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 In this article, we consider whether adjustments to study 
designs, particularly of clinical trials, might provide impor-
tant information to help explain how interventions for 

patients with low back pain (LBP) work. Back pain clinical tri-
als have typically shown small effects associated with various 
treatments as compared with no treatment or current usual 
care, which could mean that these treatments are not very 
effective, 1  ,  2  or that the treatments are only effective for spe-
cifi c clinical subgroups and interventions therefore need bet-
ter targeting. 3  However, researchers also need to consider new 
methods to optimize treatment outcomes by investigating the 
processes which explain how or why specifi c  treatments work. 4  
Such studies have been referred to as mediation  analyses, 5  
and this article seeks to highlight why and how future studies 
should be designed to incorporate mediation analyses. 

 The primary importance of mediation analysis is that it can 
help us understand how to improve treatments for patients 
with back pain. For example, psychological factors such as 
fear avoidance and self-effi cacy are known to be predictive of 
patient outcomes such as disability and return to work, but it 
is less clear whether targeting an intervention specifi cally at 
reducing fear avoidance or increasing self-effi cacy is able to 
further improve such outcomes. By analyzing the causal path-
way between treatment, potential mediators and outcomes, we 
can identify the key factors to focus on during treatment and 

also identify which factors do not mediate outcome, to further 
streamline and improve intervention effi cacy and effi ciency. 

 At the Twelfth International Low Back Pain Primary Care 
Research Forum in Odense, Denmark 2012, a dedicated 
workshop was held in which various aspects of mediation 
study design were explored and methodological consider-
ations discussed. The workshop brought together experienced 
and internationally recognized LBP researchers and clini-
cians to provide an overview of the importance of mediation 
analyses and explore its usefulness in testing our assumptions 
about how our interventions may be infl uencing outcomes. 
We provide a summary of the workshop fi ndings and discuss 
the implications for embedding mediation analysis methodol-
ogy within future interventional research. We also offer defi -
nitions for some commonly used and misused terms, provide 
examples of mediation research using different study designs, 
and incorporate information on the methodology of media-
tion analysis from the wider literature, to formulate recom-
mendations for future mediation research in the fi eld of LBP. 

 It is important to acknowledge that while the focus of this 
article is on mediators of specifi c treatment effects, the identi-
fi cation of mediator variables often comes from a program of 
work, which may involve different study designs. This article 
therefore includes a discussion of research using observational 
designs to explore mediating processes, although the limita-
tions of evidence from such studies is noted and ultimately 
randomized controlled trials (RCTs) are required to confi rm 
which factors mediate specifi c treatment effects.  

 CONCEPT DEFINITIONS 
 When longitudinal data from an observational study (single 
groups of individuals observed over time) or an intervention 
study (2 or more groups of individuals, exposed to different 
treatment conditions) are analyzed, some factors may be con-
sistently predictive of outcome. However, although such fac-
tors may show a statistical association with outcome follow-
ing treatment, the relationship can take a number of different 
forms such as follows: a prognostic factor, a treatment effect 
moderator, or a treatment effect mediator.  

 Prognostic Factors 
 Prognostic factors are baseline characteristics that are asso-
ciated with outcome regardless of treatment, such as high 
baseline pain and high baseline activity limitation, which 
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are generally known to be associated with poor outcome in 
patients with spinal pain across a variety of different treatment 
interventions. Therefore, in an RCT, a prognostic factor might 
predict outcome for patients in both the intervention and con-
trol groups. In intervention studies, prognostic factors have 
also been called nonspecifi c predictors of treatment outcome. 5  
In statistical terms, they are baseline variables that are associ-
ated with outcome (they have a signifi cant main effect only) 
but do not correlate or interact with treatment allocation. 5    

 Treatment Effect Moderators 
 A treatment effect moderator is a baseline variable that identi-
fi es people who do better or worse with a given treatment. 
These factors specify for whom and under what circumstances 
a treatment is most effective and are therefore central to strati-
fi ed care that targets specifi c subgroups of people. For exam-
ple, treatment A may work better for people with high fear 
of movement (who) or in people seeking primary care rather 
than secondary care (what circumstances) compared with 
treatment B. In statistical terms, treatment effect moderators 
stratify or subgroup the effect of a particular treatment and are 
indicated by a statistical interaction between treatment alloca-
tion (treatment A  vs . B), time and subgroup ( e.g. , high  vs . low 
fear). 5  In some fi elds of research, treatment effect moderators 
are also referred to as effect modifi ers or predictors of differ-
ential treatment effect, but these terms refer to the same thing. 6    

