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1. Introduction

Inherent in any clinical trial is the fundamental challenge of balancing internal validity 

(i.e., minimizing bias, which can be facilitated by evaluating manualized/highly standardized 

treatments by highly proficient expert clinicians and ensuring that those collecting outcome 

data are blinded) with external validity (i.e., generalizability, which is usually facilitated 

by evaluating treatments in real-world clinical settings).[4] Explanatory clinical trials favor 

internal validity, while pragmatic clinical trials are designed to favor external validity.[4; 25] 

This balancing challenge is particularly evident when designing pragmatic clinical trials[6] 

to influence clinical practice and inform future policy.[25] This paper focuses on behavioral 

pain interventions which can be defined as interventions designed to change participants’ 

behavior, cognition, and affect in order to more effectively manage pain (see Tables 1 and 

2 for examples of behavioral interventions and clinical trial terminology, respectively). This 

paper provides a perspective on pragmatic trials of such interventions that: (1) highlights 

strengths and limitations, (2) identifies key issues for trial planning and conduct, and (3) 

makes recommendations for publishing related manuscripts. We focus on trials conducted 

in a given health system (e.g., Kaiser Permanente, Veteran Health System, National Health 

Service) – “embedded” pragmatic clinical trials[13; 14; 22; 27] – whose distinguishing 
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feature is that the behavioral intervention being tested is delivered within routine clinical 

care.

2. Strengths and Limitations of Pragmatic Trials of Behavioral 

Interventions

Clinical trials exist on a pragmatic to explanatory continuum.[5; 19] Explanatory trials (also 

known as efficacy studies) are highly valued for their focus on internal validity.[4] Although 

strong conclusions regarding efficacy can be drawn from explanatory trials, methodological 

shortcomings can limit generalization to the delivery of these interventions in actual health 

system settings.[25; 26] Systematic reviews can only address this problem to some extent. 

For example, systematic reviews focused on studies of a specific intervention (e.g., a 

meditation-based protocol) can address this problem when they examine the results of trials 

of that intervention conducted by different therapeutic teams across different settings.

Pragmatic trials may be particularly important for addressing knowledge gaps left 

by explanatory trials on applicability to important clinical populations excluded from 

explanatory trials on grounds such as age, clinical features of the pain condition, 

multimorbidity, and psychiatric conditions.[4] Embedded pragmatic trials can provide a 

means to address important elements of external validity.[22; 25] For most behavioral 

interventions (which represent over a third of pragmatic trials in a recent systematic review 

[9], these trials centre on whether the interventions remain effective when delivered to 

diverse clinical populations. In the following section, we consider both challenges and 

opportunities that can arise in the design and conduct of such trials.

3. Key issues to consider for behavioral pragmatic trial design and 

conduct

3.1. The need to justify a pragmatic design

Whether or not a pragmatic trial design offers the best way to answer a given research 

question is a fundamental issue to resolve during planning. There are no definite parameters, 

but there are certain questions the researchers should consider when making this decision. 

First, has the intervention being considered already demonstrated efficacy enough to warrant 

testing effectiveness (if not, there may be little to gain from a pragmatic trial)? (2) Second, 

how complex and feasible is the behavioral intervention, and what resources are required 

to implement it in a given health system?[16] Complexity can arise from multiple sources 

that act independently or that interact in producing the outcomes of interest, and careful 

design maps often identify presumed mechanisms and pathways before embarking on the 

trial.[2] Feasibility is related to how realistic it would be to incorporate the behavioral 

intervention of interest into clinical settings after the trial. Issues related to intervention 

complexity and feasibility are not specific to pragmatic trials. However, they may deserve 

extra consideration in the case of embedded trial designs that not only test intervention 

effectiveness, but also hope to sustain delivery of the intervention after trial completion. 

