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CHAPTER 2

Abstract

Many clinical epidemiological studies investigate whether a certain exposure, or risk factor, is
associated with the incidence of disease or mortality. It may be of interest to study whether this
association is different in different types of patients, or to study joint effects. To investigate whether
the effect of one risk factor differs across the strata of another risk factor, the presence of interaction
among two risk factors can be examined. In statistics, interaction refers to the inclusion of a product
term of two risk factors in a statistical model. Statistical interaction thereby evaluates whether the
association deviates from either additivity or multiplicativity, depending on the scale of the model.
From a public health perspective, the assessment of interaction on an additive scale may be most
relevant. For a transparent presentation of interaction effects, it is recommended to report the
separate effect of each exposure as well as the joint effect compared to the unexposed group as a
joint reference category to permit evaluation of interaction on both an additive and multiplicative
scale.
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Introduction

Interaction between risk factors

Many clinical epidemiological studies investigate whether exposure, or a risk factor, is
associated with the development or progression of disease or mortality. It may be of interest to
study whether this association is different in different types of patients. For example, we might
want to know whether the observed association between exposure to life style risk factors and
the incidence of chronic kidney disease (CKD) differs between men and women.# Besides
observational studies, randomized clinical trials commonly evaluate whether treatment effects
differ across certain subgroups. For example, the Cathedia study randomized 750 critically ill
patients requiring acute renal replacement therapy to receive jugular or femoral vein
catheterization, and studied if rates of infectious complications differed in predefined subgroups
of catheter insertion time, body mass index, sex, and type of renal replacement therapy.2 In
order to address such research questions, it can be examined whether the effect of one risk
factor on a certain outcome differs across strata of another risk factor. In other words, the
presence of interaction can be examined.

In the literature, interaction is studied and reported in several different ways.67 A literature
survey concluded that the reporting of interaction in the medical and epidemiological literature
is inadequate.6 One common mistake is the comparison of p values across subgroups and to
conclude that interaction is present when there is a statistically significant association in one
category (for example, men) but not in the other (women).6:8 This paper illustrates to what
extent different approaches of the concept interaction can result in different answers to a
research question and shows how interaction can be examined on an additive scale using
incidence rates.

Statistical interaction

In statistics, interaction refers to the inclusion of a product term of two risk factors in a
statistical model for a better fit of the model.? Statistical interaction thereby evaluates whether
the association deviates from either additivity or multiplicativity, depending on the scale of the
model. In this way, the presence of interaction and its interpretation depend on the underlying
scale of the model. For example, in a linear regression model, statistical interaction indicates that
the association between the two risk factors and the outcome under study is no longer additive
(for example, the interaction between salt intake and age in the association with blood pressure
as a continuous outcome variable). In contrast, logistic and Cox regression models are
multiplicative models. Statistical interaction in such models (for example, the interaction
between salt intake and age in association with hypertension as a dichotomous outcome
variable) indicates a deviation from multiplicativity, rather than from additivity. This may not be
a problem as long as the researcher is aware that the choice of the statistical model and
underlying scale has an impact on the interpretation of the interaction effect. However, from a
public health perspective, the assessment of interaction on an additive scale may be most
relevant.8-10
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Interaction on an additive scale

A departure from risk additivity implies that the number of cases attributable to the combined
effect of two risk factors is more or less than the sum of the number of cases that would be
caused by each risk factor separately. In the absence of bias, departures from risk additivity
imply that some subgroups would obtain a greater absolute risk reduction from the intervention
than others would.%-1! Therefore, the additive scale, which uses absolute risks, may be most
relevant for public health and clinical decision making.8
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Figure. Incidence rates of composite outcome per 1,000 PY in 26,147 individuals during 10 years of follow-up
without CKD or CVD, with CKD or CVD or with both CKD and CVD at baseline.® The dotted line indicates the
background rate (16.9/1,000 PY); the straight line indicates exact additivity of effects.
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Table 1. Incidence rates of catheter colonization per 1000 catheter-days by femoral or jugular vein
catheterization and body mass index (BMI) in 750 critically ill patients requiring acute renal replacement

therapy.2
Catheter site  BMI Incidence rate
Femoral vein  <24.2 kg/m’ 23.7
Jugularvein  <24.2 kg/m? 45.4
Femoral vein  >28.4 kg/m’ 50.9
Jugularvein  >28.4 kg/m? 24.5

Table 2. Crude mortality rates per 100 person-year and adjusted hazard ratios in 1,443 dialysis patients in

1
seven years of follow-up.

Age SRH Mortality rate/100py Hazard ratio (95% Cl)

> 65 years Poor 35.3 10.6 (2.5,45.7)
> 65 years Good 9.0 4.5(0.9,21.8)
< 65 years Poor 24.5 8.0(1.9,34.5)
<65 years Good 1.4 1 (reference)

SRH: Self-rated health, py: person-year, 95% Cl: 95% Confidence interval

Conclusion

The interpretation of statistical interaction is not consistent. From a public health perspective,
the assessment of interaction on an additive scale may be most relevant. When using product
terms in statistical models, one should consider whether the underlying scale of the model is
additive or multiplicative. Since logistic regression is the most commonly used model in clinical
research, the majority of analyses of epidemiologic data are performed on a multiplicative scale.
An accompanying paper in this series presents surrogate measures of additive interaction that
can be used to evaluate interaction on an additive scale, using effect measures derived from
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multiplicative models.12 For a transparent presentation of interaction effects it is recommended

to report the separate effect of each exposure as well as the joint effect, each relative to the

unexposed group as joint reference category (as shown in Tables 1 and 2).813 This will provide

the reader with sufficient information to evaluate the presence of interaction on both an additive
and multiplicative scale.8
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