Journal of Pain Research Dovepress
Taylor & Francis Group

PERSPECTIVES

Moving Beyond One-Size-Fits-All: Charting a Path
to Personalized Nonpharmacological and
Noninvasive Chronic Pain Management

Qiang Xie '_3, Simon B Goldberg 2’3, Nora Jacobson 4’5, David Rakel', Andrew Quanbeck :

'Department of Family Medicine and Community Health, University of Wisconsin — Madison, Madison, WI, USA; 2Department of Counseling
Psychology, University of Wisconsin — Madison, Madison, WI, USA; 3Center for Healthy Minds, University of Wisconsin — Madison, Madison, WI,
USA; “Institute for Clinical and Translational Research, University of Wisconsin — Madison, Madison, WI, USA; >School of Nursing, University of
Wisconsin — Madison, Madison, WI, USA

Correspondence: Qiang Xie, Department of Counseling Psychology, University of Wisconsin-Madison, 335 Education Building, 1000 Bascom Mall,
Madison, WI, 53706, USA, Tel +| 608-421-9632, Email giang.xie@wisc.edu

Abstract: One-size-fits-all opioid treatment for chronic pain may undermine treatment effectiveness and cause adverse effects. We
explore personalized nonpharmacological and noninvasive chronic pain treatment as a promising approach to minimize these risks and
optimize outcomes for each patient. Our paper introduces the definition of personalized treatment, emphasizes the significance of
intervention personalization, and outlines strategies for inter- and intra-patient personalization in chronic pain management. We also
discuss empirical studies on personalized chronic pain treatment. Research has shown a variety of strategies for personalizing
nonpharmacological and noninvasive chronic pain treatment. These strategies have demonstrated the potential to improve effective-
ness. However, many critical scientific questions remain unanswered. To fully harness the potential of personalized nonpharmacolo-
gical and noninvasive chronic pain treatment, future research should conduct robust clinical trials and meta-analyses comparing
personalized and non-personalized chronic pain interventions, examine diverse personalization approaches, incorporate ecological
momentary assessment into outcomes assessment, leverage digital technologies, engage patients in treatment design, and assess factors
influencing the implementation of personalized chronic pain treatment.
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Introduction

Chronic pain is commonly defined as pain lasting or recurring for more than 3 to 6 months." Chronic pain is a pervasive
health challenge that detrimentally impacts individuals and society. According to the Centers for Disease Control and
Prevention (CDC), approximately one in five adults in the United States (US) experienced chronic pain between 2019
and 2021.% The significance of chronic pain is multifaceted. Beyond the physical suffering it inflicts, it is associated with
diminished quality of life, impaired functioning in work and social life, and emotional distress.>™ On the societal level,
chronic pain imposes substantial economic burdens through healthcare expenses and lost productivity.® Considering the
individual suffering and societal impact inflicted by chronic pain, there is an imperative to develop effective interventions
for its management.

Historically, physicians have often used opioid-based treatments as a uniform solution to treat chronic pain.” Opioids
may provide short-term relief for chronic pain.® However, excessive reliance on opioids has been linked to a spectrum of
adverse consequences, including the risk of opioid misuse, dependence, addiction, and overdose deaths.”'' These
outcomes not only exact a devastating toll on individuals and their families but also incur substantial economic
costs.'? Furthermore, opioids are not universally effective for all patients experiencing chronic pain. In the case of
specific chronic pain conditions, such as neuropathic pain and fibromyalgia, the evidence supporting the benefits of
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opioids for pain relief is limited,'* and in some instances (eg, osteoarthritis), there is evidence indicating that opioids may
actually worsen outcomes.'*

In recognition of the negative consequences of such a one-size-fits-all approach, there has been a burgeoning
exploration of alternative, evidence-based interventions in chronic pain management.'>'® These interventions, such as
psychotherapies and mind-body interventions, seek to help individuals manage chronic pain while mitigating the
potential downsides of prolonged opioid use.'>'® In addition, personalized interventions for chronic pain that tailor
interventions to the specific needs and characteristics of each patient have emerged as a promising approach to
minimizing the risks associated with the over-reliance on opioids and optimizing treatment effects for each patient.!””
19 As Margo McCaffery’s definition of pain highlights, “pain is whatever the person who experiences it says it is, existing
whenever he/she says it does”. This patient-centered understanding reinforces the importance of individualized
approaches in chronic pain management, ensuring that treatment strategies are aligned with the unique experiences
and needs of each patient.””

Despite its potential, personalized nonpharmacological and noninvasive chronic pain management, has not yet been
fully harnessed in clinical research and practice. A recent meta-analytic review focusing on interdisciplinary multimodal
chronic pain treatment studies revealed that 81% of these studies included low levels of tailoring, primarily involving
some form of personalized treatment goal setting. However, only 8% of these studies incorporated high-level tailoring,
featuring fully individualized intervention strategies and treatment intensity.”’ While levels of opioid prescribing have
dropped in recent years, opioid prescribing remains prevalent in chronic pain treatment despite the associated health
risks.>? This has occurred even though the CDC advised against considering opioids as a first-line therapy and
recommended prioritizing non-opioid treatments over opioids for chronic pain.*> This trend reflects a broader issue in
healthcare; a study revealed that only 54.9% of American adults receive the recommended healthcare.?* This critical gap
in both research and practice, coupled with the potential benefits of highly personalized chronic pain management,
necessitates a closer examination of personalized interventions within the context of chronic pain.