Sustaining intervention delivery is not typically an expectation when conducting an efficacy 

trial.
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Answering these questions will guide the researchers to design a trial that primarily 

tests behavioral intervention effectiveness, primarily tests the ability to implement the 

behavioral intervention, or tests both intervention effectiveness and implementation.[3] 

A framework proposed by Curran and colleagues [3] described 3 types of effectiveness-

implementation hybrid study designs. In a Type 1 study, the primary aim is to test 

intervention effectiveness, while a secondary aim is to collect information on how the 

intervention was implemented and/or contextual information about intervention delivery. 

In a Type 2 study, the effectiveness and implementation research questions are considered 

co-primary aims. Thus, there is equal interest in determining intervention effectiveness 

and ability to deliver the treatment. Finally, a Type 3 study has a primary aim to test 

different implementation strategies to determine which are best, with a secondary aim of 

determining treatment outcome. An expanded framework is available [12]; but for many 

research questions the original Type 1–3 framework may be sufficient to guide decision 

making for key design elements.

Third, what is the most appropriate design that would address the efficacy of the 

intervention in real world settings? If a randomized controlled trial is deemed the best 

approach, investigators still needed to determine if randomization should be made at the 

individual level, or at site level (e.g., cluster randomization)? A trial primarily focused on 

testing effectiveness might benefit from individual randomization, whereas a trial testing 

implementation outcomes might use cluster randomization, to permit efficient training 

of providers and to limit possible treatment contamination. Other designs should also 

be considered, however. These include, for example, a stepped wedge design, in which 

participants at different study sites are crossed over from standard care to the intervention 

being examined at different times during the trial.[10]

Fourth, the choice of comparator in a pragmatic trial of a behavioral intervention is related 

to two key factors. First, the patient perspective is of central importance,[9] because they are 

the ones who are seeking help for the pain, want to know that a new behavioral treatment 

is better than a comparator (e.g., current care), and they or their funders are paying for 

treatment. The PRECIS-2 tool [18; 20] highlights the importance of engaging stakeholders 

(e.g., patients in the setting(s) in which the trial findings might apply) in the design and 

planning of a pragmatic trial. Second, the choice of a comparator is related to clinical 

standards and feasibility of delivery, because like the treatment(s) being tested, it is also 

delivered by clinical staff. A common design choice is to test whether the addition of 

a behavioral intervention is more effective than current practice (i.e., A vs. A-plus trial).

[24] Another, less common, design is to test two alternative treatments (e.g., comparing 

a behavioral intervention to a non-behavioral approach; an A vs. B trial).[24] In A vs. B 

designs, the order of treatment can be important (e.g., do effects vary if treatment A is 

delivered before treatment B or vice versa)? If there is prior evidence that order of treatment 

is important, then testing the order of treatments will need to be part of the research 

question. Investigators should be strategic about this decision because while an A vs. A-plus 

trial may be appealing from an implementation perspective, the lack of A vs. B trials has 

been noted as a rate-limiting factor in using clinical data to support medical decisions.[24]
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A final issue to consider is if the outcomes of interest can be easily during routine clinical 

encounters. Outcomes could potentially be obtained from a clinical record, which for many 

health systems in an electronic health record. If outcomes cannot be obtained in this manner, 

then the researchers could consider other “direct to patient” methods that are consistent with 

a pragmatic approach. For example wearables, smart phone applications, and secure email 

surveys all provide opportunities to collect outcome data outside of the electronic health 

record. If the research question of interest involves more dedicated measurement approaches 

(e.g., multiple specimen collections), then a pragmatic trial might not be the best option.

3.2. The need to increase generalizability while controlling bias

Behavioral pragmatic trials are less able than efficacy trials to control for possible sources 

of methodological bias. Less restrictive inclusion and exclusion criteria create greater 

participant heterogeneity and potentially greater variability in treatment outcome. Relying 

on clinicians in the health system limits training and competence checks. As a result, how 

the behavioral intervention is provided can vary widely. These sources of heterogeneity 

increase with the number of sites included. This heterogeneity can also be viewed as a 

strength of embedded pragmatic trials, because it also increases study generalizability. A 

given behavioral treatment found to be effective under these conditions is promising to adopt 

in everyday practice.