 Treatment Effect Mediators 
 In contrast to prognostic factors and treatment effect mod-
erators, which are both measured only at baseline, treatment 
effect mediators are factors that change in response to a spe-
cifi c treatment and should therefore not only be measured at 
baseline but also during and after treatment. These factors 
help explain the relationship between treatment and out-
come, and may therefore help identify the causal mechanisms 
by which treatments work. The identifi cation of mediators 
can potentially improve treatment effects by strengthening 
the infl uence of the mediating factors involved in producing 
the treatment effect. Hypothetically it might be that in order 
for cognitive behavioral therapy (the treatment) to reduce 
activity limitation (the outcome), a patient’s self-effi cacy (the 
mediator) needs to be strengthened, and that in the absence of 
self-effi cacy improving, cognitive behavioral therapy will not 
be as effective as it otherwise might be. In statistical terms, 
changes in mediator scores are associated with specifi c treat-
ment allocation ( i.e. , differ between intervention groups), and 
change in the mediator has a direct association with change in 
treatment outcome 5  ( Figure 1 ).       

 STUDY DESIGN IN MEDIATION ANALYSIS 
 An attractive aspect of mediation analysis is its applicabil-
ity to different study designs. The analytical process can be 
applied to data from cross-sectional studies, longitudinal 
observational cohorts and RCTs. However, different study 
designs do impose different limitations on the nature of the 
research question that can be answered and also the certainty 
with which causal inferences can be made.   

 Cross-sectional Designs 
 Mediation analysis has often been used with data from 
cross-sectional studies. With a convincing biological ratio-
nale and  a priori  defi ned hypotheses, these data can provide 
some evidence in support of pre-existing theory or be used 
to identify promising potential pathways that can then be 
tested and confi rmed  via  more robust designs such as RCTs. 
However, causal inference requires a specifi ed temporal 
(time-based) ordering of the investigated variables, and in 
cross-sectional studies where participants are only assessed 
at 1 time point, no temporal link can be made. Many pub-
lications that report the use of this design do acknowledge 
that the use of cross-sectional data precludes the inference 
of causation. 7  –  9    

 Longitudinal Designs 
 A number of authors have stipulated that longitudinal designs 
are required for the assessment of change over time. 10  ,  11  
 Longitudinal data enable the researcher to take control of 
previous levels of the mediator and outcome variables that 
can strengthen the claim of a potential causal association, 
but do not account for the potential infl uence of confound-
ing variables that are not measured or included in the media-
tion analysis. Confounding is a key issue in mediation analysis 
using longitudinal and cross-sectional observational designs. 
Confounders are variables that are correlated with treat-
ment exposure ( i.e. , show different values between treatment 
groups) or the independent variable and are associated with 
outcome, but unlike mediating variables are not on a causal 
pathway between treatment and outcome. 

 A series of studies on people with spinal pain in Australia 
used longitudinal data from observational cohorts 12  ,  13  or 
pooled data from an RCT 14  to investigate the mediating 
infl uence of psychological factors in the relationship between 
pain and disability. Three or more waves of data may be 
useful for assessing temporality as this provides stronger 
evidence in support of a causal pathway linking the vari-
ables, 15  –  17  although it is acknowledged that this does increase 
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 Figure 1.    Treatment and mediating effects. CBT indicates cognitive be-
havioral therapy. *Analogous to the main effect of treatment.  
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the  complexity of the analysis and requires more complex 
modeling procedures. 17    

 Experimental Designs 
 Mediation analysis aims to identify causal associations, and 
experimental designs where patients are randomly allocated 
to a certain intervention at a point in time provides perhaps 
the strongest support for causal inference. It should be noted 
however that RCTs and observational studies seek to address 
different types of questions in mediation research. Studies 
using observational data investigate the relationships between 
variables and outcomes relevant to people with a particular 
condition, and may support the generation of hypotheses 
regarding potential mediators. Mediation studies that include 
allocation to 1 treatment or another as the independent vari-
able investigate the mechanism of action of a particular treat-
ment on outcome. It is this aspect of experimental designs 
which is of particular benefi t in mediation analyses as it allows 
the investigation of the key variables (mediators) to target in 
future intervention studies. For example, studies of mediation 
analysis in RCTs have found that graded exposure treatment 
exerted part of its treatment effect in people with chronic LBP 
 via  reduction of catastrophizing, 18  and showed that improve-
ment in back pain was due to an increase in lumbar muscle 
endurance after an exercise program. 19  

