Generic R code for “A random effect variance shift model for detecting and accommodating outliers in meta-analysis” by Gumedze and Jackson

The function PLOTS produces the figures as shown in the paper and requires the estimates (y) and their within-study variances (var). The number of bootstrap replications (bootsims), the percentiles of the likelihood ratio test statistics shown (alpha), the random seed (seed) and the values of k (ks) can be altered by the user. For example

PLOTS(y1, var1) 

produces the figure for the first example.

The function ERVSOM fits the extended RVSOM. For example:

ERVSOM(y1, var1, NULL)

0.40103445  0.02722974  0.19163258  0.00000000 -1.71554095

The function returns the estimate of treatment effect, its variance, the estimate of the between-study variance, a convergence diagnostic (should be zero) and twice the maximum log-likelihood. NULL means that no studies are given an over-dispersion variance and the model fitted is the conventional random effects model. Another example is:
ERVSOM(y1, var1, 8)

1.913571e-01 4.617222e-03 3.951778e+00 7.042598e-11 0.000000e+00 1.308571e+01
The function now returns the fit of the ERVSOM for the 8th observation. After the treatment effect and its variance we have a further estimate of the over-dispersion parameter. All the other values the follow in the same order as before. Similarly: 
ERVSOM(y1, var1, c(1,2,3))
4.010307e-01  2.722797e-02  3.491053e-11  1.159131e-14  5.956895e-10  1.916155e-01  0.000000e+00 -1.715541e+00

The function now returns the fit of the ERVSOM for the first three observations, where the over-dispersion parameters estimates are again given after the estimate of treatment effect and its variance, and are in the order provided to the function.

The R code and data: cut and paste all the code below into R

PLOTS=function (y, var, bootsims=5000, alpha=0.95, seed=1, ks=c(1,2,3)) 

{

set.seed(seed)

REmodel= ERVSOM(y, var, NULL)

inferences=matrix(nrow=length(y), ncol=6)

for(i in 1:length(y))

inferences[i,]= ERVSOM(y, var, i)

inferences[,6]=inferences[,6]-REmodel[5]

for(i in 1:(length(y)))

inferences[,6][i]= max(inferences[,6][i], 0)

par(mfrow=c(2,2))

plot(1:length(y), inferences[,3], xlab="Study number", ylab="Variance shift")

plot(1:length(y), inferences[,4], xlab="Study number", ylab="Between-study variance")

plot(1:length(y), inferences[,1], xlab="Study number", ylab="Treatment effect")

boot_strap_lrts=matrix(nrow=bootsims, ncol=length(y))

for(i in 1:bootsims)

{

yboot=REmodel[1]+(REmodel[3]^0.5)*rnorm(length(y))+(var^0.5)*rnorm(length(y))

REmodelboot= ERVSOM(yboot, var, NULL)

for(j in 1:length(y))

{

boot_inferences=ERVSOM(yboot, var, j)

boot_strap_lrts[i,j]=max(boot_inferences[6]-REmodelboot[5],0)

}

}

for(i in 1:bootsims)

boot_strap_lrts[i,]=sort(boot_strap_lrts[i,], decreasing=TRUE)

k1=quantile(boot_strap_lrts[,ks[1]], alpha)

k2=quantile(boot_strap_lrts[,ks[2]], alpha)

k3=quantile(boot_strap_lrts[,ks[3]], alpha)

plot(1:length(y), inferences[,6], xlab="Study number", ylab="LRT", ylim=c(0, max(c(inferences[,6], k1))))

xs=c(1, length(y)); ys1=c(k1,k1); ys2=c(k2,k2); ys3=c(k3,k3)

lines(xs, ys1, lty=3); lines(xs, ys2,lty=2); lines(xs, ys3, lty=1)

return(list(inferences=inferences, REmodel=REmodel,boot_strap_lrts=boot_strap_lrts))

}

ERVSOM=function (y, var, observations) 

{

n= length(y); ws= 1/var; s1= sum(ws); cc=s1-sum(ws^2)/s1; a=sum(ws*y)/s1; Q= sum(ws*(y-a)^2); tau2hat = (Q-(n-1))/cc ; tau2hat = max(0, tau2hat)

start=rep(log(tau2hat+0.1), length(observations)+1)

if(length(observations)>0)