The current paper explores personalized nonpharmacological and noninvasive chronic pain management as a means
to optimize the efficacy of interventions for chronic pain. We pursue the following three objectives:

1. Introduce the conceptual foundations and motivation behind personalized treatment, as well as promising
strategies for intervention personalization.

2. Discuss chronic pain management as a candidate for a personalized approach, including the importance of
personalized chronic pain management and empirical studies on personalized nonpharmacological and noninva-
sive chronic pain interventions.

3. Discuss key future directions for research on personalized nonpharmacological and noninvasive chronic pain
management.

Intervention Personalization in Healthcare

What is Intervention Personalization?

Intervention personalization is a broad concept involving processes of tailoring interventions to individuals according to
their internal or environmental characteristics, intending to optimize treatment effectiveness, minimize potential adverse
effects, or both.”> >® The personalization of interventions can involve both healthcare system-initiated treatment tailoring
(eg, clinicians providing interventions based on patients’ unique characteristics) and collaborative treatment customiza-
tion between patients and the healthcare system. Intervention personalization can be achieved across various aspects,
such as the content, frequency, duration, sequencing, and timing of interventions.?”*® Intervention personalization can
operate at two levels. At the inter-patient level, each patient receives individualized interventions specifically tailored to
their unique characteristics compared to other patients.>” At the intra-patient level, intervention personalization involves
the ongoing adjustment of interventions throughout the treatment to meet the evolving needs of each patient.’® In this
section, we briefly discuss the conceptualization and history of intervention personalization in physical and mental health,
respectively.
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Intervention personalization, in the realm of physical health, is often termed personalized medicine. Personalized
medicine marks a paradigm shift in healthcare, departing from the traditional one-size-fits-all approach.” According to
the US Food and Drug Administration, personalized medicine recognizes each patient as a unique individual shaped by
complex interactions among genetic, environmental, and lifestyle factors.?® Personalized medicine aims to “match the
right treatments at the right dosages for each individual patient at the right time”.*® The core element of personalized
medicine is to categorize patients with a certain disease into distinct subgroups based on their genetic or biological
characteristics and provide tailored medical treatments to these groups to optimize treatment benefits or minimize the
adverse effects of treatment.”” The advancement in personalized medicine can be attributed to the breakthroughs in
genomics, medical technology, and interdisciplinary research. The turn of the 21st century brought groundbreaking
discoveries regarding genetic variants driving disease mechanisms.>' In the contemporary landscape, rapid strides in
genomics, coupled with progress in computational biology, medical imaging, and regenerative medicine, have provided
the essential tools for robust personalized treatment.”’

In contrast to physical health conditions, the genetic or biological mechanisms underlying mental health conditions
are often less well-defined; many genetic variations have been found in severe mental illnesses, and genetic variants are
non-specifically associated with various mental disorders.*> Consequently, intervention personalization in mental health
is less focused on delivering tailored treatments to subgroups with specific genetic or biological traits.>’ Rather, it is often
a multifaceted process that encompasses the consideration of numerous biopsychosocial factors. Evidence-based practice,
proposed by the American Psychological Association, recognizes the significance of tailoring psychological interventions
based on individual patient characteristics, culture, and preferences for treatment.*® Evidence-based practice recognizes
that patients sharing the same psychiatric diagnosis can exhibit significant variations in etiology, prognosis, and factors
sustaining psychopathological conditions. It acknowledges that client characteristics such as comorbidities, personality

traits, developmental stage, motivation for change, and personal values can significantly impact treatment outcomes.’”

Why is Intervention Personalization Important?

Fostering Patient Engagement

Theoretical frameworks, such as self-determination theory, posit that individuals are more likely to be engaged and
motivated when their psychological needs for autonomy (sense of volition and control over one’s own actions),
competence (sense of efficacy and mastery), and relatedness (sense of meaningful connections and relationships) are
met.>* Intervention personalization, by considering patients’ unique biopsychosocial characteristics, preferences, and
cultural backgrounds, may inherently address needs for autonomy and competence and thus foster patients’ engagement
in treatment. Specifically, intervention personalization may enhance patients’ autonomy by involving them in decisions
about their treatment plans and allowing treatment choices that resonate with their needs and preferences. It may also
contribute to enhanced competence by tailoring interventions to individual’s capabilities.

Similarly, perspectives from behavioral economics also support the significance of intervention personalization in
fostering patient engagement. Behavioral economic principles posit that human beings have limited cognitive resources
and processing capabilities and that decision-making is susceptible to various cognitive biases.>> One widely recognized
cognitive bias in behavioral economics is the endowment effect, which suggests that people tend to value things more
highly when they perceive them as their own.*® Patients may feel a stronger sense of “ownership” over their treatment by
involving them in the process of developing personalized treatment plans. According to the endowment effect, this may
increase patients’ treatment engagement, as they see the treatment as something valuable and integral to their well-being.

Research on psychological interventions supports these theoretical perspectives, showing that interventions aligned
with participants’ values, preferences, and needs may enhance engagement in the interventions.>”** A meta-analysis on
psychotherapy indicated that patients receiving their preferred treatments were half as likely to drop out relative to those
who did not.** In a randomized controlled trial (RCT) on mobile health treatment for promoting physical activity,
personalized goal setting, based on participants’ self-reported capabilities and goals, was found to increase engagement in
physical activities compared to the intervention arm with generic goals from national guidelines.** Conversely, lack of

intervention personalization seemed to be a reason for participants to drop out of interventions.*' Intervention
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personalization may be particularly critical in chronic conditions, where long-term engagement in interventions is vital
for the successful management of health concerns.