At the same time, one of the possible negative effects of higher variability across multiple 

factors is the possibility that lower effect sizes will be found that were observe in 

foundational explanatory trials. The primary challenge here is the risk of an underpowered 

study. Thus, an increase in sample size – at least relative to the sample sizes used in 

prior efficacy trials – may be needed to observe clinically meaningful/relevant effects. 

Relatedly, even when investigators understand that there will be greater variability in the 

study participants, clinicians, and sites in pragmatic trials, they are unlikely to know a 
priori which participant, clinical, and site related variables are most closely associated with 

outcomes. Furthermore, a design aspect that enhances one part of the pragmatic trial may 

require a change in randomization approach to achieve balance across different clinical sites. 

For example for cluster randomized trials, there is known heterogeneity in pain populations 

seeking care and accounting for that variability using novel randomization approaches (e.g., 

covariate-constrained randomization) may be necessary to increase the chances of balance 

between comparison arms.[17]

As noted previously, among the strengths of large samples of patients who are more 

representative of broad patient populations is the potential that findings will be more 

generalizable. Large sample size may also permit secondary analyses of the data to identify 

factors associated with better or worse treatment outcomes. A priori hypotheses based 

on established theories/conceptual models or based on discussions with stakeholders (see 

next section) should guide these analyses.[2] There is growing recognition of the need 

to test theory-based hypotheses of how behavioral treatments work (usually addressed 

using mediation analyses) and for whom these treatments work (usually addressed using 

moderation analyses).[8] With larger sample sizes, both mediation and moderation analyses 

can be conducted with greater power.
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3.3. The need for stakeholder involvement

Individuals who have a significant stake in the conduct and outcome of behavioral 

pain pragmatic trials include those who are receiving or might ultimately receive the 

treatment, family members of those receiving treatment, front-line clinicians providing the 

treatment, health care system administrators, and policy makers.[1] Stakeholder involvement 

is important for, but not unique to, behavioral pragmatic trials by virtue of being closer to 

everyday clinical practice. Trial sponsors increasingly require stakeholder involvement from 

the start,[23; 25] including input on study hypotheses, design, feasibility issues related to 

the study population and sites, and input into the intervention protocol. Stakeholders with 

limited knowledge of the rationale and treatment techniques included in the behavioral 

intervention under study may suggest changes in content that are inconsistent with 

underlying theory or conceptual model, that are not acceptable to study participants, or 

are not feasible given trial resources. On the other hand, given the depth of knowledge of 

stakeholders with respect to the clinical population and treatment setting(s), the stakeholders 

can contribute to the development of hypotheses regarding the patient and treatment setting 

characteristics could potentially modify treatment effects. These characteristics, identified 

via stakeholder engagement, could then be hypothesized a priori as treatment outcome 

moderators, strengthening the scientific rigor of the study design. In any case, with increased 

stakeholder input, investigators must be prepared to develop decision-making processes on 

how to best integrate this input; these and other complexities are explored in a growing 

literature on stakeholder involvement.[15; 21]

An example of the benefits of greater stakeholder involvement is a study of behavioral pain 

treatments for veterans. In the process of designing and conducting an embedded clinical 

trial in a Veterans’ Administration (VA) system in which three active group treatments were 

offered to veterans,[27] the extent of unmet need became clear. Many referrals were made 

to providers participating in the trial, and ultimately over 500 veterans were treated - some 

of whom elected to receive a behavioral treatment without trial participation. Moreover, 

the clinicians who were trained and supervised for over a year in the treatments were 

able to continue providing the treatments to veterans after the trial ended. In addition to 

this “infrastructure” benefit, valuable knowledge about the treatments was gained from 

stakeholder evaluations.[20]

3.4. The need to ensure treatment fidelity

A major challenge in pragmatic trials of behavioral interventions is ensuring the fidelity and 

integrity of the treatment being delivered. This is a simpler issue for pharmacotherapy trials 

than for complex interventions.[2; 7] Although treatment fidelity is dependent on clinicians 

delivering the treatment as intended, the clinicians might lack expertise in the intervention. 

