
Additional Exercise 4.3

Data: presence or absence of disease (liver cirrhosis) of patients in two cities and classified as
alcoholics/non-alcoholics. The most natural notation is,

yijk = presence (1) or absence (0) of disease for k’th person in city i and in alcoholic group j,
i = 1, 0 (New York, Philadelphia), j = 1, 0 (alcoholic, non-alcoholic), k = 1, ..., nij .

An alternative notation would just use yi, with i referring to patient number, i = 1, . . . , 4600.

Statistical models:
The data are grouped with four groups, corresponding to the combinations of city and alcoholic status,
and the full model for grouped data simply assumes independent binomial distributions for the four
groups. We could phrase this as,

Pr(yijk = 1) = pij , with no restrictions on the pij ’s.

The additive logistic regression model imposes the restriction that

logit(pij) = µ+ αi + βj .

Effectively, this model assumes no interaction on logistic scale between effects of city and alcoholic
groups. Adding the interaction takes us back to the full model without any reduction in the description
of the data. The Minitab output from fitting those two models is shown on the next page.

Interpretation of results:
The deviance and Pearson goodness-of-fit statistics for the additive model are both non-significant,
indicating no evidence of interaction between effects of city and alcohol group. The Hosmer-Lemeshow
test is less useful here (its main use is for ungrouped data). We also see that the interaction term in
the full model is non-significant (with the same P -value), this is an equivalent way of assessing model
fit for the additive model.

In the additive model, the z-tests for city and alcohol are both clearly significant, so we do not
bother calculating the likelihood ratio statistics (by fitting the relevant submodels and computing the
differences in deviance).

The odds-ratio for city (Philadelphia vs. New York) is 0.51, which means that the risk (odds) of being
diseased is about twice as high in the patient group in New York than in Philadelphia. It is not clear
what that really means, because it may very well relate to the selection of the patients. Maybe cities
should be considered as blocks, and not be given any particular interpretation.

The odds-ratio for alcohol group (alcoholic vs. non-alcoholic) is 9.1, which means that the risk (odds)
for disease is much higher in the alcoholic group. Maybe not surprising, with today’s understanding,
but these data are from before 1942.
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