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Abstract
Pragmatic, randomized, controlled trials hold the potential to directly inform clinical decision making and health policy regarding the
treatment of people experiencing pain. Pragmatic trials are designed to replicate or are embeddedwithin routine clinical care and are
increasingly valued to bridge the gap between trial research and clinical practice, especially in multidimensional conditions, such as
pain and in nonpharmacological intervention research. To maximize the potential of pragmatic trials in pain research, the careful
consideration of each methodological decision is required. Trials aligned with routine practice pose several challenges, such as
determining and enrolling appropriate study participants, deciding on the appropriate level of flexibility in treatment delivery,
integrating information on concomitant treatments and adherence, and choosing comparator conditions and outcome measures.
Ensuring data quality in real-world clinical settings is another challenging goal. Furthermore, current trials in the field would benefit
from analysis methods that allow for a differentiated understanding of effects across patient subgroups and improved reporting of
methods and context, which is required to assess the generalizability of findings. At the same time, a range of novel methodological
approaches provide opportunities for enhanced efficiency and relevance of pragmatic trials to stakeholders and clinical decision
making. In this study, best-practice considerations for these and other concerns in pragmatic trials of pain treatments are offered
and a number of promising solutions discussed. The basis of these recommendations was an Initiative on Methods, Measurement,
and Pain Assessment in Clinical Trials (IMMPACT) meeting organized by the Analgesic, Anesthetic, and Addiction Clinical Trial
Translations, Innovations, Opportunities, and Networks.
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1. Introduction

Pragmatic, randomized, controlled trials (RCTs) of pain therapies
are designed to generate evidence directly relevant to clinical and
health policy decision making.48,157 In pain research and
elsewhere, these trials are increasingly valued for their potential
to study intervention effects under conditions of usual care (ie,
their effectiveness), especially of complex interventions.60 Prag-
matic trials are also increasingly conducted to facilitate the
translation of evidence-based interventions from highly controlled
efficacy research into clinical practice.149 To produce results that
are applicable to target populations and scenarios, these trials are
frequently integrated into normal clinical practice or reproduce
aspects of it.24,172 Relatedly, many pragmatic trials are compar-
ative effectiveness trials, studying interventions compared with
usual care or another active treatment.71

Aligning trials with routine care leads to heterogeneity in various
domains, for example, population characteristics, treatment
delivery, adherence, concomitant treatments, and data com-
pleteness. On one hand, such heterogeneity can be desirable to
answer pragmatic research questions and enhance generaliz-
ability (or external validity). On the other hand, heterogeneity
poses a challenge to internal validity, potentially making it difficult
to ascertain a causal relationship between study treatment and
outcomes.56,77,94,187 Indeed, some trial processes or features of
clinical practice may influence outcomes in a manner that does
not contribute to answering the research question. To reduce this
risk, we have previously presented general suggestions for trial
design, highlighting that replication of clinical practice is not an
end in itself but rather a means to producing clinically relevant
findings.73We highlighted that each trial design decision needs to

be examined regarding external and internal validity73 and in
relation to the trial’s intended objectives.133 To inform trial design
and possibly judge external validity,21,190 the PRagmatic-
Explanatory Continuum Indicator Summary 2 (PRECIS-2) is
a valuable tool. It emphasizes that the level of pragmatism in
trials is not a binary decision but can be determined along
a spectrum, considering each specific design choice.
PRagmatic-Explanatory Continuum Indicator Summary 2 con-
siders 9 design domains on a spectrum from very explanatory to
very pragmatic (or similar to usual practice in the field). This
includes considerations of participant eligibility criteria, recruit-
ment routes, settings and resources, intervention flexibility,
choice of primary outcomes, and analysis methods.111 However,
to consider each methodological choice not only regarding its
likeness to routine care but also regarding its alignment with the
trial objectives and potential impact on internal validity, PRECIS-2
may require supplementation with tools that examine risk of
bias.111,164,189 Balancing the need for generalizable results with
requirements for the trial results to be informative, we suggested
that heterogeneity should be encouraged where demanded by
the research question (ie, trial design aligned with usual care) but
reduced or monitored where possible and where not required to
answer the primary research question.73 Ultimately, pragmatic
trials gain in importance by ensuring that the trial objectives are
met by optimal research design.48

In this article, we discuss how this principle can be applied to
specific aspects of pragmatic trials in pain research and to the
reporting of studies. In doing so, we presume limited prior
knowledge of the pragmatic trials literature and embed pain-
specific considerations amongst general and current best-
practice methodology. We present methodological

Box 1. Resources for pragmatic trial design, conduct, reporting, and interpretation.
(1) Theme issue on pragmatic and virtual trials in the journal Contemporary Clinical Trials (Volumes 113-119): https://www.sciencedirect.com/journal/contemporary-

clinical-trials/special-issue/10P5MQC6F0V

(2) Article series: Pragmatic trials and real world evidence in the Journal of Clinical Epidemiology (Volumes 88-91): https://www.sciencedirect.com/journal/journal-of-

clinical-epidemiology/special-issue/10X9857N20G

(3) NIH Collaboratory Rethinking Clinical Trials—The Living Textbook: https://rethinkingclinicaltrials.org/

(4) CONSORT extension for pragmatic trials191

(5) PRECIS-2 tool111 and website: https://www.precis-2.org/

Box 2. Take home messages.
(1) Trial designers must ensure that a trial can reliably answer the study question.

(2) In pragmatic trials, doing so requires balancing the requirements of internal and external validity, providing generalizable but reliable results.

(3) Feasibility of trials must also be considered but does not justify design choices that result in uninterpretable or low-quality studies.

(4) In pain research, specific considerations include

(a) Selecting patient-centered meaningful outcomes, assessing the feasibility of data collection, possibly optimizing data collection from electronic health records,

and exploring ultra-brief measures and diverse primary outcomes beyond pain intensity.

(b) Exploring remission criteria, changes in medication, healthcare utilization, and treatment adherence as objective indicators of therapeutic success.

(c) Employing analysis models that precisely define the effect of interest and account for disruptions in care common in real-world pain practice.

(d) Advancing personalized care, eg, with adaptive trial designs, consideration of patient subgroups, individualized outcomes, and associations between beneficial

and undesirable treatment effects.

(5) All pragmatic analgesia trials can be improved by

(a) Rigorously implementing basic methods to enhance internal validity (eg, blinding of outcome assessors and randomization).

(b) Preparing trials by considering the influence of any design choice on internal validity, generalizability, and trial feasibility.

(c) Considering the potential of novel technological and statistical approaches.

(d) Improving reporting.
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considerations relating to ethics, stakeholder involvement and
patient engagement, piloting, treatment delivery, control con-
ditions, patient eligibility, recruitment and retention, outcomes
and outcome assessment, study monitoring, analysis, and
reporting. In doing so, we argue that there aremany opportunities
for measuring or controlling heterogeneity in a way that has little
impact on the generalizability of results or that reducing a trial’s
alignment with clinical practice may sometimes be warranted to
enhance generalizability to a particular patient population.189 By
facilitating nuanced interpretations and enhancing trust into trial
findings, certain methods may indeed promote a trial’s relevance
to clinical decision making. As in other fields,3,131,137,166

pragmatic and comparative effectiveness trials of pain require
better reporting of trial methods relevant to the assessment of
how findings may apply to other settings,71 otherwise under-
mining the fundamental purpose of pragmatic trials (Box 1).

2. Methods of manuscript development

This article is based on a preparatory systematic review71 and a 2-
day online consensus meeting organized by the Initiative on
Methods, Measurement, and Pain Assessment in Clinical Trials
(IMMPACT), part of the Analgesic, Anesthetic, and Addiction
Clinical Trials, Translations, Innovations, Opportunities, and
Networks (ACTTION) public–private partnership with the
United States Food and Drug Administration. The methodology
of the review, meeting, and recommendation development are
described elsewhere.71,73 Meeting keynote presentations and full
discussion transcripts are available online (http://www.immpact.
org/meetings/Immpact24/participants24.html). The meeting’s
objective was to discuss important considerations and provide
recommendations regarding the design, implementation, and
evaluation of pragmatic and comparative effectiveness clinical
trials of pain treatments to inform the planning, conduct, and
reporting of such studies. To enable in-depth discussion of
pertinent methods, 2 articles have been prepared based on this
process,73 this being the second.

3. Consensus statement of best-
practice considerations

In addition to fundamental considerations of randomization,
blinding, and study group design,73 trial designers face chal-
lenges regarding the delivery of interventions, permissiveness of
concomitant and rescue treatments, and selection of patients.
How practice like these features is often limited not only by
concerns for internal validity or the desire for more in-depth data
acquisition but also by practical constraints of trials, such as the
need to recruit sufficient and representative patients.71 These
challenges and possible solutions for pain RCTs are described
below and take-home messages listed in Box 2.

3.1. Ethical considerations

Ethical and regulatory frameworks for clinical trials were primarily
designed for tightly controlled efficacy studies. However, specific
ethical considerations for pragmatic trials exist.58,165 In Table 1,
these considerations are summarized and applied to pragmatic
RCTs involving individuals in pain.