Reporting on provider training and experience contributes to being able to evaluate treatment 

fidelity for the study.[9] This is essential for understanding the validity, and ultimately the 

impact, of a pragmatic trial; identifying function, rather than simple content, of interventions 

also provides a metric for standardization across sites.[7]

Clinicians who provide the behavioral intervention(s) will almost always require at least 

some training and supervision to ensure a minimal level of competency. In some cases, 
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the clinicians may require extensive training. Investigators will usually need to develop 

treatment manuals, training procedures, and plans for monitoring treatment delivery to 

identify and remediate performance that falls below standards. These procedures can be 

viewed as being “pragmatic,” in the sense that clinical practice, licensed health care 

providers need to be competent in the treatments they provide. Furthermore, when new 

behavioral interventions are introduced into a health care system, training a provider 

to competence to provide the treatment without supervision is considered essential.[11] 

Training materials and supervision procedures developed for a pragmatic trials can serve as 

resources for enhancing the uptake of interventions, ultimately making them more accessible 

to the wider population of patients who could benefit.

One example of how treatment training and fidelity issues can be addressed is in the study 

with Veteran’s cited in the previous section.[27] In that study, all study clinicians were 

required to participate in a 2-day workshop to learn how to facilitate the treatment groups, 

and treatment fidelity was monitored throughout the trial via a review and coding of the 

audio recordings of a random selection of 25% of the treatment sessions. The fidelity coding 

included the identification of treatment components viewed as important but shared across 

all treatments (e.g., summary of group rules), components that were viewed as essential and 

unique to each treatment (e.g., training of mindfulness skills in the mindfulness group), and 

whether or not a session contained components that were inappropriate for that group (e.g., 

training of mindfulness skills in the education group). In addition, the training materials 

developed for this protocol have been subsequently used for training clinicians in other USA 

Veterans Administration treatment centers.

4. Publishing pragmatic trials of behavioral interventions

Papers based on pragmatic trials of behavioral interventions are of interest to scientists, 

providers, patients, policy makers, and the public.[4; 22; 24; 25] Authors wishing to publish 

peer-reviewed papers based on behavioral pragmatic trials will face challenges. In most 

pragmatic trials the investigators’ lengthy and detailed discussions about each decision in the 

design and conduct of the trial is important, but can be a challenge to report within the word 

limitations imposed by journals.

Using the PRECIS-2 when reporting design and protocol will facilitate understanding of 

which trial domains were more pragmatic and which were more explanatory.[18] The trial 

domains included in the PRECIS-2 tool include eligibility criteria, recruitment, setting, 

organization, flexibility (delivery and adherence), follow up, primary outcome, and primary 

analysis. Given that no trial is entirely pragmatic, it is expected that these trial domains 

will vary on the pragmatic to explanatory spectrum. Standardized reporting of trial results is 

facilitated by the CONSORT extension for pragmatic trials,[28] and CONSORT extensions 

for describing elements of intervention (TIDieR) and design (Reporting of Stepped Wedge 

Cluster Randomized Trials).

Early in the course of a pragmatic trial of a behavioral interventions, authors need to develop 

a comprehensive publication plan. It could include papers describing: (1) the significance 

of the problem and the importance of testing intervention effectiveness, (2) the development 

Keefe et al. Page 6

Pain. Author manuscript; available in PMC 2023 July 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



and implementation of the intervention - focusing on the unique aspects for the given trial 

(e.g., stakeholder engagement processes that refined intervention delivery), (3) the trial 

protocol, (4) the rationale and analytical plans for key secondary/exploratory aims, (5) the 

primary results, (6) secondary and/or exploratory aims, and (7) lessons learned from the 

trial.

