Biostatistics 515, Winter 2004 

Homework 8 solutions/comments

2. WHAS data: there are total 481 subjects in the data. 
grouped cohort  alive=0   dead=1  total  follow-up time(min, max)
     1 

   58 
102 
  160     (1, 5843)
     2 

   82  
 93 
  175     (1, 3665)
     3 

   92  
 54 
  146     (1, 1829)
(a) The size of grouped cohort 1 is n=160.  Fitted the Cox PH model is the following:
coxph(formula = Surv(lenfol, fstat) ~ age + sex + cpk + chf + 

    miord, data = whas, subset = (yrgrp == 1))

           coef exp(coef) se(coef)       z      p

age    3.41e-02      1.03 0.009629  3.5410 0.0004

sex    1.26e-02      1.01 0.211653  0.0598 0.9500

cpk   -2.38e-05      1.00 0.000174 -0.1370 0.8900

chf    3.80e-01      1.46 0.212086  1.7909 0.0730

miord  1.93e-01      1.21 0.203880  0.9463 0.3400

      exp(coef) exp(-coef) lower .95 upper .95

age        1.03      0.966     1.015      1.05

sex        1.01      0.987     0.669      1.53

cpk        1.00      1.000     1.000      1.00

chf        1.46      0.684     0.965      2.22

miord      1.21      0.825     0.813      1.81

(b)  Model 1: 
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H0:  βi  = 0 ,   for i = 1 … 5  

    

H1:  at least one of βi is not equal to 0

LR = -2logL(reduced model) –[-2logL(full model)] = 25.4 > 11.07= 
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So, we reject the null hypothesis at α = 0.05 significant level and conclude that the model is significant. 

(c)There are five parameters in the above model, so we will perform five Wald tests to see if each covariate contribute to the model given other covariates are in the model.
---- Testing sex given age, cpk, chf and miord in the model:
H0:  β2  = 0   

    

H1:  β2  ≠  0

Z score is 0.0598 <1.96 (p-value= 0.95).

So, we fail to reject the null hypothesis at α = 0.05 significant level and conclude that sex appears not to contribute to the model given age, cpk, chf and miord in the model.
--- Drop sex and testing cpk given age, chf and miord in the model:

Z score is |-0.139| <1.96 (p-value= 0.89).

So, we fail to reject the null hypothesis at α = 0.05 significant level and conclude that cpk appears not to contribute to the model given age, chf and miord in the model.

--- Drop cpk and testing miord given age and chf in the model:

Z score is 0.98<1.96 (p-value= 0.33).

So, we fail to reject the null hypothesis at α = 0.05 significant level and conclude that miord appears not to contribute to the model given age and chf in the model.

--- Drop miord and testing chf given age in the model:

Z score is 1.74<1.96 (p-value= 0.082).

So, we fail to reject the null hypothesis at α = 0.05 significant level and conclude that chf appears not to contribute to the model given age in the model.

--- Drop chf and testing age:

Z score is 4.56>1.96 (p-value= 5.1e-06).

So, we reject the null hypothesis at α = 0.05 significant level and conclude that age appears to contribute to the model.

Reduced Model 2: 
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H0:  βi  = 0 ,   for i = 2 … 4  

    

H1:  at least one of βi is not equal to 0

LR = -2logL(model 2) –[-2logL(model 1)] = 4 < 9.49= 
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So, we fail to reject the null hypothesis at α = 0.05 significant level and conclude that the model 2 is significant. 

(d) Here are the results for model 2 using three different methods handling tied survival times. We can see that three methods give very similar results

method 
estimates 
s.e

Efron 
0.0395 
0.0087

Breslow 
0.0393 
0.0087

Exact 
0.0395 
0.0087
 (e) and 3.  Baseline hazard is calculated at age = 0.
I will say that proportional hazards does not appear to hold between three groups as the H(t | grp=1) / H(t | grp=2) or H(t | grp=1) / H(t | grp=3) is not constant over time. 
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 (f) 
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Baseline hazard for grouped cohort 1. The solid line indicates the baseline hazard using age centered at age of 65 years, it is quite different from the dotted line which indicates the baseline hazard using raw age (uncentered). Why? The solid line actually represents the baseline hazard for age equal to 65 years while the dotted line represents the baseline hazard for age equal to 0 years, since age is a significant contributor to event, these two baseline hazards are expected to be different.

4.

(a)  
Model: 
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estimated hazard ratio = 1.475,  90%CI (1.196, 1.818)

The hazard of the event for female is estimated to be 1.475 times of the hazard for male at all time points. If we repeat the similar experiment many times, we would expect 90% of times the true hazard ratio will contain in the 90%CI.
(b) Model: 
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H0:  β3  = 0 ,    

    

H1:  β3  ≠  0

Wald test: Z-score = |-1.87|  > 1.64,  p-value =  0.062 <0.10
So, we reject the null hypothesis at α = 0.10 significant level and conclude that the interaction between age and sex is significant. 