Optimizing Treatment Effectiveness

As noted above, intervention personalization operates on the fundamental recognition that patients, even with similar
diagnoses, exhibit substantial variability in their biopsychosocial characteristics. This heterogeneity profoundly influ-
ences treatment responses. For physical health conditions, tailoring interventions to align with these individual char-
acteristics could optimize treatment efficacy by directly addressing the unique biological mechanisms of each patient.
This perspective is supported by empirical evidence across various medical domains. For instance, in oncology,
personalized cancer therapies using specific biomarkers for treatment selection were associated with improved response
rates, prolonged progression-free survival and overall survival, and lower treatment-related death compared to non-
personalized treatments.*?

For mental health concerns, the aptitude-treatment interaction framework posits that the response to a particular
psychological treatment depends on the individual’s characteristics (aptitude). In other words, individuals with certain
characteristics could more readily benefit from certain treatment situations theoretically.** Correspondingly, intervention
personalization could optimize treatment efficacy by tailoring treatments to individuals’ characteristics. Indeed, empirical
research has shown that patients with certain characteristics, such as an insecure attachment style, tend to exhibit better
treatment outcomes from specific forms of psychotherapy (eg, those focused on interpersonal relationships).** Moreover,
a recent meta-analysis on RCTs has suggested that psychological interventions tailored to individual patient character-
istics lead to more favorable outcomes compared to standardized treatments.*’

Minimizing Adverse Effects

Intervention personalization can also be crucial for minimizing the adverse effects of treatment. Without personalization,
treatments risk being applied uniformly across diverse patient profiles, neglecting the inherent variability in how
individuals respond to interventions. In the realm of medical treatments such as pharmacotherapy, the importance of
genetic variations in drug metabolism has been well-documented.*® Failure to consider these variations can lead to
adverse reactions, as individuals with different genetic makeup can metabolize drugs differently. Correspondingly,
empirical evidence in personalized medicine showcases instances where tailoring medical treatments based on genetic
information significantly reduces the occurrence of adverse reactions.*’

This principle extends into psychological interventions. Individuals undergoing psychological interventions exhibit
significant variability in their psychological makeup, life experiences, and coping styles. In a standardized or generic
approach, certain therapeutic techniques or strategies that work well for some individuals may be counterproductive or
distressing for others. For example, meditation-based interventions in general are beneficial for improving mental
health.*® However, there is a small proportion of meditation practitioners who reported meditation-related adverse effects
(eg, traumatic re-experiencing, functional impairment), and practitioners with childhood adversity experiences (eg,
abuse) have an elevated risk of experiencing meditation-related adverse effects.*” This underscores the potential for
personalized psychological interventions to minimize the risk of inadvertently worsening psychological distress.

How to Personalize Interventions!?

In this section, we discuss approaches for intervention personalization.”’*® Consistent with our conceptualization of
intervention personalization, we broadly categorize personalization approaches at two levels: inter-patient personalization
(ie, assigning tailored interventions based on the characteristics of individual patients compared to other patients) and
intra-patient personalization (ie, adapting interventions during treatment to meet each patient’s evolving needs). It is
important to acknowledge that our discussion represents a selection of prominent strategies and is not intended to provide
an exhaustive list of strategies. In Table 1, we provide a summary of these intervention personalization strategies.

Inter-Patient Intervention Personalization
Several strategies aim to personalize intervention strategies at the inter-patient level with the recognition of individual
variability among patients. The Personalized Advantage Index (PAI) is a statistical algorithm utilizing pre-treatment
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Table | Intervention Personalization Strategies

Category Strategy Description
Inter-patient Personalized Advantage Index | Utilizing pre-treatment patient characteristics to generate a personalized advantage score,
personalization indicating the predicted benefit of one treatment over another®®

Shared decision making Reaching an agreement on treatment plans between healthcare providers and patients

through a collaborative exchange of information about treatment options®'

Etiology-informed Tailoring interventions based on the specific causal mechanisms underlying a patient’s
personalization condition by stratifying individuals into etiological subtypes and selecting treatments that

directly target the root cause®

Intra-patient Routine outcome monitoring | Adjusting treatment plans to meet patients’ evolving needs by tracking treatment outcomes
personalization and identifying trends or potential challenges®***
Micro-randomized trial Determining types or contents of momentary interventions through rapid randomizations of

different interventions multiple times each day or week, often guided by real-time data or

contextual factors®>

Sequential multiple Elucidating the most effective intervention sequences by systematically re-randomizing

assignment randomized trial participants at multiple stages based on their responses to previous treatments°®

patient characteristics, such as demographic information and symptom severity, to determine which treatment is likely to
be more advantageous for a given patient.’® PAI was originally developed by DeRubeis et al’s randomized clinical trial to
predict the relative efficacy of cognitive behavioral therapy (CBT) versus medications for major depressive disorder.’® In
this trial, DeRubeis et al found relevant patient characteristics that could predict treatment outcomes, such as age,
employment status, baseline symptom severity, presence of comorbid personality disorder, and number of stressful
events. They developed predictive models for each patient using data from other patients to ensure the prediction was
unbiased. Using these models, they estimated the expected end-of-treatment depressive symptoms for each treatment
option with the input of each patient’s characteristics. By calculating the difference between the expected outcomes of
different treatments for each patient, PAI indicated the treatment most likely to yield the best results for each patient.
Research suggests that patients receiving their PAl-indicated “optimal” treatment had superior treatment outcomes
compared to those assigned to PAI-non-indicated treatment (“non-optimal” treatment).’’->® These findings demonstrated
the potential of PAI in guiding personalized treatment selection.

