Statistics for Epidemiology                 Nicholas P. Jewell 

Solution Set: Chapter 17
Question 17.1

First we must set the data set up for a time or hazard based analysis in Stata:

. stset  time169, failure( chd69)

     failure event:  chd69 != 0 & chd69 < .

obs. time interval:  (0, time169]

 exit on or before:  failure

------------------------------------------------------------------------------

     3154  total obs.

        0  exclusions

------------------------------------------------------------------------------

     3154  obs. remaining, representing

      257  failures in single record/single failure data

  8464892  total analysis time at risk, at risk from t =         0

                                         earliest observed entry t =         0

                                               last observed exit t =      3430

The default test with the command .sts test is the log rank test:

. sts test  dibpat0

         failure _d:  chd69

   analysis time _t:  time169

Log-rank test for equality of survivor functions

             |   Events         Events

dibpat0 |  observed     expected

   --------+-------------------------

0          |        79          130.81

1          |       178         126.19

  --------+-------------------------

Total    |       257         257.00

              chi2(1) =      41.84

              Pr>chi2 =     0.0000

The log rank test statistic is 41.84 indicating considerable evidence that the hazard is different for Type As from Type Bs.

Question 17.2

The data set is already declared as a time to event data set and so we can proceed directly with the command .stcox to fit a proportional hazards model:

. stcox  age0 sbp0 dibpat0 chol0 ncigs0

         failure _d:  chd69

   analysis time _t:  time169

Cox regression -- Breslow method for ties

No. of subjects =         3142                     Number of obs   =      3142

No. of failures =          257

Time at risk    =      8430004

                                                                     LR chi2(5)      =    198.44

Log likelihood  =   -1916.6454                     Prob > chi2     =    0.0000

  ------------------------------------------------------------------------------

              _t |   Haz. Ratio   Std. Err.       z      P>|z|      [95% Conf. Interval]

  -------------+----------------------------------------------------------------

         age0 |   1.063222   .0117374     5.55   0.000     1.040464    1.086478

         sbp0 |   1.019768   .0035926     5.56   0.000     1.012751    1.026834

     dibpat0 |   1.894965   .2592857     4.67   0.000     1.449213    2.477821

        chol0 |   1.008881   .0010483     8.51   0.000     1.006828    1.010937

       ncigs0 |   1.020352   .0038376     5.36   0.000     1.012859    1.027902

  ------------------------------------------------------------------------------

The results are similar to those described in Table 17.2 with the Wald tests giving similar test statistics, albeit generally a little higher here. The Relative Hazards (Hazard ratios) are of course smaller here since they refer to the Relative Hazard associated with a unit increase in the respective variable (holding the other variables fixed). The Relative Hazard is comparable for the binary risk factor, behavior type: in Table 17.2, this Relative Hazard was estimated to be 2.085. Here, it is estimated to be 1.895, a relatively similar finding.  

Question 17.3

For comparison, we begin with fitting the standard proportional hazards model that includes solely the baseline variable behavior type:

. stcox dibpat0

         failure _d:  chd69

   analysis time _t:  time169

Cox regression -- Breslow method for ties

Log likelihood  =   -1995.5234                     Prob > chi2     =    0.0000

  ------------------------------------------------------------------------------

              _t |  Haz. Ratio   Std. Err.        z      P>|z|     [95% Conf. Interval]

  -------------+----------------------------------------------------------------

     dibpat0 |   2.337545   .3161426     6.28   0.000     1.793242    3.047062

  ------------------------------------------------------------------------------

This fit suggests a very strong effect of behavior type on the hazard function, with the Relative Hazard given by 2.34. It assumes that this Relative Hazard is constant over time (proportional hazards). We now extend this by including a time-dependent effect of behavior type using the model:
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. stcox  dibpat0, tvc( dibpat0) texp(_t)

         failure _d:  chd69

   analysis time _t:  time169

Cox regression -- Breslow method for ties

Log likelihood  =   -1993.7063                     Prob > chi2     =    0.0000

  ------------------------------------------------------------------------------

              _t |   Haz. Ratio   Std. Err.        z      P>|z|     [95% Conf. Interval]

  -------------+----------------------------------------------------------------

    rh           |

      dibpat0 |   3.931433   1.232191     4.37   0.000     2.126998     7.26666

  -------------+----------------------------------------------------------------

     t            |

     dibpat0 |   .9996944   .0001617    -1.89   0.059     .9993776    1.000011

 ------------------------------------------------------------------------------

Note: Second equation contains variables that continuously vary with respect to time; variables are interacted with current values of _t.

