This appendix presents code for the simulation in the paper “Underestimation of standard errors in generalized additive models linking mortality to ambient particulate matter,” by Ramsay et al. (Epidemiology 2003;14:1).  The slope estimates are recorded in the variable bvec, the standard error estimates are recorded in the variable svec, and the concurvity correlation coefficients are recorded in cvec.  The last line prints out three values: the average S-Plus estimated standard error of the slope parameter, the sample standard deviation of the 100 estimated slopes, and the average concurvity correlation coefficient.  The concurvity in the data results in the sample standard deviation being significantly higher than the average S-Plus estimated standard error.  By modifying the standard deviation of the random component of the concurvity relationship (changing the number 0.05 in line seven of the code), the standard error bias can be made larger or smaller.  

bvec<-rep(0,100)

svec<-rep(0,100)

pvec<-rep(0,100)

for (i in 1:100){

  X1<-runif(100,0,pi)

  X2<-runif(100,0,pi)

  X3<-0.1*sin(X1)+0.1*sin(X2)+0.05*rnorm(100)

  vfit<-gam(X3~lo(X1,sp=.5)+lo(X2,sp=.5),

  bf.maxit=1000,bf.epsilon=1e-15)

  cvec[i]<-cor(X3,vfit$fit)

  data<-rpois(rep(1,100),exp(exp(X1)/20+exp(-X2)+0.1*X3))

  dfit<-gam(data~lo(X1,sp=0.5)+lo(X2,sp=0.5)+X3,family=poisson,

  
epsilon=1e-15,maxit=1000,bf.epsilon=1e-15,bf.maxit=1000)

  bvec[i]<-summary.glm(dfit)$coef[4,1]

  svec[i]<-summary.glm(dfit)$coef[4,2]

}

print(c(sqrt(mean(svec^2)),stdev(bvec),mean(cvec)))             