Shared decision making is a collaborative approach to personalized treatment selection according to diverse needs of
different patients.’’ Unlike PAI, shared decision making does not rely solely on statistical algorithms; instead, it
emphasizes a partnership between the patient and the healthcare provider through collaborative decision-making.
Shared decision making involves a comprehensive exchange of information between the healthcare provider and the
patient, where treatment options, including potential benefits and risks, are thoroughly discussed. Through discussions
about various options and potential outcomes, a joint agreement on the treatment plan is reached.”’ Shared decision
making often utilizes decision support tools such as informational materials to facilitate understanding of treatment
options. Emphasizing patient values and preferences, shared decision making ensures that the patient’s lifestyle, goals,
and concerns are integral to the decision-making process.’® Evidence from RCTs suggested that shared decision making
increased patient satisfaction and engagement.®®

Etiology-informed personalization is a strategy that tailors clinical interventions based on the specific causal
mechanisms underlying an individual patient’s condition.”® By stratifying patients according to etiological profiles,
this approach selects intervention types that directly target each patient’s root cause of conditions.’® This strategy has
been applied in multiple domains. For instance, pain can be classified into nociceptive, neuropathic, or nociplastic types
based on its underlying etiology.®> Nociceptive pain arises from tissue damage, inflammation, and degeneration;
neuropathic pain results from nerve injury or damage; and nociplastic pain reflects a sensitized nervous system without
clear tissue or nerve damage.®> Correspondingly, certain treatments are specific to a given pain phenotype; for example,
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neurodynamic mobilizations for neuropathic pain target the underlying neural pathology.®* Other treatment approaches,
such as pain education and exercise therapy, may be applicable across different pain types, but their content and delivery
should be adapted to the underlying pain mechanism.®* Similarly, in the management of childhood obesity, an etiology-
based personalized intervention model has been proposed to customize nutritional, physical activity and behavioral
components according to each child’s unique causal factors for obesity;®> and in asthma, delineating distinct inflamma-
tory endotypes (phenotypes linked to underlying biology) allows clinicians to choose targeted therapies matched to the
patient’s disease mechanism.®®

Intra-Patient Intervention Personalization

Beyond personalizing intervention strategies at the inter-person level, some approaches adapt interventions during
treatment. Routine outcome monitoring is an intervention personalization strategy that involves regularly measuring
patients’ well-being, symptoms, and functioning throughout treatment. By systematically tracking these outcomes,
clinicians can identify trends or potential challenges in a patient’s progress, allowing for timely adjustments to treatment
plans to meet each patient’s needs.’**>* Meta-analytic evidence suggested that the use of routine outcome monitoring in
psychotherapy was associated with improved outcomes compared to treatment-as-usual.>

Micro-randomized trials are a trial design offering a dynamic and contextually responsive approach to personalizing
interventions. Micro-randomized trials involve rapid randomizations of different interventions multiple times each day or
week, often guided by real-time data or contextual factors.”> This approach allows for determining the momentary
interventions that patients need and are receptive to, in real time and real-world settings. Micro-randomized trials are
particularly relevant in the context of mobile health interventions, where real-time delivery of appropriate interventions
in moments when individuals need support is assumed to enhance effectiveness.*”

In complex and longer-term interventions, which often involve a combination of multiple treatments, tailoring the
order and timing of these interventions to individual needs emerges as a critical facet of intervention personalization.
Sequential multiple assignment randomized trial (SMART) can be useful in discerning the most effective order of
interventions, as well as which follow-up interventions are most effective for non-responders to the initial interventions.>®
In a SMART design, participants undergo initial randomization to distinct treatments. Following this phase, adaptive
decisions are made based on individual responses, leading to subsequent randomization to different follow-up treatments.
This adaptive process iterates through various stages, allowing for the tailoring of interventions based on individual
responses.’® For example, in a SMART design evaluating interventions for children with attention-deficit/hyperactivity
disorder, participants were initially randomized into groups receiving either behavioral parent training and teacher
consultation or extended-release methylphenidate. Those who did not respond sufficiently to the initial treatment were re-
randomized into groups receiving increased dose/intensity of the initial treatment or adding the other treatment option.®”
The results showed that for non-responders to behavioral interventions at the first stage, increasing the intensity of
behavioral interventions at the second stage produced better outcomes than adding pharmacological treatments. However,
for non-responders to medication at the first stage, the second-stage interventions did not show significant differences in
outcomes.®’

Chronic Pain Management as a Candidate for a Personalized Approach

What Makes Personalization Crucial in Chronic Pain Management?
Inter-Patient Variability in Pain Etiologies, Contributing Factors, and Pain Experiences
Chronic pain is not a singular entity but an umbrella term encompassing a multitude of conditions with different
etiologies.’ For instance, chronic musculoskeletal pain like symptomatic osteoarthrosis is characterized by the wear and
tear of joints, bones, muscles, or associated soft tissues; chronic neuropathic pain is caused by nerve damage or
dysfunction.' The distinct etiologies and pathophysiologies characterizing different pain conditions highlight the need
for tailored approaches that address the unique origins and physiological processes to ensure effective chronic pain
management.

