Stat262. Homework 4 Solution. (By Pei Wang, May/24/2004)

1. Problem 1. 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.  Report hazard ratios and 95% confidence intervals.
Answer: Fit Cox model with formula:
coxph(formula = Surv(lenfol, fstat) ~ age + sex + lenstay + yrgrp + chf)

The result hazard ratio and 95% confidence intervals are:
	
	Exp(coef)
	Exp(-coef)
	Lower .95
	Upper .95

	age
	1.033
	0.968
	1.022
	1.045

	sex
	1.135
	0.881
	0.873
	1.477

	lenstay
	0.961
	1.041
	0.943
	0.979

	Yrgrp
	0.804
	1.243
	0.669
	0.966

	Chf
	2.473
	0.404
	1.883
	3.248


2. Problem 2. Plot the predicted survivor function and 95% point-wise confidence intervals for a 50-year old man who stayed in the hospital for 10 days, had left heart failure complications, and was a member of grouped cohort year 1 (1975&1978).
Plot:
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3. Problem 3. Re-fit the WHAS model in (1) using grouped cohort year, YRGRP, as a stratification variable.  Compare the estimated coefficients with those in problem 1.  Are there any important differences between the strata?

Answer: Deem YRGRP as a starification variable, the result cox model is:
	
	Exp(coef)
	Exp(-coef)
	Lower .95
	Upper .95

	Age
	1.033
	0.968
	1.021
	1.04

	Sex
	1.136
	0.880
	0.873
	1.48

	Lenstay
	0.962
	1.039
	0.944
	0.98

	Chf
	2.432
	0.411
	1.852
	3.19


This is quite similar to the result in Problem 1.
The baseline survival functions for three different cohort year groups are illustrated as follows:
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It also suggests no significant strata effect, though the mean survival time in different groups is different.
4. Problem 4. It is possible in the WHAS that differences in long-term survival in the grouped cohorts, YRGRP, could be due to different lengths of stay in the hospital.  Examine this by creating a dichotomous time-varying covariate comparing LENSTAY and LENFOL and adding it to the WHAS model.

Answer: Make a dichotomous time-varying covariate StayVSFol to compare LENSTAY and LENFOL:
              StayVSFol=1,  if LENSTAY=LENFOL

                      =0,   if LENSTAY<LENFOL

Add this to the WHAS model, we get:

Call:

coxph(formula = Surv(lenfol, fstat) ~ age + sex + lenstay + StayVSFol + strata(yrgrp) + chf)
  n= 481 
              coef exp(coef) se(coef)       z       p

age        0.02473     1.025  0.00605  4.0861 4.4e-05

sex       -0.00364     0.996  0.13731 -0.0265 9.8e-01

lenstay   -0.04384     0.957  0.00923 -4.7483 2.1e-06

StayVSFol  5.10279   164.480  0.40450 12.6150 0.0e+00

chf        0.61055     1.841  0.14634  4.1722 3.0e-05

As we can see from the result that there is a high hazard ratio associated with StayVSFol, a significant variable in the model. The interpretation is that those patient discharged from the hospital would likely to have higher survival rates than the patient not discharged from the hospital. This is kind of consistent with the effect of LENSTAY: the longer the stay time in the hospital, the lower the survival rate is. 
Program Code in R:

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

attach(WHAS)

### Problem 1

library(survival)

p1.cox<-coxph(formula=Surv(lenfol, fstat)~age+sex+lenstay+yrgrp+chf)

summary(p1cox)

### Problem 2

oldman<-data.frame(age=50,sex=0,lenstay=10,yrgrp=1, chf=1)

p2.predict<-survfit(p1.cox, newdata=oldman)

plot(p2.predict, main="Survival Curve for a 50year old man", xlab="t", ylab="S(t)")

### Problem 3

p3.cox<-coxph(Surv(lenfol, fstat)~age+sex+lenstay+strata(yrgrp)+chf)
source("http://www-stat.stanford.edu/~jtaylo/courses/stats262/spring.2004/labs/R/lab3/stratified.plot.R")

p3.cox.surv<-survfit(p3.cox)

stratified.plot(p3.cox.surv, title="Baseline survival stratified on Cohort Year")

### Problem 4

StayVSFol<-(lenstay==lenfol) +0

p4.cox<-coxph(Surv(lenfol, fstat)~age+sex+lenstay+StayVSFol+strata(yrgrp)+chf)
