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Abstract: The primary goals of this Special Issue are to encourage readers to become more familiar
with the range of mind-body therapies and to explore their application in the pediatric clinical
setting. The Special Issue includes a deliberate mix of case studies and practical clinical guidance,
with the dual goals of piquing curiosity and providing resources for clinicians interested in pursuing
further training.

Keywords: mind-body medicine; new therapies; self-efficacy

The field of mind-body medicine holds significant promise for children and adolescents.
Growing recognition of the intricate connections between thought, emotion, and physiology highlights
the need for new therapies that leverage inner resources and offer non-invasive treatment options.
Modern imaging techniques such as functional magnetic resonance imaging (fMRI) have advanced
our understanding and appreciation of how the mind-body therapies can benefit health, increasing
confidence in their use and propelling them into the mainstream of medicine. Mind-body therapies
have special value in addressing pain, fear, and stress that accompanies many pediatric medical
encounters. Some of the mind-body therapies such as mindfulness, have their roots in ancient traditions
and are now being used routinely in the practice of pediatric integrative medicine, an emerging
field focused on preventive health that blends conventional and evidence-based complementary
therapies [1,2].

The primary goals of this Special Issue are to encourage readers to become more familiar with
the range of mind-body therapies and to explore their application in the pediatric clinical setting.
The Issue builds on the recent American Academy of Pediatrics Clinical Report: Mind-body Therapies
in Children and Adolescents, which provides background and literature updates on several of the
most commonly used mind-body therapies including biofeedback, clinical hypnosis, guided imagery,
meditation, and yoga [3]. The Special Issue includes a deliberate mix of case studies and practical
clinical guidance, with the dual goals of piquing curiosity and providing resources for clinicians
interested in pursuing further training.

A central theme of the Special Issue is the importance of enhancing self-efficacy in pediatric
patients. The mind-body therapies are unique in that mastery can occur even in the very young,
for example the use of relaxation exercises and self-hypnosis techniques in preschoolers. They are also
highly versatile and are used in a range of clinical settings, from outpatient clinic to intensive care
unit. A child who can acquire even an incremental sense of self-efficacy in a stressful environment will
build resilience and ideally gain age-appropriate perspective that can build coping skills. The use of
mind-body therapies may also facilitate emotional resilience in other venues, for example in school,
sports, or performance arts.

A corollary benefit of use of the mind-body therapies is the potential for stress reduction in the
child’s caretakers, who can experience extraordinary stress while supporting a child through a medical
experience. A third beneficiary are clinicians. The ability to provide options for treatment that are less
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invasive, cost-effective, and non-pharmacologic has potential to decrease clinician stress and hopefully
contribute to reduction of burnout prevalence.

The Issue’s contributing authors come from an impressive array of leading academic and
private practice centers and are experts in their respective fields. They include specialists in
research, infectious disease, psychology, adolescent medicine, neonatology, developmental-behavioral
pediatrics, anesthesiology, pediatric intensive care, and general pediatrics. Topics covered touch
on some of the most pressing concerns of clinicians and parents, including: childhood stress and
trauma—especially related to adverse childhood events; acute, chronic, and perioperative pain;
mental health; behavioral and developmental issues; and autoimmune illness such as inflammatory
bowel disease.

The mind-body therapies discussed here can be used alone or blended with conventional
therapies and include: mindfulness; medical yoga; technology assisted relaxation approaches such as
biofeedback; cognitive-behavioral treatment; clinical hypnosis theory and application; neonatal massage;
mind-body interventions in pediatric inflammatory bowel disease; mind-body therapies for children
with attention deficit-hyperactivity disorder; and the emerging field of immersive virtual reality in
pediatric pain patients.

For some clinicians, considering the use of mind-body therapies stretches their definition of ‘real
medicine’. This may be a result of training bias, personal experience, or insufficient familiarity with
the accruing body of research in the field. I encourage readers to peruse this Special Issue with an open
mind and, ideally, to entertain the question of not whether, but how the introduction of mind-body
therapies into practice could benefit their patients and families.

Conflicts of Interest: The author declares no conflict of interest.
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The Role of Mindfulness in Reducing the Adverse
Effects of Childhood Stress and Trauma

Robin Ortiz 1 and Erica M. Sibinga 2,*
1 Departments of Internal Medicine and Pediatrics Johns Hopkins Hospital, 1800 Orleans Street,

Baltimore, MD 21231, USA, Robin.Ortiz@jhmi.edu
2 Johns Hopkins School of Medicine, 733 North Broadway, Baltimore, MD 21205, USA
* Correspondence: esibinga@jhmi.edu

Academic Editor: Hilary McClafferty
Received: 26 January 2016; Accepted: 21 February 2017; Published: 28 February 2017

Abstract: Research suggests that many children are exposed to adverse experiences in
childhood. Such adverse childhood exposures may result in stress and trauma, which are
associated with increased morbidity and mortality into adulthood. In general populations and
trauma-exposed adults, mindfulness interventions have demonstrated reduced depression and
anxiety, reduced trauma-related symptoms, enhanced coping and mood, and improved quality of
life. Studies in children and youth also demonstrate that mindfulness interventions improve mental,
behavioral, and physical outcomes. Taken together, this research suggests that high-quality, structured
mindfulness instruction may mitigate the negative effects of stress and trauma related to adverse
childhood exposures, improving short- and long-term outcomes, and potentially reducing poor
health outcomes in adulthood. Future work is needed to optimize implementation of youth-based
mindfulness programs and to study long-term outcomes into adulthood.

Keywords: trauma; mindfulness; adverse childhood events; resilience; MBSR; mind-body; ACEs;
at-risk youth; childhood adversity; toxic stress; allostatic load

1. Introduction

The evidence continues to mount that exposure to adverse experiences during childhood has
the potential to increase morbidity and mortality both during childhood and across the lifespan into
adulthood [1]. Adverse childhood experiences (ACEs) are stressful for children, and include neglect;
physical, sexual or emotional abuse; exposure to violence, mental illness, incarceration, or substance
abuse in the family; parental absence due to divorce or separation; and low socioeconomic status.
Further, significant, traumatic, recurrent, and/or prolonged stress may have a cumulative toxic effect
on the child [2,3]. In addition to the psychological toll, stress and toxic stress effect the body through
increased allostatic load, the physiologic burden of such stress that may manifest as neuroanatomical
changes, increased levels of inflammation, and dysfunction of the hypothalamic-pituitary-adrenal
axis [4]. More recent findings are emerging suggesting that resilience, i.e., successful management of
and coping with stress, can mitigate the negative consequences of such trauma [5,6]. Findings such as
these have sparked a call to action for pediatricians to both recognize that, “many adult diseases should
be viewed as developmental disorders that begin early in life and that persistent health disparities
associated with poverty, discrimination, or maltreatment could be reduced by the alleviation of
toxic stress in childhood” and “to serve as both front-line guardians of healthy child development
and strategically positioned, community leaders to inform new science-based strategies that build
strong foundations for educational achievement, economic productivity, responsible citizenship, and
lifelong health” [2]. This is an emphatic call to work together to enhance the prevention of ACEs,
provide early and accessible interventions, and broadly expand the delivery of trauma-informed
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care. Mindfulness is an evidence-based intervention that supports these important responses to
ACEs, fundamentally enhancing self-regulation and resilience in everyday life and in the face of stress
and trauma.

This review aims to identify the benefits of mindfulness-based interventions as an approach to
mitigating the negative sequelae of childhood trauma by summarizing relevant research in adult and
pediatric populations. Additionally, the adaptations for introducing and teaching mindfulness for
children and youth will be reviewed. Finally, future directions in the research and clinical realms
related to trauma-informed mindfulness interventions will be suggested.