In addition, one should consider whether conducting a prag-
matic trial is ethical as opposed to a more explanatory study.
Considerations to respect principles of beneficence and non-
maleficence include the nature of the research question and the
availability of high-quality efficacy and safety research.73,94

Furthermore, the aim of the IMMPACT statements on pragmatic
trials is to promote trials that are optimally designed to achieve
their objectives, which is a prerequisite for ethical research in light
of preventing research waste.46,141,184

Multicenter pragmatic trials present regulatory challenges for
review boards.135 Conversely, lack of standardization of ethics
procedures across institutions can be a barrier to conducting
such trials.32 In pain research, establishing large research
networks can help standardize and centralize procedures, but
challenges still remain.1

3.2. Patient and other partner engagement

Research questions for pragmatic trials are often considered
“stakeholder driven”159 or “important for real-world decision
making.”111 As a result, early stakeholder engagement is crucial94

and may include patient partners, healthcare practitioners, policy
makers, and others. Identifying and involving relevant partners
holds the promise that the right problems are addressed in
a manner that is efficient and translatable to clinical practice or
healthcare policy.74 As such, people with lived experience and
other partners confer different kinds of benefit at different stages
of trial research. Reimbursement of lay partners can reduce
barriers to participation and is ethical because it promotes
equitable participation in research.134,160 Helpful frameworks are
available to guide public engagement throughout the research
cycle,78 notably the Patient-Centered Outcomes Research
Institute (PCORI) Engagement Rubric160 and the UK Standards
for Public Involvement.134

In the field of pain research, large institutional networks for the
conduct of multicenter pragmatic trials have been established
through extensive partner engagement with a focus on de-
veloping personal relationships. For example, the Pain Manage-
ment Collaboratory (PMC3), a joint project between 3 US
government agencies, employs inwards-facing and outwards-
facing mechanisms to optimize communication with key stake-
holders (eg, archiving of relevant information internally, and an
outwards-facing website for stakeholders and the public). The
PMC3 has a board of stakeholders affiliated with key government
and nongovernment entities and a “patient resource group” able
to support the Collaboratory as a whole as well as individual
trials.1 Further insights can be found in Bastian et al.,7 and
IMMPACT guidance for stakeholder engagement in pain trials is
being developed.74

3.3. Piloting

Piloting and feasibility testing are essential to evaluate the
feasibility of many of the below considerations in the context of
individual trials, and specific considerations for pragmatic trials
have been published.16

3.4. Study treatment

Pain management is rarely standardized in clinical practice,163

and a biopsychosocial approach to pain calls for treatment
individualization and multimodal care.80,130 Pragmatic trials
represent both an opportunity and a challenge in this context:
An opportunity as they allow for the study of interventions as
delivered in clinical practice and irrespective of understanding
mechanisms114; a challenge because some oversight over the
content of study treatment(s) facilitates the scientific interpreta-
tion of trials and assessment of generalizability.77 Furthermore,
pragmatic trial designs lend themselves to the study not only of
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comparative effectiveness but also to the investigation of
treatment combinations, interactions, and tailoring strategies
(such as predictive enrolment, augmentation, or switching,
although modifications of the common two-arm parallel design
may be required73). However, it should be emphasized that only
pragmatic trials with substantial size and statistical power have
the potential tomake any inferences regarding different treatment
interactions and delivery strategies.

Considerations underpinning the study of a particular therapy
in a pragmatic trial need to be made explicit and the supporting
evidence base reported clearly.191 Such evidence should include
supportive efficacy and/or mechanistic research for the treatment
or core components of a treatment package. Finally, intervention
design for pragmatic trials needs to be based on a good
understanding of how the intervention is applied in routine clinical
practice. This can be obtained, eg, through practice surveys, and
development ideally involves practitioner and other stakeholder
engagement.

3.4.1. Treatment standardization and fidelity monitoring

Although uncommon in real-world clinical pain management,
authors have repeatedly called for some standardization (or
protocolization) of study treatments in pragmatic trials, monitoring
of fidelity, and detailed reporting of intervention content.94,97,191

Especially in trials of nonpharmacological interventions, provider
expertise and style of practice require consideration, balancing
the need for a representative range of skillsets with acceptable
levels of heterogeneity in treatment delivery. Furthermore, clinical

practice may not always follow evidence-based guidance so that
provider training may be required, introducing elements of
standardization into a trial. The extent to which treatment flexibility
needs to be controlled depends on the research question and the
specifics of the intervention; opportunities to train and oversee
clinicians may also be limited in trials that take place in real-world
settings.94 Notably, dosage safety and therapeutic ranges are
important to consider in drug trials, while the potential to
introduce undesired heterogeneity through practitioners and
intervention complexity is more pertinent in nonpharmacological
therapies. However, any standardization of treatment delivery, for
example, through trial-specific training and protocolization, ought
to be well justified. If training and standardization exceed what is
seen in routine practice of a given intervention, this needs to be
clearly identified and implications for a trial’s generalizability
discussed. Defining core intervention components and non-
permissible modalities as a minimal step is advisable to promote
fidelity and clearly differentiate trial interventions from one
another.97

Depending on the research question, fidelity monitoring may
be preferable to protocolization (also see “patient adherence”
paragraph below). Documenting how the treatment is delivered
during the trial can be done through a variety of, ideally low-
burden, methods. Methods include observing treatment delivery
in a subset of treatment sessions, reviewing treatment docu-
mentation, or collecting patient-reported data on treatment
adherence. High-quality fidelity (and adherence, see below) data
may allow for sensitivity analyses to develop hypotheses about
subgroups, mechanisms, intervention tailoring, or

Table 1

Ethical considerations in pragmatic trials and in pragmatic trials for pain.

Ethical consideration in pragmatic trials Application to pain trials and potential solutions

Do trials require the same ethical and regulatory oversight as efficacy trials if they test

‘usual practice’ and established interventions?

This dilemma is known as the “research/treatment distinction.” Some authors purport

that this distinction blurs in pragmatic trials, reducing the need for ethical oversight.41,92

Conversely, if routine clinical practice or aspects thereof are changed to implement the

trial, ethical assessment is required.

Most pragmatic trials in pain will impose additional requirements on patients and

medical personnel (such as additional outcome collection),71 for which ethical

approval should be obtained.

Targeted recruitment of potentially vulnerable people is also common in pain

research,2,71 requiring careful ethical assessment.

Ethical approval can be streamlined for all other aspects of a trial. For example,

interventions may not require detailed review if they are not modified for the trial or

are not directed at patients.12

Is consent required in trials that test “usual practice” and established interventions that

are known to be safe?

According to the principle of patient autonomy, voluntary informed consent is required

for human involvement in any experimentation. If only regarding consent as necessary

to inform about added risks of experimentation, consent may be waived or simplified in

pragmatic trials between low-risk interventions for which there is equipoise. This is,

however, controversial and defining “low risk” is challenging108,132; also controversial

is the need for disclosure of study methodology, including randomization.58

Consent can be waived or simplified under certain circumstances, many of which

may apply to pragmatic trials of pain research.19,58,90,132

Especially noninvasive nonpharmacological interventions are believed to hold little

medical risk, and streamlining of consent has been called for.41,92 These

interventions are often studied in pragmatic pain trials.71

Risk assessments in pragmatic pain trials should consider patient subgroups with

different risk profiles, eg,, depending on comorbidities or levels of health

literacy.132

Risk/benefit assessments may have to include consideration of other undesirable

effects from testing and implementing nonefficacious interventions and low-value

care, such as nocebo, behavioral, and socioeconomic effects.72

How can pragmatic trials promote justice and equity in trial research?

Pragmatic trials are often considered opportunities to involve people in research that are

not usually participants and to conduct research relevant to minority groups. However,

involvement of such groups may also require additional methods to protect potentially

vulnerable participants.132,179 Pragmatic trials, often embedded within health systems,

also risk perpetuating their existing structural injustices.2

Ali et al.2 proposed strategies for addressing injustices and inequities in pragmatic

pain research. Also, see Kelsey et al.95 Strategies involve*

Consideration of socioeconomic trial context

Effective and equitable stakeholder engagement

Broad criteria for participating centers

Recruitment of underserved and vulnerable populations even if additional

monitoring may be required

Flexibility and tailoring of interventions to subgroups

Accessible data collection methods

Digital tools for equitable trial participation

Promotion of diversity within the research team itself

The first column is largely based on Goldstein et al.58

* Detailed recommendations relating to these points are referred to throughout this article.
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implementation challenges. Further considerations regarding
treatment fidelity in pragmatic pain trials of nonpharmacological
interventions are published.97

3.4.2. Titration and taper phases

Titrating or tapering are issues specific to drug studies and
potentially studies of devices such as neurostimulation. Titration
and taper phases are expected to be more flexible in pragmatic
trials than in efficacy-focused RCTs, especially if 2 drugs are
compared (as opposed to comparing several titration schedules
or dosages of the same drug) or if flexible titration or tapering is
required by the research question. However, unknown variations
in dosage may undermine the interpretability of the results of
pragmatic trials, so that adherence should be monitored where
possible.

3.4.3. Treatment duration

The duration of the treatment phase and often the length of
follow-up are based on the characteristics of the pain, the
treatment being evaluated, and the research question. Consid-
erations are also intimately linked to how interventions are usually
delivered in clinical practice, which outcomes measures are
employed, and what patients expect from the intervention
(considerations that likely benefit from patient involvement). In
trials with people living with persistent or recurring pain, realistic
interventions may range from intensive one-off treatment courses
to continuous (“maintenance”) care but with similar follow-up
periods; or, it may be found that time to relief or time to
discontinuation are meaningful outcome measure (discussed
below, outcomes section), whichwould require trials with variable
treatment phase length.

