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Letters

Estimating Multivariate Risk-Difference Models in Case-Control

Studies

To the Editor:

Wacholder
1
 recently presented the missing-data paradigm for case-control studies.

This approach allowed him to obtain quasi-likelihood or full-likelihood estimates of

absolute risks and risk differences, given that the size of the population from which

the cases were identified is known. Wacholder stated: "This is, I believe, the first time

that the parameters of a multivariate risk difference or, in fact, any multivariate model

outside of the class of multiplicative intercept models have been obtained from a

case-control study." Although I commend his work, I would like to note my previous,

alternative method,
2
 which essentially attains the same objective.

Conceptually, my approach was to follow the principle of study base
3
 (the population

experience giving rise to the disease occurrence over the studied period of time). In

my paper,
2
 I presented first a stratified analysis for risks, risk differences, and risk

ratios for case-control data, where the controls represented a random sample from the

total cohort (or dynamic) population from which the cases derive. I obtained the

person (or person-time) denominators of the risk (or rate) measures by allocating the

size of the total population experience into the respective cells of the multiway-

contingency table proportionally to the empirical exposure-covariate distribution of the

random sample. I then relaxed the assumption of constant risk ratio by modeling it as

a baseline risk ratio multiplied by an exponential function of covariates and fitted the

multivariate regression model using the program GLIM.
4

In a completely analogous manner, the proposed modeling approach can be applied to

the analysis of risk differences as well. The program yields the same maximum

likelihood estimates of the parameters as those obtained by the stratified method with

discrete covariates. The standard errors that the program produces for a Poisson rate

model with a logarithmic link or for a binomial risk model with an identity link are too

small, however. An estimate of the appropriate increase in the standard errors,

Epidemiology Letters 1-97 file:///C:/Users/Markku/MarkStat/MS Publications/Epidem...

1 of 3 5/14/2014 2:36 PM



modeled via a scale parameter (default value = 1), can be deduced by dividing the

width of the confidence interval for stratified case-base data by that for the inferred

full-cohort data. The former procedure formally accounts for the sampling variability

arising from the random sample, whereas the latter application gives estimates of the

standard errors had there been no sampling of the cohort. In either case, the interval

estimates are obtained from the profile likelihood
eg,5

 ratio statistic derived under the

Poisson-binomial model for case-base data.
2

To compare the application of the two methods, I re-analyzed the case-control data

used by Wacholder (his Table 2) as an example. The study stratum comprised a total

of 531 cases and a random sample of 607 persons from a subpopulation of over

90,000 nondiseased white men age 65-79 years. The additive risk-difference model

(the same as Wacholder's Model 2) with a baseline risk parameter and parameters for

the factorial effects of smoking habits (four categories) and occupational exposure

(two categories) provided a good fit for the empirical data (scale parameter = l.78,

scaled deviance = 0.44, residual degrees of freedom = 3). The estimates of baseline

risks and of risk differences obtained by the two likelihood methods are in good

agreement (Table 1). The fact that, in this particular dataset, 195 cases had unknown

exposure information, which increased the sampling variability, most probably explains

why the standard error estimates computed by Wacholder are somewhat larger. This

extra variation was not accounted for in my approach, which assumed that the

classification of the entire case sample according to exposure status was known.

TABLE 1. Comparison of Estimates (x10
5
) of Baseline Risk and Risk

Differences for Annual Risk of Bladder Cancer by Smoking Obtained by Using

Two Likelihood-Based Methods

Risk Difference

Smoking Habit

Method and

Reference

Baseline Risk:

R
0
*

RD
1
† RD

2
† RD

3
†

Occupational

Exposure:

RD‡

Wacholder
1

  Parameter

estimates
271 106 175 487 292

  Standard errors 55 74 177 135 72

Nurminen
2

  Parameter

estimates
272 105 182 486 292
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  Standard errors 52 67 151 110 64

*Risk of nonsmokers who are not occupationally exposed.

†Difference in risk of former/light/heavy smokers compared with baseline.

‡Difference in risk of those occupationally exposed compared with baseline.
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Dr. Wacholder declined to respond to Dr. Nurminen's letter.
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