2. ACEs and Trauma

Research suggests that children are often exposed to significant environmental stressors and
situational adversities [7]. A Centers for Disease Control and Prevention (CDC) report from five states
in 2009 showed that 69% of respondents (n = 26,229) report at least one adverse childhood event
(ACE) with 9% experiencing up to five adversities [7]. A smaller study of children found 34% of
those screened in school report exposure to at least one trauma and evidence of post-traumatic stress
even without a current diagnosis [8]. One of the first studies of ACEs (including traumas such as
abuse, neglect, witnessing violence against mother, substance use in the home, household mental
illness, parental separation or divorce, or household member incarcerated) showed that not only do
ACEs cluster together, but there is a dose response relationship with overall health, such that larger
numbers of ACEs are associated with poorer health [1]. Other adversities associated with a risk for
exposure to trauma include low socioeconomic status and the associated lower education [9] and
risky family environments [10,11]. Such negative experiences in the absence of a protective buffer
may manifest as toxic stress, yielding an increased allostatic load to the body causing prolonged
activation of physiologic stress responses, which over time may yield poor health outcomes and
future illness [3,4,12]. For example, ACEs have been associated with biological markers of disease risk
including inflammatory cytokines, metabolic abnormalities, and epigenetic modifications [4,13,14]
(Figure 1). Remarkably, such epigenetic modifications may carry across generations, as identified in
the glucocorticoid receptor related gene FKBP5 of holocaust survivors also found in their offspring [15].
Toxic stress can result from different situations, including single stressors that are prolonged in exposure
(such as recurrent emotional abuse), multiple stressors that become toxic when aggregated (such as
low socioeconomic status), living below the poverty line and having limited educational opportunity,
and/or traumatic experiences of greater emotional intensity or severity (such as sexual abuse).

Figure 1. The impact of stress and trauma in childhood. Adverse childhood events, stress, and trauma
contribute to toxic stress. Toxic stress that results from prolonged exposure to stress, aggregated trauma
experiences, or incidents of significant emotional impact yields an increased allostatic load on the
body. Allostatic load, measured by biological markers of disease risk including inflammatory cytokines,
neurobiological changes, metabolic abnormalities, and epigenetic modifications, may carry over into
future generations.
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Specific ACEs, such as those associated with an adverse living environment limited in support
and opportunity, have been shown to be associated with negative health outcomes. Such an adverse
environment encompasses socioeconomic factors (such as household income, education of parents,
and occupational prestige of parents), and risky family environment (such as living with a household
member with a substance use disorder, mental illness or history of incarceration, living in a
chaotic or disorganized environment, or experiencing violence and lack of parental warmth) [10].
Low socioeconomic status (SES) is associated with reduced access to educational support, or parental
involvement in education [16]. Similarly, household chaos is associated with sensitive and harsh
parenting, both of which predict childhood misconduct [17]. Low SES also seems to be associated
with developmental delay (specifically, a delay in cognitive development of executive functioning
including working memory, inhibitory control, and cognitive flexibility), poor conduct, and callous
behaviors [17–19]. These lead to consequences of transition to adulthood such that lower SES and
early life stress influence both cognitive and associated neurobiological development, which are also
associated with poor health outcomes in adulthood and comorbid metabolic and cardiovascular
dysfunction [20,21]. Further, adverse living environment, may predispose to the development of
characteristics and behaviors that are risk factors for multiple comorbidities, including obesity, smoking,
and increased blood pressure trajectory, throughout adolescence into adulthood, and are further
specifically associated with metabolic dysfunction and cardiovascular disease in adulthood [10,22–24].
Risky family environments have also been associated with dysfunctional emotional processing,
mood disorders, and hypothalamic-pituitary-adrenal (HPA) axis dysfunction [25].

There is diversity in both the types of traumatic experiences that may exist in childhood
and the broad systems that may be affected. ACEs are associated with increased poor and risky
health behaviors including substance use, smoking, risky sexual activity, and sedentary lifestyle in
adulthood. ACEs also show a graded relationship with the presence of mental health disorders, adult
ischemic heart disease, cancer, chronic lung disease, skeletal fractures, and liver disease in a study of
9508 Americans in 1998 [1]. In addition, ACEs have also been associated with alcoholism [26], chronic
obstructive pulmonary disease [27], autoimmune disease [28], quality of life [29], drug use [23], risk for
intimate partner violence [30], sexually transmitted diseases [31], suicide attempts [32], maladjustment
and misconduct in and outside of school, as well as risk for incarceration [33,34]. Importantly, many of
these conditions begin early in childhood and are reversible or preventable by mitigating risk factors.

Studies have also identified associations between childhood adversity and trauma and specific
adult diagnoses including fibromyalgia [35], migraine [36], irritable bowel syndrome [37], insomnia
and insufficient sleep [38], cancer [39], cognitive function in mental health disorders [40], as well
as learning and behavior problems and obesity in youth [41] and adolescent pregnancy and fetal
death [42]. Collectively, this research suggests the significant and pervasive negative impact of
childhood ACEs and trauma on short- and long-term health outcomes, and therefore, the necessity
and opportunity to prevent and intervene on ACEs, and to provide trauma-informed services broadly
to offset the negative consequences in children, the adults they will become, and possibly even
future generations.

3. Mindfulness

Mindfulness has origins as a Buddhist concept increased through meditation that has been cultivated
into a Western practice of present-focused, non-judgmental awareness [43]. Mindfulness instruction has
also been offered through structured training programs such as that developed by Jon Kabat-Zinn in 1979
to enhance non-judgmental attention to the experience of the present moment, entitled Mindfulness Based
Stress Reduction (MBSR) [43]. The MBSR program has been shown to increase self-reported mindfulness
among participants [44,45]. However, all individuals have the capacity for mindfulness, i.e., non-reactivity,
awareness, focus, attention, and nonjudgment [45], though there is variability in the amount and quality of
mindfulness among individuals. Therefore, both structured MBSR and unstructured mindfulness practices
outside of the MBSR model, may enhance the beneficial characteristics associated with mindfulness.
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Structured mindfulness training is available through Kabat-Zinn’s MBSR, which typically
consists of eight weekly two-and-a-half-hour classes and a full-day retreat, in which participants
learn a variety of formal and informal mindfulness practices, learn and discuss the mind-body
connection, and have group discussions regarding the challenges to integrating mindfulness into
one’s life. For particular populations, other programs have been adapted from MBSR, such as
Mindfulness-Based Cognitive Therapy (MBCT), shown to be effective in reducing depression
recurrences, and one focused on addiction triggers, Mindfulness Based Relapse Prevention (MBRP) [46,
47]. Unstandardized mindfulness may also be offered in other formats such as aspects of educational
sessions, art therapy, group therapy, yoga, or other mind-body interventions. Though this review will
focus on standardized MBSR and MBSR-related programs to highlight evidence for their practice,
there will be brief discussion of the practice and implications of other mindfulness delivery methods.

3.1. Mindfulness in Trauma

Mindfulness instruction has been shown to benefit individuals with a known trauma or ACE.
Mindfulness may do this by both an indirect effect of negating the acute response to trauma and
stress, but also by inhibiting underlying consequences of chronic exposure to stress and trauma
such as psychiatric, metabolic and cardiovascular disease through the influence on lifestyle choices,
underlying biochemistry and neurobiology (Figure 2). In 50 women exposed to trauma including
witnessing family violence, experiencing childhood physical or sexual abuse, or sudden loss of a
loved one, an 8-week MBSR program was associated with decreased symptoms of stress and trauma
exposure including perceived stress, depression, trait and state anxiety, emotion dysregulation, and
posttraumatic stress symptoms [48]. Additionally, 27 female survivors of sexual abuse in childhood,
experienced significantly reduced symptoms of depression, posttraumatic stress disorder (PTSD),
and anxiety after an 8-week MBSR intervention [49]. This beneficial effect continued at follow-up 2.5
years later [50], which highlights that mindfulness may have an effect on the formation of related
psychiatric comorbidities. This was demonstrated in two populations at risk for high rates of trauma
and/or ACEs and related psychiatric disease. In a group of incarcerated women (n = 33) improvements
in perceived stress, anxiety and depression were seen with a 12-week mindfulness intervention [51].
In a small qualitative study of a population of survivors (n = 12) of political violence, when mindfulness
was combined with art therapy in a unique 4-day intensive program, themes of resilience emerged [52].