{

inference<-optim(start, REML, y=y, var=var, observations=observations,  control=list(maxit=200000))

for(i in 1:length(observations))

var[observations[i]]=var[observations[i]]+exp(inference$par[1+i])

tau2est<-exp(inference$par[1]); weights<-1/(var+tau2est)

mu_hat=sum(weights*y)/sum(weights); var_mu_hat=1/sum(weights); over_disp=exp(inference$par)[-1]; converge=inference$convergence

output=c(mu_hat, var_mu_hat, over_disp, tau2est, converge, -inference$value)

}

if(length(observations)==0)

{

inference<-optimize(REML, y=y, var=var, observations=observations,  interval=c(-10,3))

tau2est<-exp(inference$minimum); weights<-1/(var+tau2est)

mu_hat=sum(weights*y)/sum(weights); var_mu_hat=1/sum(weights)

output=c(mu_hat, var_mu_hat, tau2est, 0, -inference$objective)

}

output

}

REML=function (x, y, var, observations) 

{

if(length(observations)>0)

{

for(i in 1:length(observations))

var[observations[i]]=var[observations[i]]+exp(x[1+i])

}

tau2<-exp(x[1]); hetvar<-var+tau2; weights<-1/hetvar; theta_hat<-sum(weights*y)/sum(weights)

sum(log(hetvar))+sum(((y-theta_hat)^2)/hetvar)+log(sum(1/hetvar))

}

y1=c(0.13, 0.5, 0.15, 0.14, 0.33, 0.34, 0.58, 2.22, 0.01, 0.26)

y2=c(-0.8303483, -1.056053, -1.27834, -0.0434851, 0.2231435, -2.40752, 

-1.280934, -1.191703, -0.695748, -2.208274, -2.03816, -0.8501509, 

-0.7932307, -0.2993399, -1.570789, 0.0575873)

y3=c(-0.32, -0.24, -0.28, -0.32, -0.88, -0.62, -0.15, -0.28, -0.12, 

-0.31, -0.37, -0.28, -0.06, -0.01, -0.18, -0.39, -0.17, -0.34, 

-0.11, -0.08, -0.27, -0.37, -0.23, -0.35, -0.31, -0.31, -0.19, 

-0.49, -0.57, -0.33, -0.48, -0.57, -0.3, -0.21, -0.35, -0.15, 

-0.66, -1.26, -0.85, 0.03, -0.38, -0.54, -0.18, -0.19, -0.33, 

-0.23, -0.27, 0.1, -0.45, -1.76, -0.42, -0.41, -0.34, -0.38, 

-0.24, -0.3, -0.36, -0.09, -0.09, -0.27, -0.4, -0.13, -2.75, 

-0.16, -0.43, -0.24, -0.33, -0.27, -0.31, -0.17)

var1=c(0.044831581, 0.073120575, 0.009397126, 0.057502082, 0.081632653, 

0.1368245, 0.1368245, 0.168686224, 0.043757809, 0.146423365)

var2=c(1.555053892, 0.171454462, 0.653088967, 2.04349884, 0.239285724, 

1.149629995, 1.425000863, 2.759891109, 0.287486419, 1.231318684, 

0.609533556, 0.382478671, 0.3917085, 0.021483615, 0.329521348, 

0.001001222)

var3=c(0.004399209, 0.008909048, 0.006253905, 0.008909048, 0.041649313, 

0.008433986, 0.009898219, 0.010939452, 0.014375521, 0.006253905, 

0.009898219, 0.004744117, 0.005102041, 0.00547298, 0.006253905, 

0.004744117, 0.007971939, 0.011479592, 0.003442576, 0.006253905, 

0.004399209, 0.00666389, 0.004067316, 0.004067316, 0.009397126, 

0.008909048, 0.010412328, 0.037588505, 0.098455071, 0.041649313, 

0.056285142, 0.015625, 0.00666389, 0.004744117, 0.003442576, 

0.016269263, 0.061230998, 0.04701817, 0.035636193, 0.025829082, 

0.005856935, 0.00547298, 0.005102041, 0.004399209, 0.008433986, 

0.00666389, 0.00666389, 0.12755102, 0.115114796, 0.089083975, 

0.013770304, 0.014375521, 0.013770304, 0.004399209, 0.005102041, 

0.011479592, 0.012032747, 0.011479592, 0.008909048, 0.003442576, 

0.004744117, 0.084574136, 0.194769107, 0.002349282, 0.003748438, 

0.004399209, 0.010939452, 0.008433986, 0.00547298, 0.004067316

)