(c )



90% CI
age hazard ratio  lower 
upper

50 
 1.703
  1.092 
2.657

60  
 1.390
  1.029 
1.876

65  
 1.255
  0.982 
1.604

70  
 1.134
  0.914 
1.406

80   
 0.925
  0.715 
1.197
There is an interaction between age and sex, so the effect of gender on the hazard ratio will vary with age. From the above table, we can see that the hazard ratio for female (1) over male (0) decreases as age increases. Before (and including) age 70, male is less likely getting the event comparing to female, but at age 80 we see the opposite direction (male has higher risk). The 90%CI is getting narrower as age increases. This is because the coefficient for sex and the coefficient for the interaction term are negative correlated.
(d)






90% CI
gender   hazard ratio    lower upper

male 

1.679 
   1.489 1.893
female 
1.370 
   1.198 1.567

For male, every 10 year increase in age will increase the hazard of event by a factor of 1.679.

For female, every 10 year increase in age will increase the hazard of event by a factor of 1.370. Since there is an interaction between age and sex, so the effect of age increase on the hazard ratio differs for each gender.
## HW8 code

## 3/3/2004

#1.

whas<-read.table("P:\\Windows Files\\TA\\biostat515_2004\\whas.dat", header=F)

names(whas)<-c("ID","age","sex","cpk","sho","chf","miord","mitype","year",

               "yrgrp","lenstay","dstat","lenfol","fstat")

attach(whas)

library(survival)

tb<-table(yrgrp, fstat)

cbind(tb, apply(tb, 1, sum))

#a. Cox PH

cox1<-coxph(Surv(lenfol, fstat)~age+sex+cpk+chf+miord, data=whas, subset=(yrgrp==1))

summary(cox1)

#c.

cox2<-coxph(Surv(lenfol, fstat)~age, data=whas, subset=(yrgrp==1))

summary(cox2)

-2*(cox2$loglik[2]-cox1$loglik[2])

#d.

cox3<-coxph(Surv(lenfol, fstat)~age, data=whas, subset=(yrgrp==1), method="efron")

cox4<-coxph(Surv(lenfol, fstat)~age, data=whas, subset=(yrgrp==1), method="breslow")

cox5<-coxph(Surv(lenfol, fstat)~age, data=whas, subset=(yrgrp==1), method="exact")

est<-c()

est<-rbind(est,round(c(cox3$coeff, sqrt(cox3$var)),4))

est<-rbind(est,round(c(cox4$coeff, sqrt(cox4$var)),4))

est<-rbind(est,round(c(cox5$coeff, sqrt(cox5$var)),4))

#e baseline hazard

H<-basehaz(cox2, centered=F)   ## baseline hazard at X=0

plot(H$time, H$hazard, type="l",xlab="time", ylab="H(t)", main="baseline hazard(age=0)")

#base<-data.frame(age=0)         ## another way to get baseline hazard

#plot(survfit(cox2, newdata=base, se.fit=F), fun="cumhaz", xlab="time", ylab="H(t)")

#3. for group =2, 3

cox<-coxph(Surv(lenfol, fstat)~age, data=whas, subset=(yrgrp==2))

summary(cox)

cox3<-coxph(Surv(lenfol, fstat)~age, data=whas, subset=(yrgrp==3))

summary(cox3)

H2<-basehaz(cox, centered=F)

lines(H2$time, H2$hazard, lty=2, col="red")

H3<-basehaz(cox3, centered=F)

lines(H3$time, H3$hazard, lty=3, col="blue")

legend(5, 0.075, legend=c("group 1", "group 2", "group3"), 

       lty=1:3,col=c("black", "red", "blue"))

#f 

cox.cen<-coxph(Surv(lenfol, fstat)~I(age-65), data=whas, subset=(yrgrp==1))

summary(cox.cen)

Hcen<-basehaz(cox.cen, centered=F)

plot(Hcen$time, Hcen$hazard,type="l",xlab="time", ylab="H(t)",main="baseline hazard")

lines(H$time, H$hazard, lty=2, col="red")

legend(5,1,legend=c("age=65", "age=0"), lty=1:2, col=c("black", "red"))

#4.all data

#a.

cox<-coxph(Surv(lenfol, fstat)~sex, data=whas)

summary(cox)

# 90% CI

round(c(exp(cox$coef),exp(cox$coef+c(-1,1)*qnorm(0.95)*sqrt(cox$var))),3)

#b.

cox2<-coxph(Surv(lenfol, fstat)~sex+age, data=whas)

cox3<-coxph(Surv(lenfol, fstat)~sex*age, data=whas)

summary(cox3)

#c

a<-c(50,60,65,70,80)

haz<-c()

for (age2 in a){

    v<-cox3$var[1,1]+age2^2*cox3$var[3,3]+2*age2*cox3$var[1,3]

    hr<-cox3$coef%*%c(1,0,age2)

    haz<-rbind(haz,c(age2,round(c(exp(hr),exp(hr+c(-1,1)*qnorm(0.95)*sqrt(v))),3)))

}

haz

#d

##male=0

round(c(exp(cox3$coef[2]*10), exp(cox3$coef[2]*10+c(-1,1)*qnorm(0.95)*sqrt(cox3$var[2,2])*10)),3)

## female=1

v<-cox3$var[2,2]+cox3$var[3,3]+2*cox3$var[2,3]

hr<-(cox3$coef[2]+cox3$coef[3])*10

round(c(exp(hr), exp(hr+c(-1,1)*qnorm(0.95)*sqrt(v)*10)),3)
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