Research also suggests a role for mindfulness to mitigate consequences of toxic stress,
by identifying benefit in individuals exposed to high stress environments by both enhancing long-term
coping, and influencing the related physiologic effects of stress on the HPA axis. Klatt et al. studied
intensive care unit workers finding that a mindfulness intervention was linked to increased
resilience [53]. In active duty military personnel preparing for deployment, mindfulness was shown
to mitigate the response to stressful experience [54], which suggests that it may both reduce current
stress experience and predispose to enhanced coping prior to stress exposure. However, mindfulness,
additionally, has lasting effects beyond exposure to prolonged stress as demonstrated by numerous
studies in veteran populations and those exposed to war and bereavement. Veterans (n = 58) who
participated in an 8-week long mindfulness intervention including a day long retreat, saw clinically
significant improvements in their Post Traumatic Stress Disorder (PTSD) symptoms up to 17 weeks
afterward, and another study suggests a shorter duration (n = 62, 4-session program) intervention may
also decrease PTSD symptoms though only studied up to 8-weeks post [55,56]. The same group found
that mindfulness also decreased cortisol levels in the veterans [57]. To suggest that this may be a global
effect, other studies have supported these similar findings. A study that used mindfulness through
mantra based meditation also showed decreased PTSD symptoms in veterans [58]. In one of the largest
mindfulness studies of the veteran population, a mediation program that elicited mindfulness as an
outcome, also reduced PTSD symptoms in 391 veterans in a uniquely implemented Department of
Veteran Affairs meditation program through six medical centers [59]. In veterans with mental health
comorbidities mindfulness improved sleep quality [60].
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These underlying influences of mindfulness may mitigate mental health outcomes,
enhance quality of life, and reduce somatic symptoms. A short 4-session intervention incorporating
mindfulness in the mind-body approach, modestly increased resilience and also decreased depressive
and anxiety symptoms and perceived stress in veterans though only assessed post-intervention [61].
These effects translate to improvements in quality of life [62] with a reduction in somatic symptoms
including dizziness, fatigue and tension in addition to depressive symptoms as shown in veterans with
PTSD [63]. Undergraduates ages 18–36, who participated in a mindfulness activity interrelated with
expressive writing exercises about a past stress or trauma demonstrated decreased physical symptoms,
poor sleep, and negative affect; with beneficial findings apparently linked to the mindfulness
component, given expressive writing alone was not predictive of improvement [64]. Mindfulness is
also inversely associated with functional disability in Iraq and Afghanistan war veterans (n = 115) [65],
and with PTSD in a trauma exposed Iranian population (n = 1708) [66]. It may also offer protection in
burn-out and compassion fatigue, such as in a study of traumatic bereavement workers [67].

Figure 2. The negative impact of adverse childhood events (ACEs) and trauma in childhood
is reduced by mindfulness (MFN). Mindfulness has been shown to mitigate the psychological,
behavioral, and physiological changes associated with ACEs and trauma and increased allostatic
load. MFN, specifically, reduces symptoms of depression and posttraumatic stress disorder (PTSD)
associated with stress and trauma, and is inversely associated with poor health behavior and
biological makers of metabolic, neurologic, and inflammatory dysfunction and disease. Stress has
been demonstrated to be associated with epigenetic modifications that may persist in offspring;
therefore, mindfulness interventions may reduce these negative influences.

Further, research has shown that these beneficial effects of mindfulness may be generalizable
to healthy populations, regardless of known exposure to stress and trauma. In large meta-analyses,
mindfulness was shown to reduce stress in healthy adult individuals [68] and to reduce anxiety,
depression, and pain in diverse clinical populations [69]. Mindfulness is inversely related to anxiety,
experiential avoidance, distress and uncertainty, external stimulus reactivity (poorer executive control),
and persistence of negative affect [70,71]. Mindfulness programs can improve coping and resiliency
in specific conditions including quality of life in patients with multiple sclerosis [72], depression and
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anxiety in patients with cancer [73], and specifically in trauma-exposed individuals with human
immunodeficiency virus (HIV), can reduce PTSD symptoms [74].

Importantly, the beneficial effects of mindfulness on psychological and somatic symptoms
and foundations for disease extend beyond negating the psychological impact of stress and may
influence physiologic dysfunction (Figure 2). In general, mindfulness has been modestly associated
with alterations in markers of inflammation, cell-mediated immunity, and biological aging [75].
Specifically, in women with interpersonal trauma (n = 50), not only were their psychological
symptoms improved, as discussed above, but their inflammatory cytokine, interleukin-6 (IL-6) levels
decreased [48]. Mindfulness has neurobiological modification potential as demonstrated by enhanced
resting state functional connectivity as well as executive control via the dorsolateral prefrontal
cortex, both coinciding with decreased levels of peripheral IL-6 levels [76]. Such biomarkers may be
modulated by epigenetic changes through, histone-modifying enzymes also found to be associated
with mindfulness interventions [77]. These neurobiological changes may represent modifications that
can influence behavior and disease risk factors in adults and possibly the predisposition to disease in
children, especially those at higher risk when exposed to stress, trauma, and/or toxic stress.

Though children may be exposed to different types of trauma then adults, these studies collectively
suggest that mindfulness may serve to buffer the effects of stress and trauma in children and
into adulthood.

3.2. Mindfulness in Youth

Recent mindfulness studies in youth, specifically in populations with known trauma exposure
or populations at high risk for ACEs suggest promise in improving a variety of outcomes, including
mental health symptoms, behavior and quality of life, and coping (Table 1). In one randomized
control trial (RCT) of a population of urban youth in a low-income environment, middle-school age
male children (n = 41) underwent a 12-week school-based mindfulness intervention that resulted in
decreased negative coping [78]. The group additionally yielded decreases in anxiety and rumination
and possibly school related stress response as suggested by a flatter cortisol curve over the course
of the study (three months) and school term compared to the attention, social experience and time
matched control, health education group. A larger RCT in two urban public middle schools (n = 300)
showed that the 12-week, school-based MBSR program led to reduced depression, self-hostility,
negative affect, negative coping, rumination, somatization, and post-trauma stress symptoms [79].
Additionally, one study of mindfulness in youth in foster care, ages 14–21 (n = 42), showed a trend
toward post-intervention changes in state anxiety, qualitative gains in-group effectiveness in social
gains, and coping with stress was observed [80].

These studies with foster care youth and in urban low-resourced areas likely represent children
affected by or at risk for on-going stresses, and/or trauma [78–82], especially illustrated by the
reduction in post-stress trauma symptoms in the MBSR arm. Other studies also support the promising
hypothesis that mindfulness may offer coping skills, emotional processing and resilience. Many of
these studies are done in the school environment. In a RCT of 522 children ages 12–16, the mindfulness
arm post-intervention outcomes included lower stress, greater well-being, and fewer depressive
symptoms [83]. It is important to note that the control group in this study was a usual school
curriculum and did not control for peer experience, attention, or time. In a study of 101 sixth
grade children, a 6-week mindfulness curriculum decreased suicidal ideation and self-harm [84]
compared to a matched experiential activity control group. Though this study did not show an
effect on internalizing or externalizing problems, others have demonstrated it to improve classroom
behavior, and attention [85,86] (Table 1). Mindfulness may also offset the psychiatric comorbidities
accompanied by traumatic experiences that impact the lives of youth in and outside of the classroom.
Biegel and colleagues showed that 104 adolescents ages 14–18 benefited with improved state anxiety,
sleep, stress, self-esteem, psychiatric symptoms (such as somatization and hostility) and global
assessment functioning [87].
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Though mindfulness has been demonstrated to be beneficial across a variety of domains when
taught directly to youth, it may also influence youth outcomes when those surround them learn
mindfulness, such as teachers and parents [88]. A study by Singh and colleagues demonstrated that an
intervention administered to preschool teachers resulted in decreases in difficult behaviors, decreases in
negative interactions, and an increase in compliance among students [89]. Similarly, Jennings and
colleagues observed that mindfulness training improved teacher well-being and characteristics of
impactful teaching including improved efficacy, and reduced stress (n = 35) [90].