5. Conclusion

In this paper we have provided guidance to individuals interested in designing and 

conducting pragmatic trials of behavioral interventions, by addressing the need to balance 

external validity and internal validity. Embracing the challenges inherent in designing 

pragmatic trials is important for advancing behavioral pain science in a manner that results 

in improvements for patient care that can be effectively evaluated and delivered in everyday 

settings.
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Table 1

Examples of Behavioral Pain Interventions

Intervention Goal Core Techniques

Behavior therapy Increase the frequency of engaging in adaptive 
daily activities (“well behaviors”) and decrease the 
frequency of maladaptive daily activities (“pain 
behaviors”).

1. Teaching individuals how to use reinforcement principles to 
achieve their goals.
2. Behavioral activation via pleasant activity scheduling and/or 
exercise.
3. Using the social environment to support improvements (e.g., via 
training partners/caregivers or changing work environment).

Cognitive-
behavioral therapy

Teach individuals: (1) to understand how thoughts, 
feelings, and behaviors affect their adjustment to 
pain and (2) to develop skills for better managing 
pain-related thoughts, feelings and behaviors.

1. Self-monitoring of thoughts, feelings, and behaviors.
2. Behavioral activation.
3. Learn how to challenge and restructure overly negative/
maladaptive pain-related thoughts.
4. Training in problem solving.

Mindfulness-
based stress 
reduction

Enhance awareness of the present moment so as 
to foster understanding and reactivity to pain and 
pain-related stressors.

1. Sitting meditation.
2. Body scan meditation.
3. Walking meditation.
4. Mindfulness during daily activities.

Acceptance and 
commitment 

therapy

To allow oneself: (1) to experience pain and 
unpleasant feelings and lessen reactivity to those 
feelings and (2) to commit to engaging in 
valued activities, despite experiencing pain and 
unpleasant feelings.

1. Practicing acceptance of unwanted experiences.
2. Cognitive defusion—learning to separate oneself from one’s 
thoughts and emotions.
3. Mindfulness of the present moment.
4. Self-observation of thoughts and related emotions and 
behaviors.
5. Identifying ones values.
6.. Values-based goal setting.

Hypnotic 
cognitive therapy

Learn self-hypnosis for nurturing and enhancing 
adaptive thoughts.

1. Self-monitoring of thoughts.
2. Learning to evaluate thoughts as adaptive or maladaptive.
3. Learning self-hypnosis skills to facilitate the incorporation of 
adaptive thoughts as “automatic” thoughts.
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Table 2

Key Clinical Trial Terminology for this Topical Review

Explanatory Trial Primary aim of determining how an intervention performs under ideal conditions (i.e. efficacy).

Pragmatic Trial Primary aim of determining how an intervention performs in real world conditions (i.e. effectiveness).

Embedded Trial Performed in clinical setting with interventions delivered by health care providers as part of routine care.

Cluster Randomized Trial Unit of randomization is at a level other than individual (e.g., clinic or hospital).

Type 1 
Hybrid Effectiveness-
Implementation Trial

Primary aim is to determine intervention effectiveness and secondary aim is to gain better understanding of 
implementation of intervention.
Example Primary Aim: Determine if mindfulness-based stress reduction improves physical function for those 
with chronic low back, when compared to usual medical care.
Example Secondary Aim: Determine what percentage of individuals with chronic low back pain completed the 
entire mindfulness-based stress reduction program.

Type 2 
Hybrid Effectiveness-
Implementation Trial

Co-primary aims to simultaneously determine intervention effectiveness and impact of implementation strategies.
Example Primary Aim: Determine if mindfulness-based stress reduction improves physical function for those 
with chronic low back, when compared to usual medical care.
Example Primary Aim: Determine best method of mindfulness-based stress reduction program training (in-
person vs. on-line vs. hybrid) for improving provider competence.

Type 3 
Hybrid Effectiveness-
Implementation Trial

Primary aim is to test implementation strategy and secondary aim is to describe associated clinical outcomes.
Example Primary Aim: Determine best method of mindfulness-based stress reduction program training (in-
person vs. on-line vs. hybrid) for improving provider competence.
Example Secondary Aim: Compare clinical outcomes for patients seeking care from providers that completed 
in-person training vs. on-line training.
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