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R-package: metamisc

by Thomas Debray & Valentijn de Jong



Motivation

• Synthesis of prognostic factors and models

– Relevant parameters often poorly reported

– Statistical methodology relatively complex

– Many methods (still) not being used

– Lack of (user-friendly) software

• Existing meta-analysis software not always helpful

– Focus on extracting & summarizing relative effects

– Focus on likelihood functions with Normality assumptions

– Focus on modeling aggregate data



“metamisc”

https://CRAN.R-project.org/package=metamisc  



Functionalities

• Bivariate meta-analysis methods

• Testing of funnel plot asymmetry

• Extract, restore and summarize estimates of prediction 

model performance

• Validate, update and combine published prediction 

models [In progress]

• Develop new prediction models with data from multiple 

studies [In progress]



Key building blocks

metamisc

metafor

lme4

runjags

ggplot2



Example datasets

• Fibrinogen 
(31 associations between plasma fibrinogen concentration and CHD)

• EuroSCORE
(22 validations of EuroSCORE II)

• Framingham 
(21 validations of Framingham Wilson)

• DVTmodels
(5 published models for predicting presence of DVT)

• DVTipd
(hypothetical dataset with 500 subjects suspected of having DVT)

• …



Validation of prediction models

Source: Debray TPA, Damen JAAG, Snell KIE, Ensor J, Hooft L, Reitsma JB, e.a. A guide to

systematic review and meta-analysis of prediction model performance. BMJ. 2017;356:i6460.



valmeta()

• Meta-analysis of prediction model performance

– Restoring of missing information

– Estimation of weighted average

– Generation of forest plots

• Approximate and “exact” likelihood functions

– normal/identity

– normal/log (O:E ratio)

– normal/logit (c-stat)

– poisson/log (O:E ratio)

• Estimation

– MLE, REML, empirical Bayes, … (see metafor)

– Bayes MCMC (weakly informative priors)



Usage

valmeta(measure = "cstat", cstat, cstat.se, cstat.95CI, OE, OE.se, OE.95CI,

citl, citl.se, N, O, E, Po, Po.se, Pe, t.val, t.ma, t.extrapolate = FALSE,

method = "REML", test = "knha", verbose = FALSE, slab, n.chains = 4, pars, ...)

# Meta-analysis of the c-statistic (random effects)

valmeta(cstat=cstat, cstat.se= cstat.se, cstat.95CI=cbind(95CIl, 95CIu), N=n, O=n.events))

valmeta(cstat=c.index,  N=n, O=n.events)

valmeta(cstat=cstat, cstat.se=cstat.se, cstat.95CI=cbind(95CIl,95CIu),N=n, O=n.events, 

method="BAYES") # Bayesian meta-analysis

# Meta-analysis of the total O:E ratio (random effects)

valmeta(measure="OE", O=n.events, E=e.events, N=n) 

valmeta(measure="OE", O=n.events, E=e.events)       

valmeta(measure="OE", Po=Po, Pe=Pe, N=n)

valmeta(measure="OE", O=n.events, E=e.events, pars=list(model.oe="poisson/log"))



Example



Bivariate meta-analysis



riley()

• Synthesis of 2 correlated endpoints

– Estimation of an overall correlation parameter

– Estimation of weighted average

– Generation of forest plots

• Estimation

– REML

– Bayes MCMC (in progress)

• Usage

– riley(X, optimization = "Nelder-Mead", control = list(), ...)



Evaluation of publication bias

Source: Debray TPA, Moons KGM, Riley RD. Detecting small-study effects and funnel plot 

asymmetry in meta-analysis of survival data: a comparison of new and existing tests. Res

Syn Meth 2017



fat() for funnel plot asymmetry tests

• Assess selective reporting of predictor-outcome 

associations (e.g. hazard ratio)

• Regression tests with multiplicative heterogeneity

– Egger et al.

– Macaskill et al.

– Peters et al.

– Debray et al.

• Usage

– fat(b, b.se, n.total, d.total, d1, d2, method = "E-FIV")



Example

# Inverse variance weighted regression test

data(Fibrinogen)

b <- log(Fibrinogen$HR)

b.se <- ((log(Fibrinogen$HR.975) - log(Fibrinogen$HR.025))/(2*qnorm(0.975)))

d.total <- Fibrinogen$N.events

fit <- fat(b=b, b.se=b.se, d.total=d.total, method="D-FIV")

plot(fit)



Model development in IPD-MA



metapred

• Entire GLM, including non-linear functions

• Stepwise selection possible

• Any performance measure

• Internal-external cross-validation

• Currently only two-stage models



metapred(), similar to glm() :

• metapred(data, strata = “s“)

• metapred(data, strata = “s“, Y ~ X1 + I(X2^2) +I(log(X3))

• metapred(data, strata = “s“, family = binomial)

• metapred(data, strata = “s“, family = quasipoisson)



metapred() has extra options:

• metapred(data, strata = “s“, cvFUN = “bootstrap”)

• metapred(data, strata = “s“, stepwise = FALSE)

• metapred(data, strata = “s“, meta.method = “DL“)

• metapred(data, strata = “s“, recal.int = TRUE)



metapred()

• While metapred is in development:

metamisc:::metapred(data, strata = “s“)



Final remarks



Future work

• Improve customization

– Estimation methods

– Forest plots

• Add more examples

– Fabricated IPD-MA data sets

– Data generation algorithm (based on MCMC)

• Add functionalities

– Development of prediction models in IPD-MA

– Validation of prediction models in IPD-MA 

– Updating of prediction models in IPD-MA

– Aggregation & meta-analysis of prediction models


