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Biostatistics 208, Lab #8 Discussion 02/27/20 
 
Question 1. What do you conclude about the association between chd69 and arcus 
based on the odds ratio and its 95% confidence interval? How do these conclusions 
correspond to the result of the chi-squared test provided?  
 
. cs chd69 arcus, or  
                 | arcus senilis          |  
                 |   Exposed   Unexposed  |     Total  
-----------------+------------------------+----------  
           Cases |       102         153  |       255  
        Noncases |       839        2058  |      2897  
-----------------+------------------------+----------  
           Total |       941        2211  |      3152  
                 |                        |  
            Risk |  .1083953    .0691995  |   .080901  
                 |                        |  
                 |      Point estimate    |  [95% Conf. Interval]  
                 |------------------------+----------------------  
 Risk difference |         .0391959       |  .0166915    .0617003  
      Risk ratio |         1.566419       |  1.233865    1.988603  
 Attr. frac. ex. |         .3616011       |  .1895387    .4971343  
 Attr. frac. pop |         .1446404       |  
      Odds ratio |          1.63528       |  1.257732    2.126197  (Cornfield)  
                 +-----------------------------------------------  
                             chi2(1) =    13.64  Pr>chi2 = 0.0002  
 
The odds ratio for CHD comparing subjects with arcus to subjects without arcus is 1.64 
with 95% confidence interval from 1.26 to 2.13. The confidence interval excludes 1, 
which is the odds ratio if there is no association. Hence, we can conclude there is a 
positive association between arcus and CHD. We also see that the estimated association 
is probably not extremely strong (as evidenced by the upper bound of the 95% CI, 2.1). 
The CI agrees with the chi-squared test results: the test rejects the null hypothesis of no 
association between arcus and CHD at the 5% significance level.  
 
A couple of points: first, the odds ratio agrees with the chi-squared test but adds much 
more information. An analysis limited to the chi-squared test will allow us to reject the 
hypothesis of no association, but it omits 3 pieces of important information: the direction 
of the association, the magnitude of the association and the plausible magnitude of the 
association. The odds ratio and the confidence interval give this information. Second, in 
general, there is a close correspondence between hypothesis tests and confidence 
intervals in statistics. If a 95% confidence interval excludes a particular value (e.g., 1) 
then this is equivalent to rejecting a 0.05 level two- sided test of the null hypothesis that 
the parameter equals 1. We saw an example in class where the Fisher exact test and the 
CI didn’t agree (the CI excluded 1 but the exact test had p=0.06). Different tests may use 
different approximations and will sometimes disagree slightly. 
 
 
Question 2. Does fitting the logistic regression model add anything to our understanding 
of the association between these two variables (considering the results from the prior 
analysis based on the cs command)?  
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Logistic regression                             Number of obs     =      3,152 
                                                LR chi2(1)        =      12.98 
                                                Prob > chi2       =     0.0003 
Log likelihood = -879.10783                     Pseudo R2         =     0.0073 
 
------------------------------------------------------------------------------ 
       chd69 | Odds Ratio   Std. Err.      z    P>|z|     [95% Conf. Interval] 
-------------+---------------------------------------------------------------- 
       arcus |   1.635281   .2195036     3.66   0.000     1.257001    2.127399 
       _cons |    .074344   .0062298   -31.02   0.000     .0630839    .0876141 
------------------------------------------------------------------------------ 
Note: _cons estimates baseline odds. 
Not really. We get the odds ratio, confidence interval and two tests (Wald and Likelihood  
Ratio). They correspond closely to the results we got from the epitab analysis above.  
In general, a logistic regression model of the association between a binary outcome and a 
single binary predictor will agree with the corresponding two-by-two table analysis based 
on a chi-squared test. Recall that the same agreement holds between linear regression 
involving a single binary predictor (and continuous outcome) and the corresponding the t-
test for comparing outcome averages in the two groups. 
 
As discussed in lecture, the frequency table approach breaks down a bit when we 
consider a continuous variable like age.  
 
Question 3. What do the proportions of participants with CHD reveal about the 
association between CHD risk and age?  
 
CHD event  |     35-40      41-45      46-50      51-55      56-60 |     Total  
-----------+-------------------------------------------------------+----------  
        no |       512      1,036        680        463        206 |     2,897  
           |     94.29      94.96      90.67      87.69      85.12 |     91.85  
-----------+-------------------------------------------------------+----------  
       yes |        31         55         70         65         36 |       257  
           |      5.71       5.04       9.33      12.31      14.88 |      8.15  
-----------+-------------------------------------------------------+----------  
     Total |       543      1,091        750        528        242 |     3,154  
           |    100.00     100.00     100.00     100.00     100.00 |    100.00 
 
Overall, we see the proportion developing CHD seems to increase with age. However, the 
proportion is similar between the 35-40 year-old age category and the 41-45 year-old age 
category. Hence, there appears to be an association between age and CHD. The actual 
form of this relationship is unclear, partially due to our arbitrary selection of five-year 
age groups. 
 
