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Abstract

Objective: To give a comprehensive comparison of the performance of commonly applied interaction tests.
Methods: A literature review and simulation study was performed evaluating interaction tests on the odds ratio (OR) or the risk dif-

ference (RD) scales: Cochran Q (Q), BresloweDay (BD), Tarone, unconditional score, likelihood ratio (LR), Wald, and relative excess risk
due to interaction (RERI)-based tests.

Results: Review results agreed with results from our simulation study, which showed that on the OR scale, in small sample sizes (eg,
number of subjects � 250) the type 1 error rates of the LR test was 0.10; the BD and Tarone tests showed results around 0.05. On the RD
scale, the LR and RERI tests had error rates around 0.05. On both scales, tests did not differ regarding power. When exposure prevented the
outcome RERI-based tests were relatively underpowered (eg, N 5 100; RERI power 5 5% vs. Wald power 5 18%). With increasing sam-
ple size, difference decreased.

Conclusion: In small samples, interaction tests differed. On the OR scale, the Tarone and BD tests are recommended. On the RD scale,
the LR and RERI-based tests performed best. However, RERI-based tests are underpowered compared with other tests, when exposure pre-
vents the outcome, and sample size is limited. � 2014 Elsevier Inc. All rights reserved.
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1. Introduction

When studying the effect of medical treatments, physi-
cians may wonder whether the effect differs between
groups of patients. For example, the effects of aspirin in
preventing myocardial infarctions may be different in
men compared with women [1]. To explore whether

treatment effects indeed differ between subgroups of pa-
tients, one can stratify the study population according to
the subgroup of interest. An interaction test can then be per-
formed, which tests whether the treatment interacts with
certain patient characteristics (eg, gender) and thus whether
treatment effects indeed differ between subgroups [2,3].

The presence of interaction depends on the type of effect
measure that quantifies the relation between treatment and
outcome [4,5]. For example, in case of a binary outcome
(eg, myocardial infarction), an interaction can be present
on the OR (multiplicative) scale but absent on the RD (ad-
ditive) scale, or vice versa.

Previously, the performance of interaction tests was as-
sessed using simulation studies [6e11]. Most studies
focused on interaction tests using ORs, and no single study
compared all the commonly used interaction tests together
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What is new?

Key findings
� Results from both the review and the simulation

study showed that power was limited in small sam-
ple sizes (eg, �250 subjects) and that type 1 error
rates could be relatively high. On the risk differ-
ence (RD) scale, when exposure was protective,
the relative excess risk due to interaction (RERI)-
based tests were relatively underpowered
compared to other interaction tests. Given suffi-
cient sample size (asymptotically) and independent
of exposure being a risk factor or not. All interac-
tion tests performed equal.

What this adds to what was known?
� Up till now, a comprehensive overview including

all readily available and frequently used interaction
tests was lacking. Compared with the other odds
ratio (OR) interaction tests, the Tarone and Bre-
sloweDay (BD) tests had type 1 error rates closest
to 0.05. Among the RD tests, the likelihood ratio
(LR) and RERI-based tests had type 1 error rates
closest to 0.05. Previous research showed that the
RERI should be recoded when exposure prevents
the outcome. The present study revealed that re-
coding is unnecessary when exposure is protective
and sample size is sufficiently large (eg, 1,000 sub-
jects). Performance of all tests was equal in such
settings.

What is the implication and what should change
now?
� When comparing subgroup-specific effect using

interaction test, researchers should be aware of the
following: (1) When sample size is sufficiently large
(eg, 500e1,000 subjects) and the choice of interac-
tion test is irrelevant, they all performed equally. (2)
In small sample sizes, depending on the tests chosen,
type 1 error can be as high as 0.10. Therefore,
exploring interactions in such settings might not be
appropriate. If interaction testing is pursued in such
settings, on the OR scale, the Tarone or BD test,
and on the RD scale, the LR or RERI-based test
should be used. (3) Users of the RERI-based tests
should be aware of its behaviorwhen exposure is pro-
tective and should consider recoding the statistic or
use one of the other RD tests when sample size is
limited.

in one scenario. We aimed to provide a comprehensive
comparison of commonly applied test on the OR scale
and the RD scale (specifically the Cochran Q [Q], BD,

Tarone, unconditional score [Score], LR, and Wald test
and tests based on the RERI). First, a systematic review
was conducted providing an overview of previous simula-
tions studies. Obviously, each simulation study used
different simulation scenarios which could potentially
explain any dissimilarity in performance between interac-
tion tests. Therefore, in a second part we conducted a simu-
lation study to compare all of the previously mentioned
interaction tests under equal simulation conditions.

2. Methods

The review and subsequent simulation study evaluated
the following asymptotic interaction tests: on the OR scale
the Q, BD, Tarone, Score, LR, and the Wald test were
compared. For the RD scale we compared the Q, LR, and
the Wald test and tests based on the RERI. To our knowl-
edge no variance estimator is available for the BD, Tarone,
and Score tests using the RD scale, therefore these tests
were not assessed for the RD scale. Similarly, the RERI
is specifically proposed for estimating interaction on an
RD scale using risk ratios (RRs) and, therefore, was only
evaluated on the RD scale. For the formulae of these inter-
action tests we refer to Appendix I at www.jclinepi.com. In
both the review and the subsequent simulation study we
focused on sparse data scenarios because asymptotic tests
differ in such settings. In small sample sizes, power is often
limited therefore, while exploring both power and type 1
error rates, we focus on the latter.

2.1. Systematic review

Using the following search terms in title or abstract,
Medline was searched (date: 5/24/13): (homogeneity OR
modification OR interaction OR synergism OR antago-
nism) AND (simulation OR ‘‘monte carlo’’) AND (effect
OR test OR statistic OR power OR significance)

Articles were screened and included when they (1) pre-
sented results from a simulation study, (2) assessed the per-
formance of the previously mentioned interaction tests for
dichotomous outcomes, and (3) were published in English.
This was supplemented with a Scopus [12]-based cross-
reference search.

2.2. Simulation study

A simulation study was performed to assess the statisti-
cal performance of the previously mentioned interaction
tests. Most evaluated tests are only applicable to categorical
data and, therefore, all simulations were based on scenarios
with two dichotomous exposures (ie, X and S ) and a dichot-
omous outcome. In such settings, subjects can be in one of
four possible exposure categories, indicated by i 5 0 or 1 if
exposure to X is absent or present, and j5 0 or 1 depending
on the absence or presence of exposure to S. The corre-
sponding outcome probabilities are indicated by Pij.
Initially, six scenarios (AeF, see Table 1) were created,
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