Moreover, interactions among various psychosocial factors, such as gender, age, race/ethnicity, and pain catastrophiz-
ing contribute to the unique experiences of chronic pain across different patients.’® Personality traits may play a role in
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the use of coping strategies and the effect of coping strategies for patients with chronic pain. In one study conducted on
patients with rheumatoid arthritis,* researchers found that emotional expression was associated with lower pain in those
with lower extroversion levels but demonstrated the opposite effect in patients with higher extroversion.®” According to
this finding, encouraging low-extroversion patients to engage in emotional expression may help improve their pain
outcomes. In contrast, emotional expression interventions may be unhelpful or even harmful for high-extroversion
patients. Thus, it is important to tailor interventions to the psychosocial characteristics (eg, personality traits) of each
patient to optimize treatment effectiveness while minimizing potential adverse effects.

The spectrum of chronic pain also extends across varying degrees of severity and functional impairment.” This
heterogeneity requires personalized interventions that account for both the intensity of pain and its functional repercus-
sions. For instance, consider a patient experiencing moderate pain due to osteoarthritis. This patient faces challenges in
performing routine activities like walking and climbing stairs. A personalized intervention for them might involve
a combination of tailored exercises to improve joint mobility and biofeedback to enhance their awareness and control
over physiological responses contributing to pain. In contrast, another patient with neuropathic pain might endure more
intense pain sensations but maintain relatively unaffected daily functioning. In this case, a personalized intervention
could prioritize mindfulness or CBT techniques, targeting the psychological aspects of pain experiences (eg, pain
catastrophizing) and coping strategies. Conversely, applying one-size-fits-all treatment approaches without aligning
them with the specific pain severities and functional impacts may undermine treatment effectiveness.

Intra-Patient Variability in Pain Experiences and Coping Strategies

Intra-patient variability further underscores the importance of personalized chronic pain treatment. Research showed that
pain experiences (eg, pain intensity) and the use of coping strategies in patients with chronic pain can fluctuate on both
daily and momentary levels.”>”" For instance, momentary pain intensity, along with pain-related emotional and cognitive
symptoms, was found to increase steadily throughout the day in patients with multiple sclerosis.”® Kim et al demon-
strated that both daily pain intensity and pain acceptance showcased significant intra-person variability in patients with
spinal cord injury and chronic pain.”' Moreover, daily pain acceptance was found to be associated with improved daily
pain interference, social engagement, depressive symptoms, and positive affect and well-being.”" Individualizing chronic
pain interventions becomes important to accommodate these fluctuations. A one-size-fits-all approach may miss
opportunities to try potentially effective interventions or overburden participants in circumstances when they do not
need support. Personalized interventions, on the other hand, can dynamically adapt to the changing nature of pain
experiences and coping strategies, offering tailored strategies only when participants require them.*° For example, based
on the findings of Kim et al, interventions may selectively prompt pain acceptance strategies on days when patients
exhibit lower pain acceptance to potentially improve symptoms, well-being, and functioning. Such personalized inter-
ventions have the potential not only to enhance the effectiveness of interventions but also to boost engagement and
alleviate the burden on patients.

Treatment Response Heterogeneity
Nonpharmacological and noninvasive interventions have garnered attention for their potential to improve outcomes
related to chronic pain with minimal risks.”? Various interventions, such as CBT, mindfulness-based interventions
(MBIs), and biofeedback, address the psychological, behavioral, or physical aspects of chronic pain. These interventions
have demonstrated efficacy in mitigating pain severity and enhancing functionality among patients with chronic
pain, 167374
However, treatment response heterogeneity is evident in these interventions. A specific therapeutic approach that
proves efficacious for one patient may not yield similar results for another. For instance, an RCT involving patients (n =
256) with chronic pain showed that patients with fewer interpersonal problems related to pain coping, higher expectations
for treatment effect, greater disease severity, older age, and higher education levels benefited more from CBT compared
with other patients.”” Patient psychological characteristics were also found to predict the effect of MBIs. Research on
patients with chronic pain revealed that greater levels of attachment avoidance (ie, perceiving others as unreliable or
unavailable when being distressed) were associated with more substantial reductions in pain intensity following
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participation in MBIs.”® These variations highlight the heterogeneity in treatment responses among patients with different
demographics and psychological characteristics, supporting the importance of intervention personalization for chronic
pain.

Moreover, a specific therapeutic approach that proves efficacious in improving certain pain-related symptoms may not
yield similar results for other symptoms. In their meta-analysis of 167 RCTs on patients with fibromyalgia, Kundakci
et al found that MBIs and CBT could improve disease-specific quality of life, pain, sleep, and depression compared to
usual care while showing no impact on fatigue. In contrast, mind-body physical exercises were found to reduce fatigue
but were not effective in improving disease-specific quality of life.”” These findings underscore the importance of
providing targeted interventions to address the specific symptoms associated with chronic pain.