For calculations, it is somewhat easier to state this fit in terms of the coefficients b and c, the log Relative Hazards:

. stcox  dibpat0, tvc( dibpat0) texp(_t) nohr

         failure _d:  chd69

   analysis time _t:  time169

Cox regression -- Breslow method for ties

No. of subjects =         3154                        Number of obs   =      3154

No. of failures =          257

Time at risk    =      8464892

                                                                    LR chi2(2)      =     46.46

Log likelihood  =   -1993.7063                     Prob > chi2     =    0.0000

  ------------------------------------------------------------------------------

              _t |      Coef.   Std. Err.      z    P>|z|     [95% Conf. Interval]

  -------------+----------------------------------------------------------------

    rh           |

     dibpat0 |   1.369004   .3134204     4.37   0.000     .7547114    1.983297

  -------------+----------------------------------------------------------------

     t            |

     dibpat0 |  -.0003056   .0001618    -1.89   0.059    -.0006226    .0000114

  ------------------------------------------------------------------------------

Note: Second equation contains variables that continuously vary with respect to time; variables are interacted with current values of _t.

These fits show that the Relative Hazard associated with baseline behavior type iis estimated, at the beginning of follow-up (t = 0) to be 
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. After 9 years of follow-up the model estimates that the log Relative Hazard associated with baseline behavior type has declined to 
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; that is, the Relative Hazard has declined to be 
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. Thus, the baseline covariate has much less effect on the hazard 9 years out (suggesting that this modification to the simple proportional hazards model is to be preferred); the effect has a smallish p-value (0.059) for such an “interactive” effect, lending support to this observation.

We now repeat this analysis using the baseline measure of cigarette consumption, ncigs0:

. stcox  ncigs0

         failure _d:  chd69

   analysis time _t:  time169

Cox regression -- Breslow method for ties

No. of subjects =         3154                        Number of obs   =      3154

No. of failures =          257

Time at risk    =      8464892

                                                                    LR chi2(1)      =     33.56

Log likelihood  =   -2000.1532                     Prob > chi2     =    0.0000

  ------------------------------------------------------------------------------

              _t |   Haz. Ratio   Std. Err.       z    P>|z|     [95% Conf. Interval]

  -------------+----------------------------------------------------------------

      ncigs0 |   1.023091   .0038444     6.08   0.000     1.015584    1.030654

  ------------------------------------------------------------------------------

This model estimates the Relative Hazard associated with an increase of 20 in the baseline variable  ncigs 0 as 
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. This assumes a fixed effect over time (the simple version of proportional hazards); as before, we extend this by allowing the effect of ncigs0 to vary over time using the model:
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This fit yields:

. stcox   ncigs0, tvc(  ncigs0) texp(_t) 

Cox regression -- Breslow method for ties

Log likelihood  =   -1999.7528                     Prob > chi2     =    0.0000

  ------------------------------------------------------------------------------

              _t |   Haz. Ratio   Std. Err.      z       P>|z|     [95% Conf. Interval]

  -------------+----------------------------------------------------------------

    rh           |

       ncigs0 |    1.02964   .0082283     3.66   0.000     1.013638    1.045894

   -------------+----------------------------------------------------------------

     t            |

      ncigs0 |   .9999961   4.41e-06    -0.90   0.371     .9999874    1.000005

  -----------------------------------------------------------------------------

Note: Second equation contains variables that continuously vary with respect to time; variables are interacted with current values of _t.

Or in terms of log Relative Hazards:

. stcox   ncigs0, tvc(  ncigs0) texp(_t) nohr

 ------------------------------------------------------------------------------

             _t |      Coef.       Std. Err.         z      P>|z|        [95% Conf. Interval]

 -------------+----------------------------------------------------------------

   rh           |

      ncigs0 |   .0292088   .0079914     3.66   0.000     .0135458    .0448717

  -------------+----------------------------------------------------------------

    t            |

      ncigs0 |  -3.95e-06   4.41e-06    -0.90   0.371    -.0000126    4.70e-06

 ------------------------------------------------------------------------------

Note: Second equation contains variables that continuously vary with respect to time; variables are interacted with current values of _t.

The time-varying effects of ncigs0 are insignificant (p = 0.371). As before, the qualitative interpretation is similar. At baseline (t = 0), the Relative Hazard of an increase of 20 in ncigs0 is 
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. After 9 years, the log Relative Hazard declines to 
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. Equivalently, the Relative Hazard has declined to 
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. We reiterate that this decline is not significantly different from zero, given the available data.






































































































































































































































































_1122140481.unknown

_1122141444.unknown

_1122142577.unknown

_1122142779.unknown

_1122142090.unknown

_1122141300.unknown

_1122140277.unknown

_1122140359.unknown

_1122139849.unknown