3.4.4. Patient adherence

We recommend promoting adherence in line with best practice
(not normal practice) in the respective therapeutic field to increase
the informativeness of study results. This contrasts with PRECIS-
2 ratings, which disincentivize encouragement or formal adher-
ence requirements, but we consider this an opportunity to
promote trial internal validity with little interference with most
pragmatic research questions. However, if acceptability and
adherence levels in normal practice are part of the research
question, adherence should not be promoted beyond normal
practice.

As with intervention fidelity, treatment adherence should be
monitored in all cases to facilitate interpretation and allow for
corresponding sensitivity analyses. Its retrospective assessment
or patient self-report of adherence are easily implemented and
commonly used in pain trials.97 However, ease of use needs to be
weighed against the need for high-quality adherence data. In
some circumstances, technological tools could be developed,
which help to corroborate patient self-report, for example, user
data from apps or activity tracking through wearables,100 but this
may not always be feasible, and there are concerns about validity,
methodological standardization, meaningfulness, data protec-
tion, and bias.9,15,84,119

If participant adherence is disregarded, important information
about the treatment’s real-world acceptability is lost. Collecting
qualitative information on reasons for nonadherence may
supplement such assessments. Furthermore, patient adherence
could figure as a secondary study endpoint (discussed below,
outcomes section).

3.5. Comparator and control conditions

3.5.1. Control conditions in comparative effectiveness
designs

When comparing 2 or more active treatments, a basic level of
efficacy and safety of the treatments under investigation is
expected as part of comparative effectiveness trials.79,167 In trials
without a control condition (such as no treatment, placebo, or
treatment as usual); however, this claim is only inferential and
needs to be acknowledged as a limiting factor. Evidence to
suggest that the compared treatments are efficacious and safe
should be presented along with the level of recommendation (eg,
as per GRADE64). It has been suggested that uncontrolled trials
should be avoided when the underlying efficacy research for the
comparator is poor and particularly in the context of noninferiority
and equivalence designs.47 However, current practice does not
reflect this recommendation.71

Even in pragmatic superiority trials where the comparator is an
established analgesic or complex therapy, a further control group
may be beneficial: In community practice, many medications are
not titrated to effective dosages, and misdiagnoses can occur,26

and treatment adherence varies.128,142 Many nonpharmacolog-
ical interventions for pain yield inconsistent results150 and are
applied variably and by therapists from a multitude of back-
grounds.49,169 Falsely negative trials of efficacious analgesic
drugs are common,45 and this can be expected for non-
pharmacological therapies too. Without a no-treatment, placebo,
or treatment-as-usual control group, it cannot be concluded that
the study treatments were better than any of those. If trial results
showed no difference between the groups, such a control group
would demonstrate that the trial was able to distinguish an
effective treatment from a less effective one, thus strengthening
the conclusions drawn. We acknowledge that the addition of
a further trial arm holds practical and economic challenges for the
overall trial but recommend that investigators carefully consider
whether this is nonetheless required so that the trial does not
result in uninterpretable findings. If no control group is imple-
mented, this decision should be justified in the trial protocol or
report.

3.5.2. Treatment as usual/usual care

Approximately 25% of contemporary self-declared pragmatic or
comparative effectiveness trials of pain therapies employ
treatment or care as usual (TAU) as comparator, occasionally
adding extra components such as advice or educational
sessions. Approximately 70% of those trials provide information
on the potential content of TAU, and most of those also collect
data on the interventions actually received by patients in this
group.71

“Usual care” is considered the “comparator of choice” bymany
pragmatic trial methodologists, although operationalizing this in
a trials, and particularly pragmatic trials, is fraught with
challenges.188 Sometimes called “standard care” (there is no
consensus on terminology and interpretations differ132), what
constitutes TAU differs widely, even within the same country, and
may change—sometimes rapidly,162,188 as last seen with the
widespread adoption of telehealth during the Covid-19 pan-
demic.54,115 Furthermore, clinical recommendations and actual
usual practice may differ widely so that TAU cannot be inferred
from the consultation of clinical guidelines.59,105,158,171,182,186 It is
therefore paramount to describe in detail what the TAU condition
entailed in the context of each trial,162 which may warrant
monitoring of the interventions actually received. Pascoe et al.139
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proposed 6 aspects of TAU, which should be reported in
effectiveness trials for back pain, which wemodified and endorse
for pragmatic analgesia trials more broadly:
(1) Who provided care (include profession, training, and

experience)
(2) If andwhat type of self-management education or advice were

provided (and in which format)
(3) Whether physical activity and movement were addressed

and how
(4) If and what medications were used
(5) The dosage of any interventions received
(6) Whether care was consistent with current guidelines

This information will help readers judge the generalizability of
a given trial’s comparison to other contexts. For example, if “usual
care” in their own context involves considerably more care than in
the trial, the relative benefit of the treatment may be diminished
and vice versa.

Because of their potential to introduce undue heterogeneity,
we will further discuss concomitant treatments below and similar
considerations apply to variability detected in the TAU arm.

3.5.3. Waiting list controls

In waiting list conditions, patients expect treatment at a later time
point (as opposed to true no-treatment controls, where they are
informed that they will not receive treatment as part of the study).
Waitlist conditions can control for the natural course of disease
and regression to the mean, although not for placebo effects.
However, waiting for treatment may contribute to symptom
persistence in anticipation of future treatment.50,113 The feasibility
and credibility of waitlist conditions (ie, resemblance or proximity
to usual practice) depend on the healthcare system. In the
United Kingdom, eg, long waiting periods are currently normal in
the National Health System (NHS), especially for nonurgent
referrals, such as for persistent pain,144,168 and may be used as
a realistic control condition. Nonetheless, waiting list controls are
uncommon in self-declared pragmatic RCTs of pain
treatments.71

3.5.4. No-treatment controls

In no-treatment control arms, patients are informed that they will
not receive treatment as part of the trial. Therefore, patients are
only monitored and prohibited the use of other commonly applied
treatments.8,145 No-treatment groups are rare in current prag-
matic trials of pain treatments71 possibly due to the preponder-
ance of usual care–related comparative effectiveness questions.
However, they may be relevant if the study population does not
usually receive any care, as may be the case in prevalent painful
conditions such as headaches.

It has been argued that open assignment to no treatment may
frustrate patients and negatively impact the self-reporting of
symptoms, trial retention, or the patients’ condition by way of the
“frustrebo” effect,143 although empirical evidence for this
phenomenon is lacking. Frustration effects may be mitigated
through patient engagement and input into the research design
process, as evidence supports that many patients with pain are
altruistically motivated to participate in clinical trials.43 Instead of
no-treatment controls, approximately 15% of pragmatic pain
trials opt for supposedly ineffective educational or attention
control arms.71 Also used is blinding to the existence of
interventions (and a no intervention arm) in cluster randomized
trials to test new patient management options.17 Further trial
designs can address the challenge: For example, incorporating

elements of patient preference (such as partially randomized
preference trials116), by first offering patients to participate in
a randomized trial or in an observational study and using the
observational cohort as additional control group, or by supple-
menting or emulating RCTs with registry-derived observational
data.86,118 However, all these designs come with considerable
statistical challenges that are beyond the scope of this article.

All inactive control groups have the advantage to act as internal
controls that test the trial’s ability to detect a difference between
study treatments. There are many circumstances under which
this may be warranted, including unclear evidence regarding
expected effect sizes or effectiveness in the specific trial context.
Advantages and disadvantages of treatment as usual vs waitlist
vs true no-treatment controls likely differ depending on the trial
intervention and disease population but should be considered
carefully. Careful communication of trial objectives and methods
during the consent process may be able to attenuate expectation
effects that can differ meaningfully among these different
approaches.

3.6. Concomitant and rescue pain treatments

In pragmatic trials of pain interventions, concomitant treatments
may play an important role, but their permissibility and use is
poorly reported.71 On one hand, allowing patients to continue
taking their usual medications or seeing other providers of
nonpharmacological care is reflective of normal practice and thus
important for the generalizability of results.181 Prohibiting
concomitant therapies may also disincentivize recruitment and
undermine patient autonomy. On the other hand, concomitant
therapy use may undermine trial interpretability if unknown to the
research team.

Rescue analgesia, defined as intermittent medication intake for
insufficient pain relief during a trial, may similarly confound trial
results, although reflective of clinical practice. Confounding can
occur when study groups use rescuemedication differentially (eg,
when one treatment is less effective),30,181 through interactions
with the study drug, or by producing rescue-related adverse
events. The choice of rescue medication also matters, with highly
effective drugs reducing effect sizes and ineffective drugs

Table 2

Concomitant treatments and rescue medication in pragmatic

analgesia trials—design and reporting considerations.

Was rescue medication permitted (yes/no)? For what reason?

Brand and generic name(s), formulation, and administration, if possible

Allowed doses and frequency

Consequences of exceeding allowed dosage (withdrawal, treatment failure)

Specific procedures (eg, dosage or timing in relation to pain symptoms)

Delivery (prescription, over the counter)

Assessor of consumption (patient: self-report, investigator: pill count)

Used as outcome? (if so, primary, secondary, or exploratory)

Report of rescue consumption in each treatment arm

Discussion of whether rescue medication influenced trial results (if so, how?)