Resilience in children may also arise through mindful parenting. Less parenting stress, increased
parental warmth, and increased parental attention to their children may also contribute to buffering
against the poor health outcomes associated with ACEs [10,91]. Given the number of studies
that suggest mindfulness may reduce parental dismissal of their children, mindful parenting may
also contribute to resilience against trauma [92]. Mindfulness in parents was associated with each
individual’s positive perspective on quality of the relationship in black families of stepparents and
their child [93]. Mindfulness in parents also may be protective against poor psychobehavioral
outcomes in children as has been demonstrated by an inverse association between internalizing
and externalizing problems in youth across multiple age groups (young childhood, middle childhood,
and adolescence, n = 215) [94]. Mindful parenting interventions may improve parent-child relationship
qualities [94], but there is mixed evidence regarding the effectiveness of mindful parenting in general
depending on the outcomes of interest [92]. However, one study specifically showed benefit that may
be extrapolated to relate to parenting children exposed to ACEs. Parents in inner-city methadone
programs demonstrated reduced ratings on the Child Abuse Potential Inventory indicating lower
potential for physical abuse [95], and therefore show promise to reducing the sequelae of ACEs.

Table 1. Beneficial outcomes seen in research of mindfulness programs for children and youth.

Outcome Reference

Decreased anxiety Sibinga et al., 2013 [78]
Jee et al., 2015 [80]

Decreased rumination Sibinga et al., 2013 [78]

Decreased school related stress, coping with stress Sibinga et al., 2013 [78]
Jee et al., 2015 [80]

Flatter cortisol curve Sibinga et al., 2013 [78]

Lower levels of somatization
Sibinga et al., 2016 [79]
Biegel et al., 2009 [87]

Decreased depressive symptoms Sibinga et al., 2016 [79]
Kuyken et al., 2013 [83]

Effectiveness in social gains Jee et al., 2015 [80]

Classroom behavior
Black et al., 2015 [86]

van de Weijer-Bergsma et al., 2012 [85]

Decreased hostility Biegel et al., 2009 [87]
Sibinga et al., 2016 [79]

Decreased suicidal ideation Britton et al., 2014 [84]

Decreased self-harm Britton et al., 2014 [84]

Reduced child abuse potential by parents Dawe and Harnett, 2007 [95]

Conflict avoidance Sibinga et al., 2014 [81]

Improved attention van de Weijer-Bergsma et al., 2012 [85]

Greater well-being Kuyken et al., 2013 [83]

Decreased post traumatic symptoms severity Sibinga et al., 2016 [79]
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In summary, high-quality structured mindfulness programs for youth show promise by reducing
mood and emotion dysregulation (decrease depressive, self-hostility, PTSD, anxiety and negative affect
symptoms), negative-coping with stress, and improved school adaptation (classroom behavior and
discipline, social and academic competence), and attention, mitigating negative effects and potential
exacerbations of ACEs. Mindfulness has also been shown to benefit those important to youth, including
parents and teachers.

3.3. Resilience and Mindfulness

In order to understand how the practice of mindfulness might be offered as an intervention
mitigating the relationship between childhood trauma and health outcomes, one must appreciate the
contribution of mindfulness to enhancing resiliency [6]. Resilience is buffering, through successful
coping, against adverse outcomes after exposure to traumatic experiences. Conceptually, the lack of
resilience may predispose to conditions like PTSD and further unfavorable health consequences as
seen in those who experience trauma. In an adult urban inner-city population resilience was found
to be inversely associated with symptoms of PTSD [5] and depression, but childhood trauma was
positively associated with the presence of PTSD and depression symptoms [96]. Further, there may be
neurobiological underpinnings to the buffering effect of resilience on ACEs. Though ACEs have been
associated with neurocognitive impairment, trait resilience is associated with better neurocognitive
skills such as non-verbal memory [20,21,97]. Importantly, a limitation to exploring this concept is
the assessment of resilience, which in research investigations is done by collecting data on related
concepts such as perseverance and self-confidence as assessed by the Connor-Davidson-Resilience
Scale (CD-RISC) questionnaire, or other concepts measures like coping, social support, emotional
and behavioral reactivity, and compassion [98,99]. Nonetheless, enhancing these important domains
through mindfulness may serve collectively or independently as buffers against trauma.

Mindfulness may increase resilience in those who have experienced trauma, because it offers
an alternative to the common psychological dissociation that occurs after trauma, which can prevent
healthy processing or coping [100]. The mindfulness characteristics of accepting without judgment,
and acting with awareness are inversely associated with PTSD symptoms [101]. This is likely due to
the mindfulness teaching of non-judgmental acceptance of painful and unpleasant thoughts, as well as
feelings and practice of decreased reactivity to them [102]. In a cross-sectional study of 125 individuals
with substance dependence and a history of trauma, the characteristic of mindfulness was inversely
associated with thought suppression, which may represent a form of dissociation and which was
strongly associated with PTSD symptoms [103]. Accordingly, trait mindfulness was also associated
with decreased cravings.

4. Mindfulness Program Considerations

4.1. Mindfulness Practice and Instructor Training

Mindfulness instruction as a practice has taken on many forms, but MBSR is structured as a 26-h
(eight 2.5 h sessions with 1 full day) involving mindful exercises, such as body-scans, mindful breathing,
and yoga with meditation instruction, group discussions and encouragement of home practice [43,104].
However, some programs have found effect with as few as 12-h of instruction, with no clear association
between hours of instruction and effect size of post-MBSR effects, but studies are varied and limited
in their duration of effect [105]. Britton et al. implemented a 15-min daily 6-week course in children,
and Kalmanowitz et al. demonstrated that even a 4-day long intensive program in adults demonstrated
benefit [52,84].

There is no centralized credentialing required for teaching mindfulness. While there are
certificate programs to become an MBSR instructor [106], many programs have branched off
from Jon Kabat-Zinn’s original model and even studies of mindfulness interventions vary in the
qualifications of those implementing instruction to subjects. It is a further challenge to find practitioners
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that have completed both MBSR and trauma-informed training, and still further, rarely so with specific
qualifications to work with youth. Importantly, even trauma therapists who offer mindfulness in
practice, have varying degrees of self-practice that may impact their level of involvement [107].

There have been attempts at unique modifications to programming for children or those with
special focused needs (Tables 2 and 3). Some studies have specifically involved instructors who have
had years of experience specifically with children [78–82]. One study partnered a mental health
therapist with adolescents in the community to co-facilitate a mindfulness meditation practice,
though the study does not comment on the level of experience of the mental health therapist
with mindfulness [108]. For mindfulness training implementation in schools, many programs have
branched from the classic MBSR program as described by Meiklejohn et al., 2012 [109]. For example,
The Mindfulness in Schools Project (UK based), based on MBSR, is one that has been studied with
successful outcomes including fewer depressive symptoms in adolescents, and the Mindful Schools
(US based) improved teacher-based perceptions of classroom behavior in a 6th grade public elementary
school children [110,111]. Many similar programs to The Mindfulness in Schools Project and Mindful
Schools, as seen in Table 3, share in their methodology that mindfulness trained individuals lead
practices in the school environment and also educate teachers to lead students [109].

Though many studies have administered mindfulness interventions to teachers, showing benefits
for teaching work-environment and temperament [88], none have assessed associated student
outcomes directly as a result of the teachers training in isolation. However, the training of teachers
is a promising approach to improved classroom outcomes. One study cited by Gouda et al., 2016,
showed that schoolteachers (n = 82) had self-reported improvements in mood as well as measures
of improved emotional regulation (decreased reactivity, increased compassion) as compared to
controls, though the subjects were all female [112], and another showing decreased distress [113].
A smaller study (n = 15) with similar outcome measures also suggested reduction in burnout [114].
Based on such studies, programs have launched to improve classroom learning environments
such as the “Cultivating Awareness and Resilience in Education” Program [90]. Since, a larger
combined RCT recently showed improvements in schoolteacher sleep and work satisfaction and
decreased bad mood, but this was of a workplace mindfulness training not specific to educational
environments [115]. Though only one small case study in preschool students showed decrease
in negative social interactions [89], taken with the teacher trials, these studies suggest that it may
be worth considering that future studies assess the effects and consider if training teachers alone
may impact resiliency against ACEs. Therefore, perhaps implementation of programming for both
students and teachers is ideal, as found by Gouda et al., 2016 in that both students and teachers
showed improvement in interpersonal problems, and affect, whereas students also showed improved
school-specific self-efficacy by specific developed self-assessment questionnaires [88]. It is important
to keep in mind that lack of benefit of mindfulness in schools programs can be due to lack of teacher
experience [116].