 
Question 4. What do the results from the tabodds analyses allow you to conclude 
about the dependence of CHD risk on age? 
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. tabodds chd69 agec, or  
---------------------------------------------------------------------------  
        agec |  Odds Ratio       chi2       P>chi2     [95% Conf. Interval]  
-------------+-------------------------------------------------------------  
       35-40 |    1.000000          .           .              .          .  
       41-45 |    0.876822       0.32       0.5692      0.557454   1.379156  
       46-50 |    1.700190       5.74       0.0166      1.095789   2.637958  
       51-55 |    2.318679      14.28       0.0002      1.479779   3.633160  
       56-60 |    2.886314      18.00       0.0000      1.728069   4.820876  
---------------------------------------------------------------------------  
Test of homogeneity (equal odds): chi2(4)  =    46.64  
                                  Pr>chi2  =   0.0000  
Score test for trend of odds:     chi2(1)  =    40.76  
                                  Pr>chi2  =   0.0000  
 
We see that the odds ratio generally increases with the age categories with the exception 
of the category of age 41-45. We see that there is a trend between the odds of CHD and 
the age categories and this is highly significant by the trend test.  
 
The corresponding results from the logistic model are below: 
 
. logistic chd69 i.agec 
 
Logistic regression                               Number of obs   =       3154 
                                                  LR chi2(4)      =      44.95 
                                                  Prob > chi2     =     0.0000 
Log likelihood = -868.14866                       Pseudo R2       =     0.0252 
 
------------------------------------------------------------------------------ 
       chd69 | Odds Ratio   Std. Err.      z    P>|z|     [95% Conf. Interval] 
-------------+---------------------------------------------------------------- 
        agec | 
          1  |   .8768215   .2025406    -0.57   0.569     .5575563    1.378903 
          2  |    1.70019   .3800504     2.37   0.018     1.097046    2.634935 
          3  |   2.318679   .5274963     3.70   0.000     1.484545    3.621494 
          4  |   2.886314   .7462298     4.10   0.000     1.738895    4.790864 
             | 
       _cons |   .0605469   .0111989   -15.16   0.000     .0421358    .0870026 
------------------------------------------------------------------------------ 
 
 
 
. testparm i.agec 
 
 ( 1)  [chd69]1.agec = 0 
 ( 2)  [chd69]2.agec = 0 
 ( 3)  [chd69]3.agec = 0 
 ( 4)  [chd69]4.agec = 0 
 
           chi2(  4) =   44.08 
         Prob > chi2 =    0.0000 
 
test -1.agec + 3.agec + 2*4.agec=0 
 
 ( 1)  - [chd69]1.agec + [chd69]3.agec + 2*[chd69]4.agec = 0 
 
           chi2(  1) =   31.45 
         Prob > chi2 =    0.0000 
 
Note that in newer versions of Stata, linear trend can also be evaluated using the 
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contrast statement as shown below (and discussed in lecture 3):    
 
. contrast q(1).agec, noeffects 
 
Contrasts of marginal linear predictions 
 
Margins      : asbalanced 
 
------------------------------------------------ 
             |         df        chi2     P>chi2 
-------------+---------------------------------- 
        agec |          1       31.45     0.0000 
------------------------------------------------ 
  
Question 5. What does the resulting plot reveal about the relationship between (the log 
odds of) CHD risk and age?  
 
This plot is a non-parametric estimate of the shape of the log odds and age. We are trying 
to assess whether or not a linear relationship is reasonable. It appears to be reasonably 
linear from about 42 on, but it appears flat to decreasing from 39ish to 42ish.  
 
Question 6: What can you conclude about the adequacy of the linear logistic model for 
the relationship between CHD risk and age? Do you have an explanation for the 
apparently increased CHD risk for the youngest (aged 39) participants (relative to the 
other "younger" age groups)?  
 
We get a plot that includes 3 predictions of the log odds: linear and nonlinear (spline) 
logistic regression estimates, and a non-parametric, smooth LOWESS estimate. At the 
younger ages, logistic regression predicts a risk (measured on the log odds scale) that is 
lower than is observed in the data. Perhaps the younger subjects are at higher CHD risk 
due to unmeasured factors, and are different than the older cohort members in this 
respect. The linear logistic model also appears to underestimate the log odds for ages in 
the range 42-47, and over-predict for the ages 47-65. Overall, the spline model appears to 
provide a reasonable description of the relationship. 
 
Using the xblc command to plot the relationship between the log odds / probability of 
CHD and age provides a good graphical summary, and includes confidence limits. Note 
that you can also use this approach for models including additional adjustment variables. 
However, these are set to zero for estimation, so centering of continuous predictors and 
careful coding of categorical predictors is helpful for interpretation. 