The same considerations apply and need to be adapted to non-drug therapies and

pain self-management strategies used as concomitant or rescue treatment. In

addition, also document:

Profession and qualification of treatment provider

Therapy-specific detail (eg, techniques and approaches)

List based on Grøvle et al.63
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considered unethical regarding the principles of beneficence,
informed consent, and patient autonomy. Notably, concomitant
and rescue treatments may also consist of nonpharmacological
approaches or, even more subtle and difficult to quantify,
behavioral changes such as altered self-management strategies.

All these considerations should inform trialists in the design of
pragmatic trials and monitoring of concomitant and rescue
analgesia. Given the risk for confounding effects, parameters of
permissibility and monitoring processes of actual treatment use
should be established before conducting a pragmatic trial and
implemented across participating centers. If the trial objective is
to replicate clinical practice, one should generally not limit the use
of concomitant therapies unless there is a strong rationale to do
so and considering the potential effect on generalizability.
However, the use of concomitant and rescue treatments should
always be carefully documented and possible implications for
treatment effects considered.30,181 Proper adjustment for such
effects, when warranted, requires the use of sophisticated causal
inference methods42 (also see section on subgroup analyses
below). To date, concomitant and rescue treatment use are rarely
considered in the analysis of trials, and “poorly described

procedures and incomplete reporting are likely to hinder the
interpretation, critical appraisal, and replication of trial results”
(p.3),63 also in pragmatic trials of pain.71,138 Alternatively, the use
of rescue analgesia can be considered as a study outcome
(Table 2).

Obtaining reliable data on rescue and concomitant therapy use
is challenging. Possible approaches to data collection include
monitoring of electronic health records, billing and insurance
data, and patient or physician report. However, using health
records is unlikely to capture fluctuating patterns of medication
use such as when used as rescuemedication. Collection of these
data must also be feasible and has to be validated and possibly
modified for the purpose of individual trials. When reporting
a pragmatic trial and having access to feasible data collection
methods, we propose to consider the items shown inTable 2 and
collect what is realistically possible. Finally, trialists may wish to
allow and monitor concomitant analgesic therapies during
a baseline period or pilot testing, then align trial procedures with
real-world usage patterns.

Similar to medications, permissible and prohibited nonphar-
macological concomitant therapies ought to be prespecified and
their use documented, including the type of therapy, its providers,
intensity, duration, and frequency. Behavioral change may have
to be assessed as a potential effect mediator at follow-up,94

depending on the study question focusing on physical activity
levels, various pain coping behaviors, and psychological health,
ideally using accepted questionnaires.

3.7. Patient populations and study sites

3.7.1. Eligibility criteria

Eligibility criteria in pragmatic trials are typically broad, reflecting
routine diagnostic procedures for a specific medical issue.111 In
the pain field, this will involve triaging for serious pathology and
application of standard diagnostic procedures. Frequently in
pragmatic analgesia trials, eligibility criteria refer to pain duration
and localization only, but common comorbidities or medications
impacted participant eligibility in a large proportion of recently
reviewed trials (25% and 12%, respectively).71 A better approach
is to focus on self-reported pain intensity or interference ratings.
Furthermore, the ascertainment of underlying pain-generating
diagnoses (such as rheumatological disorders or neuropathies)

as per ICD diagnostic codes can be considered where possible,
and always employing additional screening procedures to ensure
that eligibility criteria are met, as implemented by the pragmatic
trials of a large US consortium.96

Depending on trial objectives, the diagnosis of the underlying
disease may be warranted to ascertain eligibility. If the di-
agnostic standard involves more sophisticated technology than
what is commonly available, this is acceptable for pragmatic
trials but may limit generalizability to other settings or healthcare
systems. The same consideration applies to “prognostic
recruitment,” where patients are eligible based on prognostic
profiles (such as chronification risk25) (see Ref. 73). If applicable,
authors should discuss if the employed diagnostic technology is
expected to become more widely available and otherwise justify
the decision to conduct a pragmatic trial for their research
question.

Trial designers may be tempted to reduce heterogeneity by
applying eligibility criteria beyond ascertainment of diagnoses or
simple stratification methods, but these should be kept similarly
broad, based on clinical reality, and justified considering the
pragmatic question under investigation. For example, a trial could
focus on children, adolescents and adults, older adults and
elderly, or a single sex. Further specification is only warranted if
reflective of a well-delineated clinical population for which
a clinically relevant and population-specific question needs to
be answered. In these cases, pragmatic trials can be highly
selective, eg, only including persons of a specific underserved
population within clearly defined geographic, age-related, socio-
economic, and cultural boundaries; and authorsmust discuss the
clinical or policy relevance of their selection and implications for
generalizability.

If the research question demands a broad clinical sample of
patients, we propose the following pain-related domains for
consideration. As major eligibility criteria, these would be more
inclusive than what is usually found in efficacy trials, and indeed
pragmatic trials are opportunities to conduct research for people
from diverse or disadvantaged communities and with co-
occurring medical or mental health conditions.2,94 Recruiting
a representative sample may, in many cases, mean specifically
targeting members of certain populations and reducing barriers
to trial participation, for example, through early patient partner
involvement.95

Rather than offering generic advice on desirable eligibility
criteria, however, we encourage researchers to consider what is
warranted depending on their individual research objectives.
Apart from necessary diagnostic criteria, we recommend:
(1) Consider including pain of any intensity, not just $ 4/10,

balancing clinical relevancewith risk for flooring effects and the
ability to detect meaningful changes. Chronic daily mild pain
can be burdensome, and few clinical trials have examined
treatments for this common clinical condition. Indeed,
acetaminophen/paracetamol, NSAIDs, and their combination
are widely available as over-the-counter medications, but little
is known about their efficacy and effectiveness when used to
self-treatmild pain. In addition, enrolling patientswithmild pain
intensity but impaired function or moodmay provide adequate
assay sensitivity if pain intensity is not the primary outcome,
but an adverse consequence of such pain is (eg, quality of life,
function, satisfaction, etc).

(2) Consider including any pain duration that fulfills diagnostic
criteria.

(3) Consider not excluding patients for previous treatment non-
response unless aligned with the pragmatic research
question.
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(4) Consider not excluding medical or psychiatric comorbidities
and substance use disorder unless for safety reasons.
While broader eligibility criteria increase trial heterogeneity,

they also enable subgroup analyses, which may be able to
answer clinically relevant questions. In line with applicable
CONSORT reporting recommendations (item 3), authors should
discuss “…the degree to which [the eligibility criteria] include
typical participants and/or, where applicable, typical providers

(eg, nurses), institutions (eg, hospitals), communities (or localities
eg, towns) and settings of care (eg, different healthcare financing
systems).”191 We extend this recommendation to encourage
statistical subgroup assessment where informative.

Finally, pragmatic trials are almost absent for several prevalent
pain conditions, including headaches, neuropathic pain, fibro-
myalgia, and injury-related pain.71 We encourage trials with
pragmatic objectives for pertinent research questions in these
groups of patients.

3.7.2. Patient identification and outcome assessment
through electronic health records

Pragmatic trials methods assume that patients are ideally
recruited from existing patient populations of participating trial
centers.111 However, researchers need to identify the population
ultimately targeted in clinical practice and promote recruitment for
practical reasons. To facilitate this, trialists may have to employ
more active recruitment methods.71 Under some circumstances,
identifying eligible patients through records may facilitate
enrollment, especially if an electronic health record (EHR) system
is available.38,88 In pragmatic trials, such identification of potential
trial participants from EHRs holds the promise of overcoming
limitations for generalizability inherent in recruiting exclusively
through physician referral and patient self-referral, including by
providing a denominator for the number of potentially eligible
patients within a healthcare system. However, EHRs come with
various challenges, some of which are specific to pain research,
and probably limit the usefulness of EHRs for most current
pragmatic trials. People in chronic pain, eg, may be coded with
various diagnoses, lack a precipitating and identifiable event and
are thus captured only through elaborate algorithms or natural
language processing tools, which require careful testing,22,99,170

and always the use of additional screening procedures. In less
severe conditions for which patients may rely on self-
management or over-the-counter medication, these filters may
not be feasible. Although a rapidly developing technology,
establishing EHR systems is costly and laborious,104 data quality
can be poor and interoperability challenging, and data protection
needs careful consideration.20 If feasible, we encourage the use
of EHRs to support enrollment. We currently warn against the
overreliance on such real-world data for purposes integral to trial
integrity, specifically outcome assessment,88 unless the EHR
system used has been shown to be reliable, data quality is high,
and its use is ethically justifiable.