 Another advantage of experimental designs is their abil-
ity to reduce the effect of confounding. When an RCT design 
is used, randomization helps ensure that intervention groups 
have similar characteristics at baseline and so any differences 
in outcome are less likely to be as a result of 1 group differ-
ing substantially from the other to start with. 16  ,  20  ,  21  This can 
help researchers to see whether any mediating effects would 
have occurred in spite of treatment ( e.g. , natural resolution) 
or whether they are due to the treatment being given and are 
therefore on a causal pathway. 21  However, it has been recog-
nized that the RCT design does not necessarily account for 
all unmeasured variables that could impact on outcome. 22  
This is because although participants may have been random-
ized to the intervention itself, change in the mediator(s) and 
outcome(s) occurs after randomization has taken place (if the 
intervention is effective), 15  meaning that there may still be fac-
tors other than treatment that affect the relationship between 
the mediator and outcome variables. 23  For example, although 
patients may have similar levels of fear avoidance at baseline 
due to the randomization process, during treatment some 
patients may develop better therapeutic relationships with their 
therapist than others, which may lead to a greater change in 
fear avoidance, and therefore a greater change in outcome for 
these particular patients. In this case, the therapeutic relation-
ship is a potential confounder because it may have an impact 
on fear avoidance in addition to the impact of treatment.   

 ISSUES AROUND HETEROGENEITY IN PRIMARY 
CARE POPULATIONS 
 Studies carried out in secondary or tertiary care populations, 
in which the condition is usually clearly established, unam-
biguously identifi ed, and of suffi cient severity or impact to 

enable the identifi cation of therapeutic change, may report 
larger and more consistent effect sizes than those conducted 
with primary care populations. 24  A problem when investi-
gating primary care populations may be the greater clinical 
variability in symptoms and their impact on the population 
under study. This could also infl uence mediation analyses as 
greater heterogeneity in potential mediators and outcomes 
results in larger standard deviations in the scores in the study 
population, making it harder to demonstrate a difference 
between treatments. Perhaps more importantly, greater clini-
cal variability may also imply that the mechanism explaining 
treatment effect varies across patients, which can translate 
into diffi culty in identifying the role of mediators in explain-
ing treatment effects. To overcome this, larger sample sizes 
might be required so that the assessment of the effect of 
mediators in different subgroups can be undertaken. A spe-
cifi c advantage of primary care populations is that, from a 
public health perspective, the results may be more widely 
generalizable.    

 AREAS FOR IMPROVEMENT TO THE DESIGN OF 
FUTURE MEDIATION STUDIES 
 A number of ways to incorporate mediation analysis into 
future RCTs by making small changes to their current design 
have been suggested. The list below outlines the main sugges-
tions but is by no means exhaustive; more detailed reviews of 
the mediation literature, relating to both design and analysis 
issues, can be found elsewhere. 11  ,  23  ,  25  –  27   

 Importance of a Theoretical Foundation 
 Selecting mediators based on theory can help researchers 
choose the key factors to focus on, 28  and will help formu-
late clear hypotheses regarding how a treatment might work 
before the study begins, which may subsequently be sup-
ported or refuted by the results of the mediation analysis. 29  
A theoretical basis will also help with the issue of temporality 
described in the earlier text because it provides a framework 
for showing how variables might relate to each other in a 
particular order. 30    

 Design of Studies to Test Specifi cally for Mediation 
 It is suggested that where an intervention seeks to change 
a particular mediator or set of mediators, measures of the 
proposed mediators should be included in the study. 11  How-
ever, investigators should limit data collection to only include 
mediators that can potentially be modifi ed by treatment and 
for which there is some evidence for a mediating relation-
ship with the outcome measure. 28  For example, researchers 
might hypothesize that an exercise program is effective due 
to its action of improving aerobic endurance in patients, or 
alternatively  via  improvements in self-effi cacy. In these cases, 
measures of aerobic capacity and/or self-effi cacy should be 
incorporated into the study design to specifi cally test these 
hypotheses. 

 Sample size obviously has an effect on the power of a study 
to detect mediating effects. Although the required sample size 
is dependent on the choice of statistical technique, variability 
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of the measures and the expected strength of the associations 
between the variables, a substantial sample may be neces-
sary. It is recommended that sophisticated mediation analysis 
methods require at least 150 31  to 200 32  participants to provide 
reliable results. One review 33  found that of 166 mediation 
analysis studies published in 2 key journals in their fi eld, 113 
studies (68%) included sample sizes of above 150.   