Even outside of the school, teacher-led environment, children are never cared for in isolation.
It may be beneficial to consider methodology of mindfulness implementation that addresses their
caretakers. Given that mindful parenting yields reduced parental stress, with increased parental
warmth toward their children [10,91], suggests that mindful parenting training should also be
included in interventions for youth. However, many caretakers are involved in influencing children.
As examples, one intervention partnered therapists with peer instructors, and another allowed time for
individualized intervention for youth (average age 11.5 years) and their parents, then partnered them
for family intervention [88,108,117]. The intervention to strengthen families (n = 9) involved seven 2-h
sessions with the first hour individualized between youth and their parents and the second hour for
family training. It also allowed time for mindful parenting training with teaching and practice exercises
on being mindful (attentive, reducing emotional reactivity, being less judgmental) [117], demonstrating
how a holistic approach including caretakers, parents and children may be implemented.
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Table 3. Examples of structured mindfulness programs for children.

Program Title Website

Inner Resilience Program http://www.innerresilience-tidescenter.org/
Wellness and Resilience Program http://sbsd.schoolfusion.us/modules/cms/pages.phtml?pageid=195404&SID

Mindful Schools www.mindfulschools.org
Learning to Breathe www.learning2breathe.org

Mindfulness in Schools Project (“.b”,
or “Stop and Be!” curriculum) www.mindfulnessinschools.org

Still Quiet Place www.stillquietplace.com
Stressed Teens www.stressedteens.com

Wellness Works in Schools www.wellnessworksinschools.com
Center for Mindful Awareness www.centerformindfulawareness.org

The type and location of intervention taught varies tremendously in the literature. As discussed
and seen in Table 2, many interventions are integrated directly into school curriculum [88], but also have
been offered as extracurricular, in the clinic setting (primary care and specialty), during incarceration,
and to parents [81,82,85,87,95,108,119]. Some offer mindfulness only as an addition to a structured and
detailed training program with other included skillsets including cognitive therapy, behavioral therapy,
resilience training for healthy behaviors, and meditation [6,108,119,120]. There is no study to date
that has compared settings, but variation may be dependent on population and outcome of interest.
For example, if targeting improvements in mood dysfunction, this has been seen across settings
by various different outcome measures for PTSD, depression and anxiety. Attention and behavior
outcomes are more commonly measures in studies of school-based interventions, though importantly,
there is no evidence that interventions outside of school would not produce effects in the school
environment. Given the broad exposure to traumas and ACEs, and the generalizable benefits of
mindfulness, mindfulness programs offered through school and/or primary care sites may be most
suited to reaching the broadest population of children.

The methods of mindfulness implementation may vary given the diversity of existing academic
curricula and environments for youth. Generally, schools offer the most appropriate environment
to reach a broad spectrum of children across developmental stages, diagnoses, and socioeconomic
circumstances, as well as stressor exposure [116]. Incorporation of mindfulness practice directly into
the school curriculum addresses the suggestion of the school environment as a means to reach broad
categories of children [78,79,81,86,88]. Examples of broad reaching implementations were postulated
by Britton et al. who allotted half a semester on a course to mindfulness with the second half preserved
for other curriculum and a mid-year switch of groups, or by Johnstone et al., who proposes to complete
a study with a 2-semester health class incorporating eight weeks of mindfulness into the class [84,121].
Kuyken et al. replaced studies in either religious studies or personal, social and health education,
offering the idea that perhaps mindfulness could be offered as an elective course in the curriculum [83].

Though the school environment offers a promising delivery format for teaching mindfulness,
other methods have been suggested. Home practice is one such model and may offer shorter study
formats requiring as little as 5 min [122]. Some formats have even bridged home study with one-on-one
in home training [95]. Clinic groups if advertised as a ‘social’ group rather than a ‘stress management’
group may pose another potential format [80]. To enhance participation regardless of the format studies
have implemented facilitating transportation to class, reminder phone calls, and providing snacks, for
example [123]. Other organizations are implementing mindfulness into women and children’s shelters
and community centers [124].

In school, home and clinic environments, a generalized training in mindfulness allows for
broad population applicability, but individualized programs also may be helpful in certain specified
populations. An example of individualization of mindfulness intervention methodology for a unique
trauma exposed population was accomplished by a program that identified reactivity as a problem
in incarcerated individuals and tailored the program “S.T.I.C”. S.T.I.C. involves the following steps:
stop, take a breath, imagine, and choose, allowing the mindfulness and attention to be directed at
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consequences and redirection of choices [119]. Though S.T.I.C. was individualized by targeting a
specific population, personalization can also be accomplished in school or clinic settings by narrowing
the target population such as by diagnosis or age. For example, one study clustered female students
with any eating disorder history into a mindfulness program finding improved psychosocial outcomes
relative to control by six months post-intervention [120]. Grouping by diagnosis has also been
beneficial in the diagnoses of attention-deficit/hyperactivity disorder (ADHD), HIV, or psychiatric
conditions [82,85,87], with incorporation of mindfulness into existing therapeutic interventions like
cognitive or rehabilitation therapy, MBCT or MBRP, specifically. The RAP Club was offered exclusively
to 7th and 8th grade students and catered to adolescent specific life challenges in the program
design [108], whereas others incorporated simplistic terminology that can be applied to younger
and older students such as, “FOFBOC: Feet on the floor and bum on chair”, and “Beditation” referring
to a body scan done while lying down [116]. Finally, mindfulness technique has been applied
in combination with other therapies including sound and music, touch, walking, daily routines,
and even “mindful texting” to allow for the inclusion of mindfulness in regular activities with the
idea of “checking in” with the self as much as possible throughout the day [125]. For translating
concepts of mindfulness to children, metaphors can be helpful and many children’s books are available
including those authored by Thich Nhat Hahn, a Buddhist monk who has helped bring the practice of
mindfulness to western society with John Kabat-Zinn [126].

4.2. Trauma-Informed Care

Per the Substance Abuse and Mental Health Services Administration (SAMHSA) a program
that is trauma-informed realizes trauma prevalence and its common adverse effects, recognizes
signs and symptoms of trauma, responds with standard operating procedures, and seeks to
resist re-traumatization. SAMHSA provides various examples of well-known trauma-informed
intervention programs and they all include general principals of safety, connection and trustworthiness,
collaboration, empowerment, and current and historical societal and cultural competency [127].
Formal mindfulness instructor training incorporates a number of these elements and lays the
foundation for mindfulness as a trauma-informed care (TIC) practice.

In trauma-informed care, an intervention may be primary (preventive), secondary (reduction of
severity and acuity of consequences), or tertiary (treatment of long-term sequelae) [128]. Though it
is important for clinicians involved in intervention administration to be cognizant of the above
principals of TIC, this does not necessarily mean that the specific stressors or traumas need to be
identified for mindfulness to have a beneficial effect, though this has not specifically studied. There is
a high prevalence of stress and trauma, with up to 34% of children in school reporting exposure
to at least one trauma and evidence of post-traumatic stress even without a current diagnosis [8].
Further, it is known that abuse and trauma is underreported [129] and poorly recalled [130]. Even when
reported, child memory of trauma can include intrusions or inaccurate recall [131], and symptoms of
PTSD are often poorly recognized by parents [132]. In studies assessing previous trauma, methods
of quantification vary widely from general indication of trauma domain to specifics of traumatic
event(s). Further, PTSD may mask itself through generalized somatic complaints in children including
trouble sleeping, low energy, stomach pain, dizziness, and headaches [133]. Taken together, these
studies suggest that one cannot rely on always and accurately identifying the presence of traumatic
experience in children. Yet, mindfulness may have an impact in children whether they report a
trauma exposure, or not. Trait mindfulness is associated with resilience in face of adverse events,
and is associated with strong cognitive abilities, and mindfulness interventions can reduce somatic
manifestations of psychiatric undertones [6,70,71,87,134,135]. In populations with high likelihood of
ACEs, such as low-income urban areas, school-based mindfulness instruction provided to all students
(primary prevention) has been shown to improve psychological symptoms and coping and to reduce
post-trauma stress symptoms [79]. Therefore, mindfulness interventions that lead to enhanced coping
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and resilience can be beneficial when offered to all children regardless of specific identification of
trauma exposure.