Personalized Nonpharmacological and Noninvasive Chronic Pain Treatment Studies
In 1991, Fry and Wong published one of the early studies on personalized nonpharmacological and noninvasive treatment
for chronic pain.”® In this study, elderly patients (n = 69) with chronic pain reported their styles of coping with chronic
pain. Patients who demonstrated a tendency for problem- and emotion-focused coping were paired with problem- and
emotion-focused pain management training, respectively. The remaining patients received mixed interventions randomly
chosen from problem- and emotion-focused training. The findings revealed significantly greater improvements in pain
severity, anxiety, adjustment, and satisfaction in groups with tailored interventions relative to the group receiving non-
tailored interventions.

In tandem with the growing emphasis on intervention personalization in the broader scientific literature, there has
been a rising number of empirical studies on personalized interventions for chronic pain. In the following sections, we
discuss some studies to demonstrate diverse strategies for personalizing nonpharmacological and noninvasive chronic
pain treatment. We focus on nonpharmacological and noninvasive approaches because they represent accessible and low-
risk strategies that can be implemented across diverse chronic pain populations. While our emphasis is on these
modalities, we acknowledge that pharmacological and/or invasive treatments (eg, interventional pain management) can
also be personalized based on pain etiology and individual characteristics.”’

Inter-Patient Personalized Nonpharmacological and Noninvasive Chronic Pain Treatment

Van Koulil et al examined the efficacy of personalized treatment relative to a waitlist control in patients (n = 158) with
fibromyalgia. Patients in the personalized treatment condition received 16-session CBT and exercise training focused on
addressing pain avoidance or pain persistence tailored to their cognitive-behavioral patterns. The treatment condition was
found to significantly improve both physical and psychological functioning from pre- to post-treatment and 6-month
follow-up compared to the waitlist control.*®

Lehtola et al conducted an RCT comparing the efficacy of specific movement control exercises (personalized) and
general exercises (non-personalized) in patients (n = 70) with non-specific low back pain. General exercises focused on
abdominal and paraspinal muscles without specific deep muscle engagement, aiming to improve overall physical function
and confidence in spine use. In contrast, specific movement control exercises emphasized monitoring the precision of the
lumbar spine position. These exercises specifically targeted a trunk movement direction, addressing the presumed lack of
control contributing to low back pain. The study found that the specific movement control exercises group showed
superior improvement in disability at 12-month follow-up compared to the general exercises group.®'

De Groef et al developed and pilot-tested a personalized eHealth intervention delivering pain science education and
self-management strategies for breast cancer survivors with chronic pain.** The program included 22 interactive sessions
tailored through a decision-tree algorithm to reflect each participant’s responses to questions. For example, only
participants who indicated they received chemotherapy were shown the education on chemotherapy-related pain.
Using a mixed-method pilot design with 29 women, the authors assessed feasibility, acceptability, and preliminary
efficacy over a six-week period with follow-up at three months. Qualitative findings emphasized that the program was
helpful and easy to use but best positioned as an adjunct to comprehensive care. Quantitative analyses indicated
significant improvements in pain-related functioning, physical functioning, quality of life, and symptoms of hyperalgesia
and allodynia, with no changes in pain intensity or emotional outcomes.
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In a multicenter cluster RCT, Koppenaal et al investigated the short-term effectiveness of “e-Exercise LBP”,
a stratified blended physiotherapy intervention integrating a smartphone app with face-to-face care.®® The study involved
208 patients with nonspecific low back pain, with the blended care group stratified according to their risk of developing
persistent pain. In particular, the intensity, duration, and psychosocial focus of interventions in the blended care group
were tailored to patients’ determined risk level. The control group received standard face-to-face physiotherapy without
the use of a web-based application or a priori risk stratification. While both groups showed clinically relevant improve-
ments, the study found no significant difference in the primary outcome of physical functioning at the 3-month follow-up.
However, the stratified blended physiotherapy group achieved significant improvements in fear-avoidance beliefs and
self-reported adherence to home exercises compared to the control. Additionally, patients at high risk of developing
persistent pain experienced significantly better physical functioning with the blended intervention.

Intra-Patient Personalized Nonpharmacological and Noninvasive Chronic Pain Treatment

Somers et al aimed to optimize pain management in women (n = 327) with breast cancer by evaluating varying dose
sequences of Pain Coping Skills Training (PCST).®* Participants were initially randomized to receive either a full course
(5 sessions, PCST-Full) or a brief version (1 session, PCST-Brief). Responders (=30% pain reduction) were re-
randomized to a maintenance dose or no dose, while non-responders were re-randomized to an increased or maintenance
dose. At the 6-month follow-up, all PCST dose sequences showed sustained pain reduction, with sequences involving
PCST-Full, either as an initial or secondary dose, exhibited the most durable pain reduction at the 6-month follow-up.
Conversely, sequences starting with PCST-Brief, followed by PCST-Brief Maintenance or no dose, had the least durable
pain reduction. These results highlight the importance of tailoring intervention sequences for effective pain management.
For instance, patients who do not respond to an initial PCST-Brief may benefit from an increased dose later, rather than
maintenance or no dose, to achieve more durable pain reduction.