 Timing of Assessments 
 To assess temporality, it has been suggested that both the 
mediator and outcome should be assessed frequently dur-
ing the period of time that change is expected to occur. 16  ,  24  
This again shows the importance of considering treatment 
mediators  a priori  because a clear hypothesis regarding when 
a mediator is likely to change is important in planning the 
optimal timing for study measurement time points. Although 
studies that include assessments pre- and postintervention 
may provide some useful information on what mediating fac-
tors are related to outcome, 16  they are not able to determine 
which variable (mediator or outcome) changed fi rst. 11  Follow-
ing the example of the exercise intervention as proposed in the 
“Design of Studies to Test Specifi cally for Mediation” section, 
while  changes in aerobic capacity are likely to take several 
weeks to occur, self- effi cacy gains may be realized in a shorter 
time frame. These considerations will need careful thought 
to plan appropriate timing of study measurements. Also, an 

intervention may work differently for different people and the 
effects could occur at different times. 11  Although attempting 
to untangle this issue adds considerable complexity, multiple 
appropriately timed measurements are important for explor-
ing mediators of treatment.   

 Inclusion of Study Measures With Appropriate 
Measurement Properties 
 Measurement error is a particularly important problem 
when trying to assess whether change in a particular factor 
is responsible for the subsequent change in outcome, as in 
mediation analysis. Measurements need to be highly reliable 
when measuring change 34  to ensure accurate estimates. Mea-
surement error can become magnifi ed when a raw change 
score (difference between pretest and post-test) is calculated 
as there is likely to be error associated with both measure-
ments. 34  A measure’s sensitivity to change is also important 
because this relates to whether or not a measure can detect 
change over time and separate this from measurement error. 35  
The use of measures with poor reliability or responsiveness 
in mediation studies may affect the user's ability to identify 
effects of mediating variables.   

 Incorporation of Exploratory Analysis 
 In the workshop on mediation analysis held during the 
Twelfth Forum in Odense 2012 there was general consensus 

  Box 1.    Recommendations to support and improve 
research into treatment effect mediators.  
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that, aside from the points mentioned in the earlier text, 
there is a need to return to exploratory analysis ( e.g. , media-
tion analyses in uncontrolled studies) and qualitative analysis 
to pinpoint the concepts that are most important in investi-
gating treatment mechanisms. The importance of qualitative 
research in helping identify key factors to test as mediators 
has been highlighted previously, 11  suggesting that this can be 
especially helpful in areas where no theories are available 
and can be used initially to explore therapeutic processes and 
their impact on therapist and patient. This implies that a pro-
gram of research will often be needed to identify key media-
tors, with replication of fi ndings to confi rm the importance 
of those mediators being an essential part of that process. 19  ,  28    

 SUMMARY AND CONCLUSION 
 The majority of trials investigating the effectiveness of pri-
mary care interventions for back pain have shown small 
or at best, moderate effects of treatment 36  ,  37  and the fi eld is 
looking for better ways to improve outcomes for patients 
with back pain. Mediation analysis aims to provide bet-
ter insight into the causal pathways underlying treatment 
effects, explaining why treatments work or do not work 
and potentially offering new opportunities to improve 
patient outcomes by optimizing the content or delivery 
of treatment. Until recently, mediation analysis in clinical 
research was often limited to a descriptive evaluation of the 
processes potentially underlying the effects of treatment in 
trials. 38  ,  39  During the past few years, interest in the use of 
more sophisticated approaches to mediation analysis has 
increased, often guided by methods described in the psycho-
logical literature. In this article, we have summarized the 
concepts and different designs used in mediation analysis 
and explained the importance of experimental designs when 
investigating mediators of treatment effect. We have also 
emphasized the importance of other considerations such 
as defi ning and understanding constructs, selecting study 
measures with appropriate measurement properties, and 
ensuring study measurement time points are appropriately 
selected, to investigate the longitudinal associations between 
mediating and outcome variables. We have also outlined 
the relevance of observational and qualitative research in 
identifying potential mediating factors. On the basis of 
the discussions during the 2012 workshop and supported 
by the literature, we have proposed a set of recommenda-
tions to support and improve the design of mediation analy-
sis in back pain research (Box 1), with the ultimate aim to 
improve the design and delivery of intervention studies and 
optimize outcomes for patients with back pain.   
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