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Exercise

The data to be used in this exercise can be downloaded as

http://www.math.ntnu.no/∼bo/STK4290/obligdat.txt

The data set contains a random subsample of 747 patients from the SIR 3
(Spread of nosocomial Infections and Resistant pathogens) cohort study at the
Charité university hospital in Berlin, with prospective assessment of data to
examine the effect of hospital-acquired infections in intensive care.

A reference for the study is:

Wolkewitz, M., Vonberg, R., Grundmann, H., Beyersmann, J., Gastmeier, P.,
Barwolff, S., Geffers, C., Behnke, M., Ruden, H., and Schumacher, M. (2008).
Risk factors for the development of nosocomial pneumonia and mortality on
intensive care units: application of competing risks models. Critical Care,
12(2):R44.

The data set contains information on pneumonia status on admission, time
of intensive care unit stay and “intensive care unit outcome”, either hospital
death or alive discharge. Pneumonia is a severe infection, suspected to both
require additional care (i.e., prolonged intensive care unit stay) and to increase
mortality.

The variables are as follows:

pneu is 1 for patients with pneumonia present on admission, and 0 for no
pneumonia

status is the patient’s status at the end of the observation period; 1 for dis-
charge (alive); 2 for death; and 0 for patients still in the unit when the
data base was closed (i.e., right censoring)

time is a patient’s length of hospital stay

age is a patient’s age at admission

sex is 0 for a male patient and 1 for a female patient



The variables age and sex will be considered only in subproblem (h).

There were 97 patients with pneumonia on admission. Overall, 657 patients
were discharged alive, 76 patients died, and 14 patients were still in the unit at
the end of the study. 21 of the patients who died had pneumonia on admission.

a) Which function corresponding to a lifetime T is estimated and plotted by
the Nelson-Aalen estimator?

How can various shapes of the plots be interpreted?

How can we use the Kaplan-Meier estimator to obtain an alternative
estimator for the same function?

b) One is interested in the impact on hospital mortality of the presence or
no-presence of pneumonia at admission.

Use R (or another statistical package) to produce Nelson-Aalen plots, sep-
arately for pneu=0 and pneu=1, for the case when “failure” corresponds
to death (status = 2), and “censoring” corresponds to discharge or right
censoring (status = 1 or 0).

Compare the two plots (e.g., by plotting them in the same figure). Is there
an indication of a different death hazard for the two groups of patients?

c) One is also interested in the impact on the length of hospital stay of the
presence or no-presence of pneumonia at admission.

Similar to the previous subproblem (b), produce Nelson-Aalen plots, sep-
arately for pneu=0 and pneu=1, for the case when “failure” corresponds
to discharge (status = 1), and “censoring” corresponds to death or right
censoring (status = 2 or 0).

Again, compare the two plots. Is there an indication of a different dis-
charge hazard for the two groups of patients?

d) Describe the case of the present exercise as a competing risks problem
with the two causes discharge and death. What is the observed time
T? Define the cause-specific hazard functions corresponding to the two
causes. For simplicity you may label the causes by 1=discharge; 2=death.

What are the intuitive interpretations of these functions in the current
case?

e) Argue that the Nelson-Aalen plots in subproblems (b) and (c) estimate
the cumulative cause-specific hazard functions for the two causes discharge
and death (separately for pneu=0 and 1).

(Hint: See, e.g., Slides 8 on the course webpage, the part concerning
statistical inference.)

The plot obtained in subproblem (b) can seemingly be interpreted as if
pneumonia has no effect on the death hazard. It turns out, on the other
hand, that more patients with pneumonia die than patients withouot
pneumonia. How can this fact be explained from the combined informa-
tion of the plots in subproblems (b) and (c)?



f) In the following we consider Weibull regression models for each of the
two causes. As in subproblems (b) and (c) we consider the occurrence
of the other cause, or of right censoring, as censorings. Let now pneu
be considered as a covariate and use survreg in R (or another statistical
package) to fit models of the form

” lnT” = β0 + β1pneu + (1/α)W,

where W is standard Gumbel distributed.

Write down the estimates for β0, β1 and α, together with estimated stan-
dard errors, for each of the two causes.

What can you conclude? Compare with the results obtained earlier using
Nelson-Aalen plots.

g) The approach in subproblem (f) can be viewed as a way of modeling
the cause-specific hazard functions of the competing risks problem. Write
down the models that are then actually used for the cause-specific hazard
functions.

(Hint: Recall the hazard rate function of the Weibull distribution).

h) Extend the regression models of subproblem (f) to include also the co-
variates age and sex.

Write down the resulting models and fit the models to the data using
the same program as in subproblem (f). Do the covariates age and sex
contribute in a significant manner? Do their contributions differ for the
two causes?

i) Return again to subproblem (f). Would an exponential distribution be
appropriate for one or both of the two causes? Show how this issue can
be resolved by applying appropriate significance tests.