3.7.3. Recruitment and retention

According to PRECIS-2, recruitment through patients’ usual
appointments and from multiple diverse clinics is most prag-
matic.111 However, insufficient recruitment strategies pose a risk
to the interpretation of trial results, as they may lead to
underpowered trials and the omission of relevant patient
subgroups.136 The latter is of particular concern in chronic pain,
which is more prevalent in populations that are arguably more
difficult to recruit into research trials or have limited access to

health care in general, such as various underserved populations,
ethnic minorities, those with psychiatric comorbidities, and older
adults.13,65,66,91,146,161 Provided these are potential or intended
end users of the study treatment, maximizing generalizability may
require targeted recruitment methods, and trial results could be
used to advocate for improved access to effective care for people
from the studied populations. Indeed, pragmatic trials of pain
therapies obtained the lowest average rating for pragmatism in
the recruitment domain,71 likely reflecting the above practical and
scientific concerns.73

Incentives are a compelling way of enhancing recruitment,
including financial compensation or free access to otherwise self-
paid care. Because self-payment may be a barrier to trial
participation and may cause differential attrition in the potentially
less desirable trial arm, compensating patients for treatment
costs is appropriate.175 Nevertheless, incentives may bias
recruitment and could attract “professional” patients. Further-
more, trial designers ought to consider the vulnerability of
patients, both financial and personal, which may create ethical
dilemmas by juxtaposing equitable access to research with
principles of patient autonomy, research integrity, and non-
maleficence.136 In the field of chronic pain in particular, the desire
to find effective treatment options may be strong.18,89

It is unclear whether the risk of participant attrition is increased in
pragmatic trials due to their longer duration (with dropout rates
ranging from 0% to 63%,mean 15%, in a recent sample71) or lower
because of reduced research burden compared with more
explanatory trials.136 Either way, retention of participants is an
important factor in the planning phase of pragmatic trials and must
be considered proactively to minimize the impact of missing data.
The use of imputation methods for missing data can only address
the issue retrospectively and relies on untestable assumptions.11

Recruiting more participants to compensate for anticipated attrition
is not only costly but also does not eliminate the potential bias due to
missing data. Instead, stakeholder involvement and feasibility
testing can help anticipate and mitigate potential retention
problems,129 as various factors such as the treatment and research
burden, associated costs, and the prohibition of concomitant or
rescue treatments may interfere with successful retention. Espe-
cially in community-based pragmatic trials, creative and patient-
centered approaches may be warranted, including such that build
relationships and allow for flexible responses to patient needs.55,176

During the consent process and thereafter, it is crucial to emphasize
the importance of staying in the trial once enrolled, as this can help
improve retention and the validity of results.27

3.7.4. Sample size

Good pragmatic trials provide a power calculation, ensuring
adequate statistical power for the detection of all important
differences to be examined.31 CONSORT highlights that “[if]
calculated using the smallest difference considered important by
the target decision maker audience (the minimally important

difference) then [authors should] report where this difference was
obtained.” (item 7).191 Effect sizes obtained in efficacy trials with
more controlled circumstances may not be transferable to
pragmatic trials. When faced with uncertainty concerning the
appropriate choice of effect size for sample size determination in
a pragmatic trial, it is prudent to be conservative to reduce the
chance of failing to detect small yet clinically important treatment
effects. Adaptive methods that adjust the required sample size
based on emerging data (as discussed in Ref. 73) can be helpful
in saving resources in this context. Given the potentially larger
heterogeneity in pragmatic trials and different nature of pragmatic
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research questions, larger sample sizes may be required and
should be supported by funders.53,136

3.7.5. Study sites

Most self-declared pragmatic trials in pain research are multi-
center trials.71 In principle, trial sites should include those that
would deliver the intervention in normal practice.111 Irrespec-
tively, basic quality requirements for sites apply, such as the ability
to recruit and retain participants, ensuring the welfare and rights
of patients, the willingness of staff to attend research-related
training, and the ability to conduct and record research to current
standards.183,185 To ensure this and especially because prag-
matic questions in pain research likely require the inclusion of
nonacademic centers71 where most care is delivered, more
training and feasibility testing may be required.183 Trial designers
should ensure that such training does not impact generalizability
by changing care delivery.111 To promote internal validity while
not reducing the generalizability of findings from common
nonacademic pain care settings, trial designers may also
consider the use of cluster randomization to prevent contamina-
tion, creative adherence and fidelity monitoring strategies, and
assessor blinding.51,57 Heterogeneity between trial centers may
be warranted to enhance generalizability, but its extent should be
carefully assessed and documented, and the effects on trial
results formally examined. At the very least, authors should
comply with the respective CONSORT extension item (no. 21)
and “[d]escribe key aspects of the setting which determined the
trial results.” They should also “[d]iscuss possible differences in
other settings where clinical traditions, health service organisa-

tion, staffing, or resources may vary from those of the trial.”191

Assuming that patient populations are heterogenous across
and within study sites, the number of patients recruited per site
might need to be considerably larger than in most efficacy
trials.136 Overall numbers may have to be even higher in cluster-
randomized trials. Here, opting for fewer patients per cluster and
more clusters is preferable, rather than vice versa, while lower
recruitment numbers are more compatible with individual
randomization.67,106

3.8. Outcome domains and measures

Starting with a minimal set of meaningful core outcomes, trial
designers ought to consider how each additional measure may
alter the clinical workflow.180 In doing so, we recommend
attention to what constitutes a feasible and realistic outcome
tool, always ensuring that outcome measures are validated,
reliable, and responsive to change.29

Commonly, outcomes in pragmatic trials should be “of obvious
importance from the patient’s perspective” and “relevant to the

people who decide whether to implement the intervention on the
basis of its [the trial’s] results.” (p. 9).111 Ascertaining this may
require early engagement of various stakeholders.180 In analgesia
trials, the 4 core domains of pain outcomes—intensity, in-
terference, function and change—are well established29,173 and
relevant to pragmatic trials in the field because of their importance
to patients.174 Several outcome measures cover these domains
and are relatively quick to administer: This includes numeric rating
scales (NRS) for each domain or composite score-generating
measures such as the Brief Pain Inventory (BPI), the three-item
PEG-scale,102,103 or subscales of the Patient-Reported Out-
comesMeasurement Information System (PROMIS) or the Short-
Form 36 (SF-36).103 Other ultra-brief options for outcome
assessment include simple clinical questions. These appear

meaningful and conform with practical restraints of research in
primary care settings but may require further validation for usage
in trials. Examples include “Is your pain tolerable?,” allowing for
simple Yes/No answers or adapted to Likert-type ratings where
required.117 Individualization, where each patient determines
which outcome is most meaningful to them, is another practically
relevant option for subjective experiences such as
pain.5,83,107,154 The addition of other outcomes relevant to
particular patient populations, such as physical function, mood,
sleep, adverse effects, individualized outcomes, or disease-
specific measures, should be evaluated. Depending on the
research objective, outcomes in pain trials are likely long term,
and target effect sizes should be chosen to be clinically
meaningful.

In contrast to other research areas, objectifiable endpoints that
would facilitate a low-effort data collection are sparse in pain
research.178 However, their development appears particularly
relevant in the context of pragmatic trials to mitigate some of the
challenges of unblinded studies,180 and some approaches from,
eg, psychiatry or rheumatology appear relevant to pain research.
Indeed, authors in the field have made attempts to implement
more objective and yet potentially clinically meaningful outcome
measures in trials. Promising examples include the use of
remission criteria,6,127,151 changes in medication101,177 or other
healthcare utilization,25,62 and the discontinuation of or adher-
ence to treatment as indicators of therapeutic suc-
cess.61,123,124,126,155 In the latter, mechanisms need to be in
place to distinguish treatment failure from the occurrence of
adverse events and symptom resolution.124 Such outcomes can
be coupled with smart and adaptive trial designs, including
rerandomization in the case of treatment failure,73,76,151,152,155

working towards personalized care. Whether the use of di-
chotomous outcomes over continuous variables as primary
outcomes affects the trial’s ability to detect an effect needs to
be considered (also in light of clinical meaningfulness),125

although the results for both approaches should ideally be
reported.

Economic considerations may impact or alter clinical decision
making and health policy. Regardless, economic considerations
were reported infrequently in recent self-declared pragmatic trials
of pain treatments,71 likely because they are themselves
expensive and may not be supported by funders. However,
especially in comparative effectiveness trials where cost-savings
of one over the other therapy are not apparent, we encourage
data collection and formal cost-effectiveness analyses.

3.9. Assessment intensity and frequency and follow-
up duration

The highest PRECIS-2 score is given when frequency and extent
of follow-up assessments are limited to what would be seen in
routine practice, collecting outcome data that simulates ormakes
use of clinical practice as much as possible.111 While self-
declared pragmatic trials in pain tend to employ more laborious
follow-up assessments than what would be expected in routine
practice,71 we agree that excessive data collection may interfere
with successful patient retention, resulting in missing data that is
not necessarily reflective of normal clinical practice. Intense
follow-up will also increase research burden and trial cost.
Nonetheless, some standardization of symptom reports collected
as part of routine practice may be required to ensure data
integrity.20 To reduce bias and research burden, outcome data
are obtained with minimal personal contact between participants
and clinicians and research staff, which may require further
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deviation from routine practice but is feasible with current
technology.85 However, data completeness and quality require
special attention during digital outcome collection, with solutions
including the continuous monitoring of data and proactive
support of trial participants identified as not completing ques-
tionnaires.4 At the same time, while contemporary data collection
and digital trial delivery methods may be options to broaden
access to research, accessibility must be ensured for populations
with limited technology access or literacy.2,95

The duration of follow-up periods tends to be longer in
pragmatic trials than in explanatory trials111 (over 1 year on
average in pain trials71). Follow-up periods should reflect the time
horizon of patient and clinical decision making, drawing on
stakeholder engagement. The need for data completeness poses
challenges over potentially long periods. Either, pragmatism may
have to be sacrificed to protect internal validity (eg, scheduling
additional data collection calls or appointments) or follow-up
periods shortened. Ideally, however, electronic data collection
methods and low-burden outcome measures are employed to
mitigate this risk, and preplanned strategies for handling missing
data are in place (see below).

Overall, trial designers should consider carefully which data are
needed to answer the research question, and how data collection
and follow-up duration may interfere with trial feasibility and
internal validity.