In an RCT, Piette et al compared artificial intelligence-assisted CBT for chronic pain (AI-CBT-CP, personalized
group) to therapist-delivered CBT-CP in patients (n = 278) with chronic back pain.®® Both groups received CBT-CP for
10 weeks. The therapist-delivered CBT-CP group had weekly 45-minute telephone sessions. In the AI-CBT-CP group,
patients provided daily reports on pain severity, mood, sleep, step counts, CBT skill use, self-efficacy, and progress
toward behavioral goals. The Al engine in this group determined whether patients received a 45- or 15-minute
synchronous telephone session or a personalized asynchronous voice message each week based on these reports. At
the 6-month follow-up, more patients in the AI-CBT-CP group showed clinically significant improvements in pain-
related disability and pain intensity relative to the therapist-delivered group. Patients in the AI-CBT-CP group also
completed more treatment weeks and had less therapist interaction time.

Critical Evaluation of Personalized Nonpharmacological and Noninvasive Chronic Pain Treatment Studies

Across inter-patient personalization studies reviewed, inter-patient personalization was generally associated with
improvements in physical functioning and psychological outcomes, though in some cases these benefits were limited
to specific subgroups (eg, high-risk patients). Across these studies, tailoring was based upon cognitive-behavioral

80 81 8 and risk of developing chronic pain.*’

patterns,”” motor control impairments,” prior treatment experiences,
A strength of these studies was their grounding in theoretical or mechanistic models. Etiology-informed personalization
was most closely reflected in studies that matched interventions to presumed psychological or biomechanical
mechanisms.*>®' PAI and shared decision making were not implemented in any of the studies reviewed. In terms of

8083 one used a smaller RCT design,®' and one was a pilot

methodological rigor, two studies were well-powered RCTs,
study without a control group.*> Among the reviewed studies, only Lehtola et al directly isolated the effect of
personalization by comparing tailored movement control exercises to non-tailored general exercises; the remaining
studies did not compare tailored and non-tailored versions of the same intervention, making it difficult to determine
whether observed effects were attributable to personalization or to the intervention more broadly.

Across the intra-patient personalization studies reviewed, personalization was associated with improved outcomes in
pain-related disability and intensity, while also enhancing treatment efficiency and engagement. Personalization was

achieved through dynamic adaptation of intervention dose or delivery modality and intensity in response to patient
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progress or daily data.®*®*> These approaches align with the intra-patient personalization strategies discussed earlier,
particularly the SMART design and approaches conceptually similar to routine outcome monitoring. A strength of both
studies was their clearly defined adaptation protocols and adequate sample sizes.***> However, neither study employed
micro-randomized designs to test moment-to-moment intervention delivery.®**® Together, these studies highlight the
potential of intra-patient personalization to improve both clinical outcomes and scalability, while pointing to future

directions for greater temporal precision.

Future Research Directions

We believe that personalized nonpharmacological and noninvasive chronic pain treatment has the potential to enhance
treatment engagement, optimize treatment effectiveness, and minimize potential adverse effects. To harness the potential
of personalized chronic pain treatment, below we propose several future research directions (See Table 2 for a summary).

An important research question revolves around the effectiveness of personalized chronic pain treatment.
Theoretically, personalization holds the promise to optimize treatment effectiveness. However, existing literature falls
short of providing a definitive answer to this inquiry. RCTs demonstrated that incorporating personalized interventions
alongside standard care or treatment-as-usual might yield incremental benefits for chronic pain management.®®*’
However, empirical evidence regarding the effectiveness of personalized chronic pain interventions over non-
personalized approaches appears inconclusive.'*® Future well-powered randomized clinical trials and comprehensive
meta-analyses comparing personalized and non-personalized interventions are needed to establish the evidence base of
personalized nonpharmacological and noninvasive chronic pain treatment.

Moreover, there is a compelling need for a rigorous investigation into the effectiveness of various personalization
approaches in chronic pain treatment. Moving beyond what personalized interventions work to uncovering how and
when to deploy them most effectively, as well as determining the optimal intensity for each patient, is crucial for
advancing personalized chronic pain treatment. This exploration will offer valuable insights into tailoring interventions to
individual needs in various ways, thus optimizing their impact on chronic pain management. Additionally, incorporating
multiple personalization strategies may enhance individualization and flexibility in chronic pain treatment. For example,
shared decision-making can be utilized to select personalized chronic pain interventions for individual patients at the pre-
treatment stage.”’ This can be followed by routine outcome monitoring to adapt treatment approaches throughout

treatments according to patients’ evolving needs.”*

Table 2 Recommended Future Research Directions

Research Questions Recommended Research Approaches
I. How can we evaluate the effectiveness of personalized chronic la. Conducting randomized clinical trials and meta-analyses comparing
pain treatment? personalized and non-personalized approaches

Ib. Examining the effect of various personalization approaches

lc. Integrating ecological momentary assessment into outcome

measurement
2. How can we enhance the accessibility, individualization, 2a. Leveraging digital technology to capture patients’ experiences and deliver
acceptability, and effectiveness of personalized chronic pain interventions in real time and natural settings
treatment? 2b. Co-designing personalized chronic pain treatment with patients and

integrating user-centered design into the treatment development process

3. How can we increase the adoption of personalized chronic pain | 3a. Investigating multi-level factors associated with the implementation of
treatment? personalized chronic pain treatment

3b. Leveraging the lessons from behavioral economics to inform the
development of implementation strategies