5. Conclusions and Future Directions

In conclusion, research has demonstrated that high-quality, structured mindfulness interventions
improve mental, behavioral, and physical outcomes in youth. Further, these results in combination
with the well-studied interventions in adults suggest promise in preventing the poor health
outcomes associated with trauma exposure in childhood. Future work should aim to optimize the
implementation of high-quality mindfulness programs in youth populations. Further research should
explore the mechanisms of mindfulness and the long-term outcomes of mindfulness interventions in
childhood into adulthood, as well as outcomes in offspring.

Conflicts of Interest: The authors declare no conflict of interest.
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Abstract: Increasing numbers of licensed health professionals who care for children have been trained
in clinical hypnosis. The evidence base for the safety and efficacy of this therapeutic approach in a wide
variety of conditions is also growing. Pediatricians and other health professionals who have received
training may wish to apply these skills in appropriate clinical scenarios but still may be unsure of the
practical matters of how to incorporate this skill-set into day to day practice. Moreover, the practical
application of such skills will take very different forms depending on the practice setting, types of
acute or chronic conditions, patient and family preferences, and the developmental stages of the
child or teen. This article reviews the application of pediatric clinical hypnosis skills by describing
the use of hypnotic language outside of formal trance induction, by describing natural trance states
that occur in children and teens in healthcare settings, and by describing the process of planning a
clinical hypnosis encounter. It is assumed that this article does not constitute training in hypnosis or
qualify its readers for the application of such skills; rather, it may serve as a practical guide for those
professionals who have been so trained, and may serve to inform other professionals what to expect
when referring a patient for hypnotherapy. The reader is referred to specific training opportunities
and organizations.

Keywords: hypnosis; pediatric hypnosis; pediatric skills development; self-hypnosis; primary care;
therapeutic use of language; hypnosis consult; practice style

1. Introduction

Though called by different names, there has been interest in the concept of clinical hypnosis
by health professionals caring for children at least as far into Western history as the 18th century.
This has been reviewed briefly by Kohen and Kaiser [1] and in more detail in Kohen and Olness’
Hypnosis and Hypnotherapy in Children [2]. Since the 1960s, there has been a rapid expansion
of dissemination of knowledge in the field, numbers of professionals receiving training and
certification, and the development of a specifically pediatric curriculum. Since 1987, annual pediatric
training workshops have been offered, initially under the auspices of the Society for Developmental
and Behavioral Pediatrics, and since 2010 by the National Pediatric Hypnosis Training Institute,
both American organizations. In Germany, the Kindertagung (the largest child hypnosis congress in the
world) has been held periodically since 1990, with thousands of participants and an international faculty.
There are excellent textbooks in the field, including Hypnosis and Hypnotherapy in Children [2],
and Therapeutic Hypnosis with Children and Adolescents [3]. The American Journal of Clinical
Hypnosis has published special issues on pediatric specific themes [4]. However, despite increasingly
rich training and education resources, the number of licensed health professionals regularly utilizing
hypnosis in practice is relatively small compared, say, to other similar skill sets such as active listening,
motivational interviewing, or mindfulness training for example. Even after training, a practitioner may
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face the difficulty of local access to mentoring or modeling of the practical matters of incorporating
hypnosis into pediatric clinical encounters. While not a substitute for training, this article will review
some of those matters of practical application, the use of language, and may demystify the hypnosis
referral process for other professionals.

2. Utilizing and Planning

A clinician who wishes to be purposeful in utilizing hypnosis in clinical encounters can begin
by simply noticing the number of ways that children demonstrate spontaneous trance, or display
behaviors that may be interpreted or understood as spontaneous self-hypnosis skills. While these are
not quite conscious or intentional, they are nonetheless common in the context of everyday clinical
encounters [5]. These quite natural states may take the form of imaginative language or play during
a clinical encounter, intense focus or concentration on an activity, game, book, or puzzle, intense
(and even fearful) focus on a physical sensation or injury, or distracted daydreaming that serves the
purpose of adaptive dissociation for the child in an otherwise unpleasant situation. The fact that
natural trance states occur so frequently in children in healthcare settings leads to the inescapable
conclusion that all clinicians, whether trained in hypnosis or not, must be very careful with word
choices around children. During any trance state, a person is much more likely to accept a suggestion
as true (and act upon it); even unintentional suggestions or developmentally misinterpreted statements
may have a larger than expected impact on a child [6]. For example, a clinician attempting humor with
a 5-year-old with a wrist fracture may say something like “it’s OK, you won’t miss using that arm for
a while . . . .” While an adult would be able to process such language as jest, a child in the trance of
pain and injury may hear those words as suggestions for disuse or loss of the arm. Both children and
adults interpret suggestions made during a trance state very literally and concretely. The concept of
“trance logic” implies that during trance, a person may have very limited reality testing and would
likely accept and act upon whatever suggestion is offered [7]. A natural trance state may be generated
by a variety of healthcare encounters, such as an illness visit, awaiting an immunization, pre-operative
preparation, or hearing an interpretation of lab tests or radiology results. Clinicians in these settings
must think carefully about their choice of words and the effect of unintentional suggestions.

Conversely, natural trance states give clinicians the opportunity to decide when and how to utilize
the child’s demonstrated strengths by the purposeful use of language to build positive expectancy
and positive outcomes. Thoughtful use of hypnotic language includes choice of words, tone of
voice, and reflective listening. The decision to utilize the child’s own natural self-hypnosis may be
implemented immediately (e.g. “I’m impressed by how you are helping yourself right now” for a child
with Tourette’s who is not having tics in the office), or implemented later when appropriate in the
conversation (e.g., “remember a few minutes ago when you were enjoying your new book? Did you
know you can do that while the nurse is giving you medicine in your arm so it doesn’t have to bother
you so much?”).

Natural trance states in children can be understood as the child’s spontaneous and subconscious
attempt to organize their experiences (especially novel and perhaps frightening experiences) and
make new connections in four areas of self-regulation: cognitive, affective/emotional, physiologic,
and behavioral. When clinicians are attentive and prepared, they can notice and then facilitate the
child’s nascent self-regulatory capacity by “being hypnotic” in a clinical conversation. For example,
an observant clinician dealing with a child with a delayed sleep onset disorder may be watching for
a child’s attempts at emotional self-regulation and learning about how the child might self-soothe
from anxiety symptoms. Based on moment-to-moment observation of the child, the clinical interview
might include something like “I notice you took a nice deep breath just now . . . I wonder why/how
your brain chose right now to do that?” Or to access the child’s ability for physiologic self-regulation,
a clinician could ask “what have you done in the past to help that tummy feel better when stress or
worry had made it uncomfortable?” This approach is quite different from one that would take a clinical
history, view all of that as devoid of trance or hypnotic phenomena, and then verbally move into a new
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section of the appointment understood or even labeled as “doing hypnosis.” The concept of utilizing
children’s trance as a way of enhancing self-regulatory skills has been expertly reviewed by Kaiser [8].