3.10. Study monitoring

Commonly, pragmatic trials employ centralised and on-site study
monitoring to ensure participant welfare, compliance with
regulatory standards, and scientific integrity.10 Especially in
long-term and multicenter studies, adequate data monitoring
enables researchers to detect and correct problems with the
collection and relay of information. In trials with safety consid-
erations, the implications are even more profound, but the timely

collection of safety data while minimizing follow-up visits
represents a major challenge of pragmatic trials.82

Risk-based or risk-proportionate approaches tomonitoring are
employed in many pragmatic trials.10 Either, monitoring pro-
cesses are streamlined according to an initial risk assessment
(eg, of the potential for harm from different interventions) or in-
depth evaluations are triggered based on prespecified indicators
of risk to participant safety, data integrity, or trial conduct.10 We
advocate for such approaches, as they minimize interference of
monitoring processes with clinical practice and promote the
feasibility of large trials.82,121

3.11. Analysis

Analysis methods are an important area where pragmatic trials
can become more efficient and ensure that their results are as
informative as possible. As for all clinical trials, prospective
registration is essential for pragmatic trials. This should include
a detailed statistical analysis plan to prevent selective reporting.
Objectives should be prioritized and accompanied by statistical
formulations.28

3.11.1. Estimands and missing data

The most common analysis in pragmatic trials includes all
randomized patients irrespective of treatment adherence, per-
forming what is often called an “intention-to-treat” (ITT) analy-
sis.71,111 However, such analysis often requires imputing missing
data and thus necessitates careful consideration of assumptions
underlying the handling of missing data. For example, making up
missing data with the Last Observation Carried Forward method
assumes that participants continue their symptom trajectory after
dropping out of the trial, while Missing at Random or Baseline
Observation Carried Forward imputations have very different
assumptions.33 Furthermore, ITT analyses may not always
correspond to the most relevant clinical questions, for which
one may want to take into account patients’ levels of treatment
adherence, reasons for patient noncompliance, or the effects of
using nonprotocol therapies.

For the handling of missing data and other events that may
interfere with the interpretation of trial results, the field should move
towards the use of estimand frameworks.34 Estimands are
comprehensive frameworks defining how missing data and
disruptive (“intercurrent”) events are handled to provide a clearer
and more accurate picture of the real-world impact of treatments.
In a first step, the clinical question to be answeredmust be carefully
specified. From this, the estimand can then be formulated, the
components of which are the treatment conditions to be studied,
the target population, the outcome variable of interest, and the
population summary that will be used as the basis for the treatment
comparison. An important consideration for defining the estimand
is how so-called intercurrent events will be handled, including
discontinuation of treatment (and reason), use of rescue treatment,
noncompliance, use of prohibited treatments, or other protocol
violations. Once the estimand has been established, the principles
underlying its construction should guide strategies for dealing with
missing data. Because established statistical methods for accom-
modating missing data depend on assumptions that cannot be
tested with the given data, it is strongly encouraged to conduct
sensitivity analyses that examine how the estimated target
treatment effect varies for different assumptions regarding the
underlying missing data mechanism.11,14,34 The estimand frame-
work appears particularly relevant for pragmatic research ques-
tions as it can consider the disruptions (intercurrent events) that

Table 3

Reporting recommendations for pragmatic trials in pain

research.

Recommendation for the reporting of pragmatic trials

Clearly present the pragmatic study objective, its rationale and justification, and

the hypotheses that will be tested. (See Introduction section, the associated

IMMPACT statement on pragmatic analgesia trials,73 and the CONSORT

explanations and elaborations document.122)

Fully adhere to the current CONSORT reporting statement.122

Fully comply with the CONSORT extension for pragmatic trials.191

Provide all information necessary for the retrospective assessment of the trial by

means of the PRECIS-2 instrument111 or present a self-assessment.

Outline how the trial methods are thought to enable answering of the pragmatic

research question. (See Introduction section and the associated IMMPACT

statement.73)

Provide information of the permissiveness and nature of concomitant and rescue

medication for each group and their probable influence on trial results.

(See 3.6. Concomitant and rescue pain treatments and Table 1.)

Report considerations of the relationship between benefits and risks, using

statistical methods if appropriate. (See 3.11. Analysis.)

Discuss economic implications or justify why this has not been considered.

(See 3.11. Analysis)

Justify the choice of the analysis population (more specifically, the estimand) in

relation to the research question. (See 3.11. Analysis.)

Acknowledge the origin, reason, and potential implications of missing data.

(See 3.11. Analysis.)

Considering available reporting guidelines, expanding ACTTION recommendations for efficacy trials

reporting52 and translating IMMPACT considerations into reporting requirements.
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commonly arise in real-world practice in a trial-specific manner.
The European Medicines Agency’s ICH E9(R1) addendum in-
troduced a well-organized structure for defining estimands, with
explanations of how they influence study design and statistical
analysis in clinical trials.34 Although the detailed presentation of
these approaches is beyond the scope of this article, guidance is
available.11,14,34,110 Overall, we concur with other authors that
“pragmatic trials require an explicit and careful definition of the

effect of interest […] and the collection of high-quality longitudinal
data” (p. 1391).68

3.11.2. Examining subgroup differences

To develop “precision” (or personalized) approaches to pain
treatment, more attention must be paid to the clinical meaning-
fulness of study estimates, including the potential for prognostic
or data-driven subgrouping. In clinical trials of pain treatments,
several analytical approaches have been used to further in-
vestigate the potential heterogeneity of treatment effects and to
improve the interpretation of study results, including patient
subgrouping determined by clinical phenotypes and biomarkers
(eg, quantitative sensory testing, epidermal innervation, and
neuroimaging).23 These methods hold the promise that the
interpretation of trial results may be greatly enhanced by the
identification of patients who respond more robustly to treatment
or who have fewer adverse events than others. We advocate for
running pragmatic trials with fewer outcomes, as discussed
above, whichwill make large pragmatic trials more feasible. At the
same time, we believe that it is important to use improved analysis
methods that examine personalization based on individual patient
traits or subgroup characteristics, making best use of the
collected data and moving towards personalized pain care.

For many pragmatic trials, it will be challenging to include the
types of patient assessments at baseline that have been used in
efficacy trials to examine differences among patients in their
responses to treatment. Biomarkers often require specialized
procedures that are not available in clinical practice, although
efforts have been made to develop methods such as bedside
sensory testing.147 Nonetheless, it would be possible to examine
various demographic and clinical phenotypes in many pragmatic
trials, for example, interactions between treatment (ie, treatment
vs control) and age, sex, race, BMI, pain duration, and comorbid
conditions. Such analyses should be justified and prespecified in
the statistical analysis plan, and if a specific confirmatory
hypothesis is being tested, adjustments for multiple comparisons
must be made. Often, hypotheses about interactions between
patient characteristics and treatment responses occur after data
analyses have begun; the results of any post hoc analyses must
be clearly identified in publications as exploratory and requiring
prospective replication. Although testing the statistical signifi-
cance of interactions requires larger sample sizes for adequate
power, this might be less of a concern in pragmatic trials than it
has been for generally smaller-sized efficacy trials given their often
larger sample size.53 Any increase in sample size that such
analyses require should be acknowledged and supported by
funders when there is compelling scientific justification.

3.11.3. Associations between outcomes, and benefit–risk
evaluation

To guide clinical and policy decisions, it may also be necessary to
evaluate associations between outcomes, for example, studying
benefits and risks within individual patients, which can then allow
ranking of the desirability of different outcome

combinations.35,36,39,75 In pain research, there is the potential
for a confounding effect from underlying pain-generating
conditions, such as pain improving not because of better pain
management but because of remission of the underlying disease
(making randomized trials essential). Conversely, (un)successful
painmanagement may affect the underlying disease outcome, as
in the discontinuation of chemotherapy due to insufficient pain
relief. Again, interpretation of one outcome (eg, pain relief) can
require clinical context with another outcome for the same patient
(eg, disease parameters or behavioral parameters). Finally, the
concept of “risk” may also encompass less serious and often
common adverse effects that nonetheless limit the real-world
acceptability of analgesic treatments.44,87 All these factors are
trial specific and require consideration when determining the
outcomes of interest, combinations of outcomes, and analytical
approach.

