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Letters to the Editor
The Implications of Using Binary Outcomes in
Mediation Analysis
To the Editor:
We were interested to read the study by Carriere and
colleagues1 in the December 2015 issue of The Journal
of Pain that tested a theory of the psychological processes that underlie the development of poor outcome
in patients with whiplash injuries. Because these processes have been largely untested, the findings hold significant potential to improve our understanding of this
difficult to manage patient group. The results showed
that expectancies mediated the pathway from pain catastrophizing to return-to-work status, and fear of movement to return-to-work status. The authors concluded
that expectancies should be targeted by interventions
that aim to improve return-to-work rates.
Carriere et al conducted their mediation analysis using the product of coefficients method.7 Although
this is a common method,5 it relies on a specific statistical model (linear regression) that does not accommodate nonlinear relationships between the exposure,
mediator, and outcome.4,12 Therefore, using the
product of coefficients method to model binary
outcomes (that might require logistic or log linear
models) is likely to lead to biased estimates in which
the total effect does not accurately decompose into
an indirect and direct effect.12 That is, the sum of the
indirect and direct effect should equal the total effect.
We therefore were not surprised to see that the total
effects reported by Carriere et al1 did not accurately
decompose into indirect and direct effects (Figure 2 in
Carriere et al) because they used a binary outcome—‘return-to-work status.’ We think that this might be due to
the limitations of the product of coefficients approach.
Because it is important to know not only whether but
also how much of the effect of catastrophizing on
pain, and fear on pain is mediated via expectancies, it
is critical that the mediation analysis accurately decomposes the total effect.
Hopin Lee is supported by a National Health and Medical Research
Council of Australia – PhD Scholarship; James H. McAuley by National
Health and Medical Research Council of Australia – grants ID 1008017
and 1047827.
The authors have no conflicts of interest to declare.
Address reprint requests to Hopin Lee, MPhty, Barker St, Randwick, NSW
2031, Australia. E-mail: h.lee@neura.edu.au
1526-5900/$36.00
ª 2016 by the American Pain Society
http://dx.doi.org/10.1016/j.jpain.2016.03.007

Recent advances in ‘causal mediation analysis’ have
developed counterfactual definitions of total, indirect,
and direct effects that do not rely on specific statistical
models.4,8,11 This flexible approach allows the use of
generalized linear models to model linear, logistic, or
Poisson distributions. Practically, this allows the
investigator to accurately decompose the total effect
into indirect and direct effects, even with binary
outcomes. These approaches can be implemented in
common statistical packages including: Stata,2 R,9
SPSS,10 and SAS.10 An alternative approach that can
also accommodate categorical variables has been proposed by Iacobucci,3 and MacKinnon and Cox.6
Although it is unclear whether taking a different
analytical approach would result in substantively
different conclusions, using contemporary methods that
can accurately model binary outcomes would make the
findings of Carriere et al1 more tenable. Thus, we humbly
urge the authors to reanalyze their data using one of the
approaches listed previously. This should allow for an
accurate decomposition of the total effect that can
show what proportion of the effect of catastrophizing
and fear on pain is mediated through expectancy. These
results would further contribute to our empirical evidence for theoretical models that underpin how we
might adapt treatments to allow patients with whiplash
to return to work. The use of mediation analyses is
growing in the pain field. Attention to the nuances of
analytical approaches to mediation deserves attention.
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