This approach to enhancing children’s self-regulatory capacity by utilizing hypnotic language
without “doing hypnosis” can be characterized as noticing and cultivating the natural hypnotic state,
or “using the hypnosis” in the encounter. It usually occurs in the context of taking a clinical history.
But the history taking process can and should be more of a conversation than a question and answer
checklist, in which clinical questions and open-ended reflection are designed to help the child begin
to reframe their experiences, expand their cognitive capacity by attaching new labels to experience,
and expand their emotional fluency and self-awareness. The clinician can be extremely helpful to
children and teens by simply using reflective listening skills to enhance self-awareness, knowing that
self-awareness is a foundational first step to self-regulation. For example, a child may present to the
medical office with both chronic abdominal pain and separation anxiety, but has never comprehended
the connection between the two. The clinical conversation helps the child to make sense of his or her
disconnected experiences and understand that they are not separate phenomena. Because of curiosity
and novelty, this conversation is often hypnotic, but is not “doing hypnosis” in the sense that there
is a formal sequence of invitation, induction or any script. It is important in this type of clinical
conversation for the clinician to provide observations of the co-incidence of phenomena in the child’s
life, but in the end each patient must make the connections for themselves by responding to questions
like “tell me what you make of that . . . .”

Complementary to the concept of utilizing natural trance states, it is equally important for
clinicians to be deliberate in planning or designing hypnotic encounters, especially before entering a
consult in which the reason for the appointment is already known. This implies intentional planning,
a carefully crafted encounter with a patient that is more likely to have been thought out ahead of
time, reviewing a clinical history that is (mostly) known and planning the structure and content of
an appointment, including the type of induction and the metaphors/suggestions that would be most
appropriate based on the clinical history. It may be helpful for the clinician to outline in writing some
expected steps of the appointment, following a predicted sequence: interim history, today’s therapeutic
goals, induction technique, intensification strategy, suggestions/metaphors, post-hypnotic suggestions,
alerting and ratification, and follow-up plan. It involves giving therapeutic, specific suggestions related
to specific goals for that particular clinical encounter. (Induction and intensification techniques and
the specific use of hypnotic suggestion and therapeutic metaphor are beyond the scope of this article.)
Thoughtful planning of each of the expected steps of the appointment can make a positive outcome
more likely. Still, even when carefully planned and conceived ahead of time, in any given appointment
a clinician must be prepared to flexibly follow cues from the child, adapting strategies based on how
the child demonstrates readiness for help in cultivating these skills.

Whether “doing hypnosis” or “noticing and utilizing and being hypnotic”, clinicians must
recognize in this model that patients, especially children, bring trance with them into the setting
without being aware of it. Trance is what the brain does naturally when it encounters something for
the first time, giving attention to novelty: “I never saw that before,” “I never thought of it that way
before,” “I never met anyone quite like you before,” or even “I never had a pain quite like this before.”
Trance can be elevating and activating (like a 6-month old reaching for a cardboard picture book), or it
can be terrible like the fight or flight response of someone who encounters a phobic object. Within that
trance, there is often an openness to change, a readiness to see and experience the world differently,
that is, to learn. That may occur with or without the patient having any cultivated self-hypnosis skills,
but the attentive clinician will often find that children and teens arrive at appointments with some
skills they have already discovered for themselves in this area.

Thus, whether the encounter is spontaneous or planned, clinicians bring their own skill sets and
attentiveness to the encounter, ready to cultivate change for the patient, but only when and if the child
or teen allows that to happen. In any encounter where the clinician is doing something formally or
informally planned to be hypnotic or to evoke hypnosis in the patient, nothing happens at all unless the
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patient is willing and open to this. In this model, one may see hypnosis as an interpersonal interaction
by which the clinician cultivates a trance that the patient makes accessible, for the purpose of a specific
health related outcome.

3. Primary Care Pediatrics

In the primary care pediatric setting, there are four areas in which a clinician’s choice of
words can intersect with a child’s curiosity and become a spontaneously hypnotic encounter that
facilitates positive outcomes. They are: developmental mastery, positive expectation, behavior
change/motivation, and discovering self-regulation.

Developmental mastery: Even during well-child checkups for infants and toddlers, a clinician can
reinforce the child’s own growing sense of competence or the maternal-infant dyad’s resilience by
making the screening history conversational. For example, pointing out to a new mother how alert
and attentive a nursing infant is, talking with parents about how their newborn is constantly learning,
commenting on how focused is the 6-month old reaching for a cardboard picture book (demonstrating
trance, encountering novelty). In these settings, the mother is often also in trance focusing on her child,
so these are opportune moments for positive comments and suggestions regarding the multitude of
opportunities that parents and caregivers have to interact with the child in ways that build resilience
and developmental mastery.

Pediatric practitioners have daily opportunities to reinforce the child’s growing developmental
competence. The verbal content of the well-child history changes with age and developmental stages,
but at each age, the words that a clinician chooses can be powerfully reinforcing. The child’s natural
trance state in the healthcare encounter creates an opportunity for purposeful suggestions that are
specific to the developmental stage of the child or teen. Any pediatric health provider wishing to
apply clinical hypnosis must first become fluent in the normal stages of child development and learn
how to connect with children in a developmentally appropriate way [9]. For example, a 3-year-old
(in Erikson’s stage of autonomy versus shame and doubt) would have his/her developmental mastery
reinforced by a comment like, “look how well you climbed onto the exam table by yourself ! When you
were a baby you couldn’t do that!,” or during a checkup saying to a 10-year-old (stage of industry
versus inferiority, where competence is the key strength to be developed) “You’re good at lots of things!
I wonder how many things you’ll learn to be good at by this time next year?.”

Positive expectation: Setting positive expectations for children in pediatric healthcare settings is
an important and often neglected challenge. Immunizations, phlebotomy, or the uncertainty and
anxiety regarding the physical examination all create strongly negative expectations for children
and teens in medical offices. Using distraction and other hypnotic approaches to reduce children’s
discomfort in medical offices is a very important subject in its own right and will not be covered in
detail in this paper [10]. A growing body of literature supports the idea that measures to reduce pain
of immunizations and procedures in children are both important and achievable [11]. Even without
structured office interventions to reduce discomfort, each clinician can help children and teens feel
more comfortable, physically and emotionally, by careful choice of words. Because children and teens
are often in a natural trance state (albeit a negative one full of intense focus on a feared event) in
the medical office, a carefully crafted statement that reframes the experience and opens the child
to new expectations can be powerful. For example, “I don’t really know just what it will feel like
for you, but I do know that you may be surprised at how little it will have to bother you, and how
easy it may be for you just to pay attention to something else while the nurse takes good care of
that arm over there . . . .” On the other hand, suggestions such as “it’s not going to hurt,” can be
pro-nociceptive. A child’s thoughts will invariably focus on the word “hurt” and ignore the word
“not.” Finding ways to use words to substitute for “pain” and “hurt” is important. Use “bother” in
place of “hurt,” and “discomfort” instead of “pain”.

Behavior change/motivation: Any primary care office caring for adolescents will present daily
opportunities to use hypnotic language to promote behavior change. In this context, there is a large
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overlap between the use of hypnotic language and the principles of motivational interviewing [12,13].
One of the core concepts of motivational interviewing is Developing Discrepancy. This is the process
in which the clinician facilitates the patient’s awareness of his/her current state versus a desired future
state. A respectful and empathetic conversation that provokes the teen to think deeply about this
discrepancy can often lead to spontaneous trance experiences in the patient. For example, asking a
teen, “I wonder what sort of things you picture or think about when you think about yourself one year
from now . . . ” can be followed by an expectant silence, in which trance phenomena may be observed.
This can be a very useful way to gauge readiness to change. Another key concept of motivational
interviewing is that of Exploring Ambivalence. A question such as “will you miss the extra weight
when it is gone?” is an implied hypnotic suggestion that the weight will in fact be gone at some future
time. Second, it implies that the patient may be ambivalent about it and can (perhaps in spontaneous
trance induced by such a novel question) explore the pros and cons of continuing current behaviors
versus changing. One can also explore other motivational interviewing domains while the patient is in
trance, either from a formal hypnotic induction or spontaneous. A suggestion for future visualization
of the self (either with the positive health behavior change or not) can assist the patient in exploring
his/her readiness to change, and in affirming his/her own goals. For example, “while these thoughts
are on your mind, take a moment to picture yourself, as if on a ‘future TV screen’ and get a sense of
what you like about that picture, what you don’t like about that picture, and what choices you can
make now that affect that future.” This clinical encounter may be in the mental health office or in the
primary care office around issues of health behavior.