In our recent review, none of the included studies employed
composite metrics or analyses that directly juxtaposed treatment
risks and benefits.71 Like cost-savings, risk–benefit consider-
ations can be implicit in some trials, namely, when a treatment is
of obvious low risk. Where this is not the case, however, most
authors resort to simply reporting adverse events, comparing
them between groups or informally considering risk vs benefit in
the trial report.71 However, such reporting does not allow for
informed decision making in clinical practice or policy, in
particular when rates of effectiveness or adverse events are
similar, nor does this allow for the identification of subgroups with
different risk–benefit profiles.36 Consider, for example, a trial of 3
interventions showing different benefit–risks profiles: Treatment A
has a 50% success rate and safety events (or important side
effects) occur in 30% of cases, treatments B and C both have
a 50% success rate and safety events occur in 50% of cases.
Based on this information, one would select treatment A, and
treatments B and C are indistinguishable. However, rather than
using the entire patient population to analyze 2 distinct outcomes,
we can use individual patient profiles to analyze the association
between outcomes. Patients may fall in one of 4 categories: (1)
treatment success with a safety event, (2) success without
a safety event, (3) treatment failure and a safety event occurred,
and (4) failure and no safety event. If we were to find that in
treatment B, success and safety events are highly correlated (ie,
many patients with treatment success also had adverse events),
while in treatment C, they were not, the interpretation of the trial
would shift dramatically. As above, combinations of outcomes
and respective analyses can answer pragmatic, clinically relevant
questions. We believe such approaches to be promising
especially for pragmatic trials and underused in pain research.
Guidance on specific methods is available,37,39,40 including from
IMMPACT,98 and composite measures have been developed.93

3.11.3.1. Reporting

The present set of IMMPACT considerations share a unifying
theme: achieving a balance between internal trial validity and
obtaining meaningful information relevant to everyday clinical
practice. Researchers will inevitably weigh these demands
differently and must tailor methods for each research question
and trial context. To comprehensively understand a trial, its report
or supplementary files must elucidate the reasoning behind
methodological choices, clarifying the specific pragmatic ques-
tion and why the trial design is deemed suitable to address it. The
CONSORT extension for pragmatic trials contains some items to
that effect,191 but additional considerations are deemed relevant
(Table 3). Furthermore, authors are encouraged to provide a self-
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assessment and justification of trial methods according to the
PRECIS-2 domains.111 Note that the use of the PRECIS-2 table,
not wheel-diagram, is preferable because it allows for a pre-
sentation of design rationales (available at https://www.precis-2.
org/Help/Documentation/Toolkit).

In reporting a trial intended for clinicians and decision makers,
authors should write the report with these end users in mind: Trial
authors are ideally positioned to enable others to judge the
applicability of findings to their setting and population, and
authors should provide essential information, currently frequently
omitted or superficially reported.71 Details, such as who was
treated, how, by whom, and in which context, are crucial for end
users of pragmatic trials and warrant detailed reporting. Word
limit policies may hinder comprehensive reporting, and editors
should consider permitting extensive online supplementary
material for authors to offer detailed descriptions of interventions,
trial populations, settings, and procedures. Finally, trial reports
should facilitate evidence synthesis andmeta-research.70 For any
trial, this includes detailed reporting of participant numbers at
each time point as well as outcome data per group,109,156 and
ideally making individual participant data openly available. The
International Committee of Medical Journal Editors (ICMJE)
guidelines also encourage separate reporting of data by de-
mographic variables.81 When involving pragmatic trials, system-
atic reviews benefit from information to judge the applicability of
trial results,191 and meta-analyses by being able to incorporate
information about within-study heterogeneity to evaluate the
appropriateness of data pooling120 or to explain variations in
effect sizes.153

Specific reporting recommendations are proposed in Table 3.

4. Discussion

For years, researchers and regulatory bodies have called for
improved pragmatic and comparative effectiveness trials. In 2009,
Luce et al112 called for the research community to focus more on
the comparison ofmultiple interventions in routine practice settings
and on designs that make it possible to funnel resources into the
most promising approaches while allowing for adaptation in the
light of emerging evidence. They highlight the need to efficiently
collect data, use all data collected during a trial, and embrace
subgroup analyses of treatment responses.112 At the same time,
and like many other authors,48,167 Luce et al.112 draw attention to
the basic challenge of pragmatic trials: If a trial fails to show
effectiveness for a promising intervention, how can we know if this
was because the treatment really is not effective in a broader
population and real-world setting—or if it was due to factors
inherent in the design and conduct of the trial? This balancing of
external and internal validity is the basic themeof the present article
series.73 Our work is aligned with a recent topical review by Keefe
et al.,94 which made related recommendations for embedded and
implementation trials of behavioral pain treatments. Here, we
expand these considerations to analgesic trials in general and add
further topics. This article adds to existing recommenda-
tions69,111,187 by making pain-specific recommendations where
required. It also emphasizes the need for a deliberate consideration
of the tension between internal and external validity in each design
decision. With some exceptions,51,56,57,187 prominent guidance to
date focuses on enhancing clinical applicability.77,111,140,172

Trial designers need to ensure that their study can answer the
question under investigation and do so in a rigorous manner. We
acknowledge that fully complying with all recommendations
holds the risk of pragmatic trials becoming overly large and
complicated or losing their resemblance to routine practice.148

On the other hand, uninterpretable trials add to research
waste141; our publications can help trialists and funders to
minimize such. We also hold that there is a lot to be gained from
(1) deliberately weighing design choices regarding their influence
on internal validity, generalizability, and trial feasibility during the
planning phase, (2) performing basic methods well, such as
blinding of outcome assessors and randomization, known to
enhance trial validity (see Ref. 73), (3) harnessing novel
technological and statistical approaches as outlined in this article,
and (4) raising the standard of trial reporting. We have presented
considerations specific to the field of pain research, but many are
likely transferable to other fields.
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[70] Hirt J, Janiaud P, Düblin P, Hemkens LG.Meta-research on pragmatism
of randomized trials: rationale and design of the PragMeta database.
Trials 2023;24:437.

[71] Hohenschurz-Schmidt D, Kleykamp BA, Draper-Rodi J, Vollert J, Chan
J, Ferguson M, McNicol E, Phalip J, Evans SR, Turk DC, Dworkin RH,
Rice ASC. Pragmatic trials of pain therapies: a systematic review of
methods. PAIN 2022;163:21–46.

[72] Hohenschurz-Schmidt D, Thomson OP, Rossettini G, Miciak M, Newell
D, Roberts L, Vase L, Draper-Rodi J. Avoiding nocebo and other
undesirable effects in chiropractic, osteopathy and physiotherapy: an
invitation to reflect. Musculoskelet Sci Pract 2022;62:102677.

[73] Hohenschurz-Schmidt DJ, Cherkin D, Rice ASC, Dworkin RH, Turk DC,
McDermott MP, Bair MJ, DeBar LL, Edwards RR, Farrar JT, Kerns RD,
Markman JD, Rowbotham MC, Sherman KJ, Wasan AD, Cowan P,
Desjardins P, Ferguson M, Freeman R, Gewandter JS, Gilron I, Grol-
Prokopczyk H, Hertz SH, Iyengar S, Kamp C, Karp BI, Kleykamp BA,
Loeser JD, Mackey S, Malamut R, McNicol E, Patel KV, Sandbrink F,
Schmader K, Simon L, Steiner DJ, Veasley C, Vollert J. Research
objectives and general considerations for pragmatic clinical trials of pain
treatments: IMMPACT statement. PAIN 2023;164:1457–72.

[74] Holzer KJ, Veasley C, Kerns RD, Edwards RR, Gewandter JS, Langford
DJ, Yaeger LH, McNicol E, Ferguson M, Turk DC, Dworkin RH,
Haroutounian S. Partnering with patients in clinical trials of pain
treatments: a narrative review. PAIN 2022;163:1862–73.

[75] Howard-Anderson J, Hamasaki T, Dai W, Collyar D, Rubin D, Nambiar
S, Kinamon T, Hill C, Gelone SP, Mariano D, Baba T, Holland TL,
Doernberg SB, Chambers HF, Fowler VG Jr, Evans SR, Boucher HW.
Improving traditional registrational trial end points: development and
application of a desirability of outcome ranking end point for complicated
urinary tract infection clinical trials. Clin Infect Dis 2023;76:e1157–65.

[76] Howland RH. Sequenced treatment alternatives to relieve depression
(STAR*D)—part 2: study outcomes. J PsychosocNursMent Health Serv
2008;46:21–4.

[77] Huebschmann AG, Leavitt IM, Glasgow RE. Making health research
matter: a call to increase attention to external validity. Annu Rev Public
Health 2019;40:45–63.

[78] Hung A, Baas C, Bekelman J, Fitz-RandolphM, Daniel Mullins C. Patient
and stakeholder engagement in designing pragmatic clinical trials. In:
Birnbaum HG, Greenberg PE, editors. Decision making in a world of
comparative effectiveness research: a practical guide. Singapore:
Springer, 2017. p. 137–52.

[79] Institute of Medicine. Initial national priorities for comparative
effectiveness research. Washington, DC: National Academies Press,
2009.

[80] Institute of Medicine (US) Committee on Advancing Pain Research,
Care, and Education. Relieving pain in America: a blueprint for
transforming prevention, care, education, and research. Washington,
DC: National Academies Press, 2011.

[81] International Committee of Medical Journal Editors. ICMJE
recommendations: preparing a manuscript for submission to
a Medical Journal. Available at: https://www.icmje.org/
recommendations/browse/manuscript-preparation/preparing-for-
submission.html. Accessed December 30, 2023.

[82] Irving E, van den Bor R, Welsing P, Walsh V, Alfonso-Cristancho R,
Harvey C, Garman N, Grobbee DE, GetReal Work Package 3. Series:
pragmatic trials and real world evidence: paper 7. Safety, quality and
monitoring. J Clin Epidemiol 2017;91:6–12.

[83] Ishaque S, Johnson JA, Vohra S. Individualized health-related quality of
life instrument measure yourself medical outcome profile (MYMOP) and
its adaptations: a critical appraisal. Qual Life Res 2019;28:879–93.

[84] Izmailova ES, Wagner JA, Perakslis ED. Wearable devices in clinical
trials: hype and hypothesis. Clin Pharmacol Ther 2018;104:42–52.

[85] Jain B, Bajaj SS, Stanford FC. Randomized clinical trials of weight loss:
pragmatic and digital strategies and innovations. Contemp Clin Trials
2022;114:106687.