3c. Assessing the cost-effectiveness of implementing personalized chronic

pain treatment
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Another promising avenue for future research lies in integrating ecological momentary assessment into outcome
measurement. Retrospective assessments, while valuable, are susceptible to recall bias and may not capture the nuanced,
dynamic nature of chronic pain experiences over time.”° In contrast, ecological momentary assessment, with its real-time
data collection, offers a more fine-grained understanding of patients’ pain experiences, coping strategies, and responses to
interventions.”®’" Future studies may explore how integrating ecological momentary assessment into outcome measure-
ment can potentially contribute to a more accurate and comprehensive evaluation of the impact of personalized chronic
pain treatment.®

Future studies may embrace digital technologies to facilitate intervention personalization. As mentioned earlier, pain
experiences (eg, pain intensity) and the use of coping strategies in patients with chronic pain can fluctuate on both daily
and momentary levels.”””" Advanced technologies, such as smartphones and wearable devices, allow for capturing the
fluctuations in a patient’s pain experiences, the use of coping strategies, and the effect of interventions through real-time
self-reports and passive data collection.”®”"*° Moreover, in contrast to the traditional weekly support provided by
evidence-based treatments like MBIs and CBT for chronic pain, technology-delivered interventions can integrate support
into patients’ daily lives. Just-in-time adaptive interventions, an example of this integration, may provide tailored types
and amounts of support to patients with chronic pain based on their contextual and internal states in real time.>**' For
instance, if a patient encounters heightened pain interference in their daily life, a smartphone-delivered, timely pain
acceptance strategy can be prompted through just-in-time adaptive interventions to help them reduce pain interference.”’
With advancements in real-time data collection and analysis techniques, just-in-time adaptive interventions and other
technology-based interventions hold significant potential to enhance the accessibility, individualization, and effectiveness
of personalized nonpharmacological and noninvasive chronic pain treatment.

It is important to involve patients as key stakeholders in designing personalized chronic pain treatments. Patients with
chronic pain often grapple with feelings of isolation and a sense of not being heard or believed within healthcare
systems.””> Co-designing personalized nonpharmacological and noninvasive chronic pain treatment with patients may not
only enhance the relevance, cultural sensitivity, and effectiveness of interventions but also promote a sense of ownership,
connection, and trust among patients. Future research endeavors can benefit from integrating methodologies such as user-
centered design into the intervention development process. Key steps in user-centered design, including identifying users
and their needs, rapidly iterating interventions based on user feedback, simplifying interventions, and aligning interven-
tions with specific contexts, have the potential to bolster patient engagement and optimize the effectiveness of
personalized nonpharmacological and noninvasive chronic pain treatment.’?

Future research endeavors may examine the factors influencing the implementation of personalized nonpharmacolo-
gical and noninvasive interventions for chronic pain. Implementation science frameworks, such as the Consolidated
Framework for Implementation Research, may provide a structured approach for systematically understanding the multi-
level factors influencing the adoption and sustainability of personalized chronic pain treatments in real-world clinical
settings.”® Future studies may explore the role of intervention complexity, patient needs, and perspectives of healthcare
providers, clinic directors, and policymakers in the implementation of personalized nonpharmacological and noninvasive
chronic pain treatment. Such efforts will ultimately inform targeted implementation strategies at different levels (eg, at
the policy level, increasing investment in integrative medicine characterized by holistic and patient-centered care).””

Principles from behavioral economics may also provide valuable insights into examining the facilitators and barriers
associated with the implementation of personalized nonpharmacological and noninvasive chronic pain treatment.’® As
discussed earlier, behavioral economics operates under the assumption that individuals have limited cognitive resources
and processing capabilities and that human decision-making is susceptible to various cognitive biases.>> Examples of
such biases include the status quo bias, wherein individuals tend to default to their current state rather than embrace
changes even when changes may be objectively better, and aversion to uncertainty, which reflects a preference for known
risks over uncertain ones. Personalized nonpharmacological and noninvasive chronic pain treatment, departing from
conventional, non-personalized approaches like opioid-centric treatments, may encounter the activation of cognitive
biases during their implementation, mirroring challenges faced by other innovations.”” Future research may leverage
lessons from behavioral economics to inform the development of implementation strategies that effectively promote the
adoption and sustainment of personalized nonpharmacological and noninvasive chronic pain treatment.”®
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Moreover, it is important to assess the cost-effectiveness of implementing personalized nonpharmacological and
noninvasive chronic pain treatment. This economic evaluation recognizes that the implementation cost of personalized
interventions may be context-specific and influenced by factors such as specific features of the interventions, the
population being served, and the broader healthcare system supporting the delivery of the interventions. As an integral
facet of implementation science, evaluating the cost-effectiveness of implementing personalized nonpharmacological and
noninvasive chronic pain treatment may provide insights into the practicality and sustainability of integrating these
interventions into routine clinical practice and guide healthcare decision-makers in resource allocation.”® Overall,
unraveling and addressing the implementation factors will be pivotal in ensuring the widespread and impactful deploy-
ment of personalized approaches for chronic pain management.

In conclusion, this paper addresses intervention personalization in general healthcare and specifically in the context of
chronic pain management. It outlines a future research roadmap, urging robust clinical trials and meta-analyses,
exploration of diverse personalization approaches, integration of ecological momentary assessment, adoption of cutting-
edge digital technologies, patient co-design, and examination of implementation factors. We hope that future studies can
advance highly personalized nonpharmacological and noninvasive chronic pain management to optimize treatment
effectiveness and minimize adverse effects by pursuing these research directions.
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