetaWin

PROC BGLIMM
zEpid

MetaStat

PROC GLIMMIX NiMARE
OpenMeta

(Analyst)

PROC MEANS

metafor

meta

netmeta

bayesmeta

MetaStan
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Meta 

commands



Framework for Meta-analysis for 

Proportions using R
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Case Study

Acute Graft Rejection among patients who 

have undergone renal transplantation in India –

a Systematic Review and Meta-Analysis

❑ To find pooled estimate of Acute Graft Rejection among Renal 

Transplant patients in India

❑ To evaluate the risk factors related to Acute Graft Rejection
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Pre-Processing 

• Search Strategy- using PRISMA guidelines
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Data Points:

• Author
• Year
• Location of Study

• Total Population
• Acute Graft Rejection Rate

• Donor characteristics
• Type of Hospital



1. Prepare R Environment

i. Installing packages : metafor, meta 

ii. Calling libraries

iii. Importing datasets

library(meta)
library(metafor)
meta_data <− read.csv("D:/Conferences/PHUSE/obj1.csv", header=T, sep=",")

install.packages(c("metafor", "meta"))
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2. Compute Pooled Effect Size

Pre-requisites:

1. Transformation of data

2. Using appropriate model
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3. Test for Heterogeneity

Analysing variance:

- Ƭ2 statistic 

- Q- statistic

- I2 statistic
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3. Test for Heterogeneity

• Ƭ2 statistic indicates systematic 

differences in effects across 

studies.

• Q-test and its p-value serve as a 

test of significance to address the 

null hypothesis that the effects 

across studies are homogeneous.

• I2 statistic is the ratio of between-

study variance to the observed 

variance. It conveys the cause of 

heterogeneity. 
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4. Publication bias

Funnel Plot:

funnel(pool_eff, atransf=transf.ilogit)
funnel(pool_eff, yaxis="ni")

• Even though the plot shows asymmetrical 

nature , detecting publication bias using 
funnel plot is rather subjective in nature.

• Other objective ways to identify publication 

bias is the rank correlation test, Egger’s 
regression test.
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5. Detecting Outliers

Detecting outliers:
- Externally studentized residuals
- Difference in fits values (DFFITS)

- Cook’s distances

- Leave-one-out estimates
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5. Detecting Outliers

Statistics measuring impact of outliers

The studies with 

values above 3 are 
those studies 
whose 

heterogeneity 
impact the pooled 

estimates adversely
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6. Visualization

Forest Plot
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6. Visualization

Baujat Plot

baujat(resd, xlim=c(0,6), ylim=c(0,0.2))

resd <− rma(yi, vi, data=ind_effect, method="DL")

• The studies on the furthest end 

of the right quadrant show the 

most heterogeneity with the 

most impact on the pooled effect 

size.
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6. Visualization

Plots showing leave1out estimates

Influential studies are labelled in 

red in the plot. In the current 
example we don’t have any 

influential studies.

The reference line indicates the 

original pooled estimate and the 
boxes indicate effect of leaving 

out the particular study
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7. Moderator Analyses

Moderator 
Analysis

Subgroup 
Analysis

Assume 
common 

between-study 
variance

Consider 
between-study 

variance

Meta-
Regression
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7. Moderator Analyses

Subgroup 

analysis:

Subset data to 

include only the 

moderator 

groups and 

repeat earlier 
steps.
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7. Moderator Analyses

Subgroups considered:

• Study Period (Before and
After 2009)

• Region

• Hospital Type

• Donor Type
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The groups have been divided 

keeping 2009 as the point of division 
as that was the year when an 
outcome-altering drug Tacrolimus, an 

immunosuppressant, was introduced 
in India.

The forest plot shows that there is a 
significant difference between the two 
groups.



7. Moderator Analyses

Meta-Regression:

ind_eff <- escalc(xi=AR, ni=N, data=meta_data, measure="PLO")
pool_eff <- rma(yi, vi, data=ind_eff, method="DL")
eff_size <- predict(pool_eff, transf=transf.ilogit)

metareg <- rma(yi, vi, data=ind_eff, mods=~mod1+mod2+mod3+mod4)
print(metareg)
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Outcomes

• The estimated higher prevalence of Acute Graft Rejection, compared 

to other developed countries, provides impetus to further research 

into the conditions leading to the risk of AGR.

• The estimated prevalence of AGR provides a reasonable data to 

calculate sample size for clinical trials in this domain.

• Study of risk factors provide for inclusion/exclusion criteria for 

patients to be included in clinical trials.

• Helps in understanding the region in the country where the 

patients could benefit from the drug produced.
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Applications in Pharma Industry

Finding patient groups for clinical trials

Basic Inputs to Design a study

Sample Size Calculation

Inclusion/Exclusion Criteria

Used in pharmacometrics to decide baseline dosage

Understand the demand area of a drug to market it better
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Dashboard
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Conclusion
23

Tailored Approach to Statistical Analysis: The flexibility of R allows us to 

customize our analyses, tailoring our approaches to fit the specific nuances of our 

data.

Deliver Impactful Insights: Use R Shiny to create interactive dashboards that not 

only visualize your findings but also empower stakeholders to explore the data 

themselves.

Engage with the Community: The true power of R lies not just in the code itself but 

in the community behind it. By tapping into a wealth of resources and shared 

knowledge, we can continue to enhance our analytical skills and expand our 

understanding of the world around us.

Next Steps: As you integrate R into your research workflows, experiment, innovate, 

collaborate, and share your findings.



THANK YOU!
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