Stat262 Homework 5 Solution (By Pei Wang)

Using the WHAS data, fit a proportional hazards model that estimates the effects of age, sex, length of hospital stay, grouped cohort year, and left heart failure complications (yes/no) on long-term survival following hospitalization for an acute myocaridal infarction in the WHAS dataset.  Use LENFOL as survival time and FSTAT as the censoring variable.  (this is what you did for homework 4)

Problem 1. Obtain plots of the deviance residuals, the schoenfeld residuals for each covariate, and dfbeta statistics for each covariate.  Interpret. 
Solution:  

(a) Plot of deviance residuals:
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There is one deviance residual for each subject (individual) in the data set. The red solid line is the lowess fit for the deviance plot and the green dotted line is for zero. As we can see, the red lines agree well with the green line for age, sex, yrgrp, and chf. However, the residual plot of lenstay suggests that the model tends to overestimate the survival times for the subjects having a long stay time in hospital. 
(b) There is a SCHOENFELD residual for each covariate of each individual. In the figure below, the red solid line is the lowess fit for the residual plot and the green dotted line is for zero. We can see that only for covariate CHF the red line doesn’t agree with the green line quite well. This suggests a nonproportional hazard function in CHF
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(c) DFBETAS statistics measure the influence of one certain subject to the coefficient of one covariate. In the figure we can see that there are a few points in the bottom right of AGE-DFBETA plot, and a few points in the top right of LENSTAY-DFBETA plot may exert an undue influence on the estimates of the coefficients.
[image: image3.png]¥000 0000 pO0D-
ety

ety

51000 00000 GI00D-
[BELT

0 40 60

0

40 60 80

lenstay

sex

age

00

100 000
ety

[BELT

chf

yrarp




Problem 2. Evaluate the proportional hazards assumption for sex and age using at least two of the methods we’ve discussed in class.
Solution.

Method 1. Graphical approach.

The proportional hazards assumption implies that log-log survival curves should be parallel. From the figure below we can see, for both AGE and SEX, the proportional hazards assumptions are acceptable.
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Method 2. Proportional hazards tests by P. Grambsch and T. Therneau (1994). 
            rho  chisq        p

age      0.0657  1.238    2.66e-01

sex     -0.0491  0.647     4.21e-01

lenstay  0.3230 59.887     9.99e-15

yrgrp    0.1136  3.952     4.68e-02

chf     -0.2155 12.406    4.28e-04

GLOBAL       NA 65.105      1.07e-12

Again, for AGE and SEX, we can not reject the proportional hazard assumptions. (But for LENSTAY, the p-value is significant enough to reject the null hypothesis.) 
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## R code

### read in data

WHAS<-read.table("whas.txt", head=T)

attach(WHAS)

##########################

### Problem 1

##########################

library(survival)

WHAS.cox<-coxph(formula=Surv(lenfol, fstat)~age+sex+lenstay+yrgrp+chf)

WHAS.dev<-residuals(WHAS.cox, type="deviance")

WHAS.sch<-residuals(WHAS.cox, type="schoenfeld")

WHAS.dfb<-residuals(WHAS.cox, type="dfbeta")

####################### plot for deviance residuals

par(mfrow=c(2,3))

par(cex=0.9)

for(i in c(2,3,11,10,6))

{

plot(WHAS[,i], WHAS.dev, xlab=colnames(WHAS)[i], ylab='Deviance Residual', cex=0.4)

lines(lowess(WHAS[,i], WHAS.dev), col=2)

abline(h=0, col=3, lwd=0.5, lty=2)

}

######################## plot for Schoenfeld residuals

par(mfrow=c(2,3))

Surtime.sort<-sort(lenfol[fstat==1])

par(cex=0.9)

for(i in 1:ncol(WHAS.sch))

{

plot(Surtime.sort, WHAS.sch[,i], ylab=paste("Schoenfeld:", colnames(WHAS.sch)[i]), xlab="Time", cex=0.4)

lines(lowess(Surtime.sort, WHAS.sch[,i]), col=2)

abline(h=0, col=3, lwd=0.5, lty=2)

}

######################### plot for dfbeta statistics

par(mfrow=c(2,3))

par(cex=0.9)

index<-c(2,3,11,10,6)

for(i in 1:ncol(WHAS.dfb))

{

temp<-max(abs(WHAS.dfb[,i]))

plot(WHAS[,index[i]], WHAS.dfb[,i], ylim=c(-temp, temp), ylab="dfbeta", xlab=colnames(WHAS)[index[i]], cex=0.4)

abline(h=0, col=3, lwd=0.5, lty=2)

}

##########################

### Problem 2

##########################

########## Method 1. Graphic Approach

age.strata<-cut(age,c(0, 50, 60, 70, 80, 100))

WHAS.age.cox<-coxph(Surv(lenfol, fstat)~ strata(age.strata)+sex+lenstay+yrgrp+chf)

WHAS.sex.cox<-coxph(Surv(lenfol, fstat)~ age+strata(sex)+lenstay+yrgrp+chf)

source("http://www-stat.stanford.edu/~jtaylo/courses/stats262/spring.2004/labs/R/lab3/stratified.plot.R")

par(mfrow=c(1,2))

stratified.plot(survfit(WHAS.age.cox), fy=cloglog, title="age", xlab="time", ylab="log(-log(S(t)))", type="l")

stratified.plot(survfit(WHAS.sex.cox), fy=cloglog, title="sex", xlab="time", ylab="log(-log(S(t)))", type="l")

########## Method 2. time-varying model

WHAS.diag<-cox.zph(WHAS.cox)

par(mfrow=c(2,3))

print(WHAS.diag)

plot(WHAS.diag)

