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How much should we really care whether a description says “comparison” or
“change”? Will it lead to a mistake if we say “held constant” instead of “all other
things being equal” or “clamping the other variables”? Is there a single best phrase
that should be prescribed to all textbooks that discuss the interpretation of coefficients
in a regression model? The article by Dr. Hoaglin presents advice on interpretation of
regression models and criticism of some commonly applied interpretations.

The author states that 1) the correct interpretation of regression coefficients is ev-
ident in added-variable plots; 2) the correct interpretation should be based on an ex-
amination of coefficients in multivariate normal distributions and the geometry of least
squares; and 3) the proper application of multivariable models requires caution in cal-
culating predictions that average over other variables.

To motivate the discussion, the author uses a notation that places two pieces of
information in the subscript of regression parameters. The first part of the subscript
identifies the outcome variable and the subscript of the associated covariate. The sec-
ond part of the subscript identifies the concomitant covariates in the model. In most
textbooks (and nearly all articles), this notation is simplified to identify the associated
covariate only because the rest of the information is available in context.

Dr. Hoaglin advocates the phrase “adjusting for” instead of “controlling for” when
identifying concomitant covariates in discussion of the interpretation of a particular
covariate of interest. I agree with the author’s assertion that “controlling for” could
imply that randomization rules were applied over those covariates in the collection of
data.

To illustrate added-variable plots, the author uses Stata’s ubiquitous automobile
dataset. In the example, two correlated covariates are specified in a linear regression
model of gallons per 100 miles: the total weight of the car in pounds (weight) and the
cubic inch displacement of the car’s engine (displacement). The example illustrates that
even though each covariate has a strong relationship as evidenced in a scatterplot, nei-
ther appears to be significantly associated with the outcome variable in a multivariable
regression. Indeed, in the univariate models, each covariate is found to have a significant
association with the outcome variable.

In sections 3 and 4, the author cautions that in most cases, independent variables
take on a limited set of values. As such, obtaining predicted values for which one
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covariate is allowed to change while other covariates are fixed at their mean may not be
meaningful. Not only may mean values of certain covariates lack meaning, any specific
covariate pattern used in a prediction could be unrepresented in the data. In the vast
majority of cases in public health, predictions are obtained for groups, and the model
assumptions adequately address this given that it is the comparison of the predictions
that is germane.

In section 4, Dr. Hoaglin cautions against the “holding other covariates constant”
phrase when interpreting a coefficient associated with a variable that enters the model
in multiple ways either as part of an interaction or in an additional function form as
is the case in polynomial models. All authors (of texts to which I had access in my
bookshelf) go to great lengths to cover interpretation in such models, and none of them
advocate using this phrase in those instances.

The added-variable plot and the initial sections lead Dr. Hoaglin to favoring the
phrase “the change in the outcome per unit increase in the covariate of interest after
adjusting for simultaneous linear change in the data at hand” over “the change in
the outcome per unit increase in the covariate of interest holding the other variables
constant”. There is nothing I can say against this preference. Although accurate, the
author’s phrase leaves me unsatisfied. But I would never use that phrase. It is dull
and lifeless; it fails to illuminate or highlight, and it forces an awkward overly wordy
presentation of something that, frankly, I do not mind leaving a little vague.

At worst, “held constant” is a placeholder with which we have become a little too
comfortable. That phrase is a nod toward the fitted model and the model’s underly-
ing assumptions. Once the model is fit, and under the assumptions of that model, a
researcher can make calculations despite any lack of covariate pattern representation of
the particular sample. If we cannot interpret those calculations in terms of the model,
then what good is it?

Rather than what specific phrasing was used to describe coefficients and marginal
means, I found the examples far more compelling for a different prescription: the inclu-
sion of detailed tabulations, summaries, and regression plots. I contend that the “held
constant” phrase is not as relevant as the inclusion of important contextual information.