[86] James S, Rao SV, Granger CB. Registry-based randomized clinical
trials—a new clinical trial paradigm. Nat Rev Cardiol 2015;12:312–6.

[87] Javed S, Petropoulos IN, AlamU,Malik RA. Treatment of painful diabetic
neuropathy. Ther Adv Chronic Dis 2015;6:15–28.

[88] Jones WS, Wruck LM, Harrington RA, Hernandez AF. Iterative
approaches to the use of electronic health records data for large
pragmatic studies. Contemp Clin Trials 2022;117:106789.

[89] Jonsdottir T, Jonsdottir H, Lindal E, Oskarsson GK, Gunnarsdottir S.
Predictors for chronic pain-related health care utilization: a cross-
sectional nationwide study in Iceland. Health Expect 2015;18:
2704–19.

[90] Kalkman S, van Thiel GJMW, Zuidgeest MGP, Goetz I, Pfeiffer BM,
Grobbee DE, van Delden JJM, Work Package 3 of the IMI GetReal
Consortium. Series: pragmatic trials and real world evidence: paper 4.
Informed consent. J Clin Epidemiol 2017;89:181–7.

2180 D. Hohenschurz-Schmidt et al.·165 (2024) 2165–2183 PAIN®

https://www.icmje.org/recommendations/browse/manuscript-preparation/preparing-for-submission.html
https://www.icmje.org/recommendations/browse/manuscript-preparation/preparing-for-submission.html
https://www.icmje.org/recommendations/browse/manuscript-preparation/preparing-for-submission.html


[91] Karran EL, Grant AR, Moseley GL. Low back pain and the social
determinants of health: a systematic review and narrative synthesis.
PAIN 2020;161:2476–93.

[92] Kass N, Faden R, Tunis S. Addressing low-risk comparative
effectiveness research in proposed changes to US federal regulations
governing research. JAMA 2012;307:1589–90.

[93] Katz NP, Mou J, Trudeau J, Xiang J, Vorsanger G, Orman C, Kim M.
Development and preliminary validation of an integrated
efficacy–tolerability composite measure for the evaluation of
analgesics. PAIN 2015;156:1357–65.

[94] Keefe FJ, Jensen MP, Williams ACdC, George SZ. The yin and yang of
pragmatic clinical trials of behavioral interventions for chronic pain:
balancing design features to maximize impact. PAIN 2022;163:1215–9.

[95] Kelsey MD, Patrick-Lake B, Abdulai R, Broedl UC, Brown A, Cohn E,
Curtis LH, Komelasky C, Mbagwu M, Mensah GA, Mentz RJ, Nyaku A,
Omokaro SO, Sewards J,Whitlock K, Zhang X, Bloomfield GS. Inclusion
and diversity in clinical trials: actionable steps to drive lasting change.
Contemp Clin Trials 2022;116:106740.

[96] Kerns RD, Brandt CA. NIH-DOD-VA pain management collaboratory:
pragmatic clinical trials of nonpharmacological approaches for
management of pain and co-occurring conditions in veteran and
military health systems: introduction. Pain Med 2020;21(suppl 2):
S1–4.

[97] Kerns RD, Davis AF, Fritz JM, Keefe FJ, Peduzzi P, Rhon DI, Taylor SL,
Vining R, Yu Q, Zeliadt SB, George SZ. Intervention fidelity in pain
pragmatic trials for nonpharmacologic pain management: nuanced
considerations for determining PRECIS-2 flexibility in delivery and
adherence. J Pain 2023;24:568–74.

[98] Kleykamp BA, Dworkin RH, Turk DC, Bhagwagar Z, Cowan P,
Eccleston C, Ellenberg SS, Evans SR, Farrar JT, Freeman RL,
Garrison LP, Gewandter JS, Goli V, Iyengar S, Jadad AR, Jensen MP,
Junor R, Katz NP, Kesslak JP, Kopecky EA, Lissin D, Markman JD,
McDermott MP, Mease PJ, O’Connor AB, Patel KV, Raja SN,
Rowbotham MC, Sampaio C, Singh JA, Steigerwald I, Strand V, Tive
LA, Tobias J, Wasan AD, Wilson HD. Benefit-risk assessment and
reporting in clinical trials of chronic pain treatments: IMMPACT
recommendations. PAIN 2022;163:1006–18.

[99] Koleck TA, Dreisbach C, Bourne PE, Bakken S. Natural language
processing of symptoms documented in free-text narratives of
electronic health records: a systematic review. J Am Med Inform
Assoc 2019;26:364–79.

[100] Korjian S, Gibson CM. Digital technologies and the democratization of
clinical research: social media, wearables, and artificial intelligence.
Contemp Clin Trials 2022;117:106767.

[101] Krebs EE, Becker WC, Nelson D, DeRonne BM, Nugent S, Jensen AC,
Amundson EC, Manuel JK, Borsari B, Kats AM, Seal KH. Design,
methods, and recruitment outcomes of the Veterans’ pain care
organizational improvement comparative effectiveness (VOICE) study.
Contemp Clin Trials 2023;124:107001.

[102] Krebs EE, Lorenz KA, Bair MJ, Damush TM,Wu J, Sutherland JM, Asch
SM, Kroenke K. Development and initial validation of the PEG, a three-
item scale assessing pain intensity and interference. J Gen Intern Med
2009;24:733–8.

[103] Kroenke K, Krebs EE, Turk D, Von Korff M, Bair MJ, Allen KD, Sandbrink
F, Cheville AL, DeBar L, Lorenz KA, Kerns RD. Core outcomemeasures
for chronic musculoskeletal pain research: recommendations from
a Veterans health administration work group. Pain Med 2019;20:
1500–8.

[104] Kruse CS, Kristof C, Jones B, Mitchell E, Martinez A. Barriers to
electronic health record adoption: a systematic literature review. J Med
Syst 2016;40:252.

[105] Ladeira CE, Cheng MS, da Silva RA. Clinical specialization and
adherence to evidence-based practice guidelines for low back pain
management: a survey of US physical therapists. J Orthop Sports Phys
Ther 2017;47:347–58.

[106] Lake S, Kammann E, Klar N, Betensky R. Sample size re-estimation in
cluster randomization trials. Stat Med 2002;21:1337–50.

[107] Langford DJ, Gewandter JS, Amtmann D, Reeve BB, Hertz S, Loeser
JD, Veasley C, Turk DC, Dworkin RH. Patient-reported chronic pain
intensity: more than meets the eye. Patient 2022;15:383–7.

[108] Lantos JD, Wendler D, Septimus E, Wahba S, Madigan R, Bliss G.
Considerations in the evaluation and determination of minimal risk in
pragmatic clinical trials. Clin Trials 2015;12:485–93.

[109] Li T, Higgins JPT, Deeks JJ. Chapter 5: collecting data. In: Higgins JPT,
Thomas J, Cumpston M, Li T, Page MJ, Welch VA, editors. Cochrane
Handbook for Systematic Reviews of Interventions version 6.4 (updated
August 2023). Cochrane, 2023. Available at: www.training.cochrane.
org/handbook. Accessed September 2, 2019.

[110] LittleRJA,D’AgostinoR,DickersinK, EmersonSS, Farrar JT, FrangakisC,
Hogan JW, Molenberghs G, Murphy SA, Neaton JD, Rotnitzky A,
ScharfsteinD,ShihW,Siegel JP, SternH. Theprevention and treatment of
missing data in clinical trials. Pannel on handling missing data in clinical
trials.Washington, DC: TheNational Academies Press, 2010. Available at:
https://lirias.kuleuven.be/1944903. Accessed December 10, 2020.

[111] Loudon K, Treweek S, Sullivan F, Donnan P, Thorpe KE, Zwarenstein M.
The PRECIS-2 tool: designing trials that are fit for purpose. BMJ 2015;
350:h2147.

[112] Luce BR, Kramer JM, Goodman SN, Connor JT, Tunis S, Whicher D,
Schwartz JS. Rethinking randomized clinical trials for comparative
effectiveness research: the need for transformational change. Ann Intern
Med 2009;151:206–9.

[113] Lynch ME, Campbell F, Clark AJ, Dunbar MJ, Goldstein D, Peng P,
Stinson J, Tupper H. A systematic review of the effect of waiting for
treatment for chronic pain. PAIN 2008;136:97–116.

[114] MacPherson H. Pragmatic clinical trials. Complement Therap Med
2004;12:136–40.

[115] Malliaras P, Merolli M,Williams CM, Caneiro JP, Haines T, Barton C. ‘It’s
not hands-on therapy, so it’s very limited’: telehealth use and views
among allied health clinicians during the coronavirus pandemic.
Musculoskelet Sci Pract 2021;52:102340.

[116] Marcus SM, Stuart EA, Wang P, Shadish WR, Steiner PM. Estimating the
causal effect of randomization versus treatment preference in a doubly
randomized preference trial. Psychol Methods 2012;17:244–54.

[117] Markman JD, Gewandter JS, Frazer ME. Comparison of a pain
tolerability question with the numeric rating scale for assessment of
self-reported chronic pain. JAMA Netw Open 2020;3:e203155.

[118] Matthews AA, Danaei G, Islam N, Kurth T. Target trial emulation:
applying principles of randomised trials to observational studies. BMJ
2022;378:e071108.

[119] Mattison G, Canfell O, Forrester D, Dobbins C, Smith D, Töyräs J,
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