Self-regulation: Another important way in which purposeful language in outpatient settings can
be hypnotic is in facilitating discovery of psychophysiological self-regulation (e.g., breath awareness).
Many opportunities for this in clinical care. For example, a brief intervention in the office for a child
with anxiety can start with a question like, “Can you put your hand on the place where that worry
shows up most in your body?” Most children will readily identify the site of the most troubling
somatic symptoms related to stress. A follow-up question can immediately follow: “Would it be
OK to learn how to help yourself feel better there?” Teaching the child or teen simple techniques
of abdominal breathing and then noticing how they feel differently can be a powerful first step in
enhanced self-regulation. It is also important during the clinical encounter to encourage the child or teen
to reflect on how they may have already discovered their own methods of physiologic self-regulation.
It is not uncommon for a patient to disclose their own techniques to the clinician, such as “I already use
my imagination and breathing when I am nervous at bedtime.” The clinician’s task then is to reinforce
and ratify the child’s own strengths with statements like “helping you learn to help yourself is going
to be easier than I thought, since you are already good at changing things”.

4. Hospital and Acute Care Settings

Hypnotic language can often be utilized in hospital settings or in preparation for medical
procedures [14]. This can be very informal, without a formal induction, and may occur in the
routine course of daily work for a pediatric hospitalist or a Child Life professional. A clinician
may also set a longer appointment time for more formal hypnotherapy to prepare for an anticipated
procedure. Fundamentally, this involves rehearsing the procedure in trance and creating positive
expectations. However, any such intervention must be developmentally appropriate, and expecting
a preschooler to sit quietly and visualize is not developmentally on target. Such a child could be
encouraged to bring a doll or favorite toy with them, and a playful conversation about how well
the doll can experience the upcoming procedure may be sufficient, as long as the child is engaged
in the imaginative experience. More formal trance induction in an older child could be followed
by imaginal desensitization (the “future TV of me”) using imagery and suggestions that reframe
and change the child or teen’s expectations. In urgent care and emergency settings, clinicians have
opportunities to help children in crisis. The negative trance that children and teens bring with them
into that circumstance in fact makes the use of hypnotic language easier, and is also a reminder of the
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critical importance of choice of words in acute care settings. Our language in such settings is important,
because the children are already in a highly suggestible state. During evaluation of an acute injury,
it is possible to embed hypnotic suggestions such as “I can tell it hurts, and you know it may keep on
keep on hurting until it feels better, or until it doesn’t need to any more . . . .” The likelihood is that
the words that “stick” in the child’s consciousness are the words “it feels better,” which is, after all,
the desired outcome. Reframing is possible as well, such as “isn’t it nice that your body knows how to
use all that good healthy blood to clean out the cut?”

5. The Hypnotherapy Consult

Clinicians who are trained and develop their clinical hypnosis practice will invariably be consulted
by other clinicians, usually regarding patients who remain symptomatic despite all the usual diagnostic
and therapeutic approaches of more conventional pediatric medicine. For such appointments, it is
wise to block a longer extended appointment time, at least 45 min, in order to establish rapport, gather
the clinical history, explain hypnosis and self-hypnosis to the child and parent(s), clarify the rationale
for using hypnotherapy for the troubling symptoms, reassure the parents (more than the child) that a
referral for hypnotherapy does not imply that anyone believes the symptoms are not “real,” and then
(perhaps) to begin self-hypnosis coaching for the child or teen. Often there is not sufficient time in
a first appointment to give adequate attention to the actual use of hypnotherapy, and a quick return
appointment is expected.

There are a number of ways that hypnotic language shows up in these appointments even well
before anything that looks like hypnosis, and should start during the process of gathering the medical
history. The clinician should be alert to signs of trance in the child, and then reflecting their own trance
state back to them in several ways. First, find out what they do well, and what resources they have
already discovered for wellness and self-regulation. Short phrases that can be useful include:

Tell me about something you do so well, and is so much fun, that you often or usually forget most
everything else . . .

What was going on the last time you felt really good?

Can we talk about that time when you felt really worried but didn’t (throw-up, have a headache, etc.)?

This process always involves the clinician noticing what the patient is saying, how s/he is saying
it, the moments which appear to be moments of trance in which s/he is attempting to make sense of
connections and novel ideas, and then offering new interpretations of what s/he has said, as a way of
opening possibilities to change based on what s/he already knows.

Words and phrases that can help as therapeutic reflection of child’s own trance, specifically
planned to cultivate and nurture the child’s own curiosity include:

How do YOU think is the best way to learn that?

You have lots of skills (in whatever areas already discussed), are you ready to learn some new
things or new ways to help yourself solve that problem with . . . ?

How does your bladder know to keep the gate shut while you are sitting in school during the day?

Is there a time when pain can be useful?

Do you know about the pain switches?

I wonder how soon you will be able to turn off the pain switch when it’s not needed . . .

How did you do that?

Preparation is critical for these consult appointments. The prepared clinician will review prior
medical records, referral documents, and his/her own notes for return appointments. This implies
that one should keep very detailed notes of appointments. Write down in the medical record the
child’s own words that describe their situation; record the history from the parents’ perspective; record
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observations of the child’s demeanor during the appointment and how that may have changed over
the course of the appointment; record their likes and dislikes, things they do well, who they live
with, how they are doing in school, and any special circumstances of the family, such as military
deployments for example. When the child returns for the second appointment, the prepared clinician
has already reviewed these notes in order to build on that rapport and to remember what worked well
and what did not work well.

During the appointment, it is advisable to direct most of the conversation to the child, not to the
parent. One can explicitly say to the child at the outset that s/he is important, what s/he thinks is
important, what s/he says is important, and that the parent will also have a turn to talk, because s/he
has some important things to say too, but that can wait.

This deliberately child-centric posture is, in all likelihood, completely different from any prior
experience this child has had with medical professionals, who tend to talk about them to their parents,
but not talking with them and acting respectful of what they have to say. This implies to the child that
one is confident in them to articulate and express their own wishes and desires. It builds their trust in
the clinician, and it most certainly builds their curiosity in what is about to happen because it breaks
previously held expectations about conversations with doctors. It creates the space and opportunity to
transform old cognitive, emotional, physiologic, or behavioral patterns of self-regulation. It implies
a belief that they themselves can be an effective change agent for their own issues. This conversation
with the child must always be done in a developmentally appropriate way, remembering to talk with a
7-year-old very differently than with a 14-year-old.

After planning and preparation is done, the clinician’s behavior toward the patient is that of
leading with permission. Leading implies that one has a skill set to use in order to show the patient
in a collaborative way how they can get to their goals. The patient came to the appointment with a
need and did not know on their own how to meet that need; it is the clinician’s job to lead them there.
Equally as important, it is the clinician’s job to recognize that all of this happens only if the patient
wants it to happen. That is true not just of the hypnotherapy itself, but also of the appointment in
general. A useful introductory comment is that “things happen in hypnosis because you want them to
happen, not because I want them to happen.” This “leading with permission” posture and behavior
continues even during hypnosis, so that the language of suggestions is not prescriptive (e.g., “you will
have the pain down to zero by the time I count down from 10”), but permissive (e.g., “I wonder how
soon you will find that old pain completely gone . . . let me know when you get it down to zero . . . ”).

There are pros and cons of keeping parents in the consult room while working with a child or
teen [15]. Many clinicians keep the parent in the room for most if not all of the first appointment,
enhancing insights into the parent-child interaction and whether it may be a strength or a liability;
it can also help to get two different perspectives on the issues at hand. At subsequent appointments,
it may not be advisable to keep a parent in the room during hypnotherapy, as a parent can be
distracting and cause the child to “perform” in a way that they believe their parents would expect
rather than exercising their own autonomy and mastery. Similar to the child’s performance expectations
with parents watching, the clinician may also become overly self-conscious with parents watching.
A clinician who is personally attached to creating a certain outcome in the clinical encounter or who is
consciously or unconsciously trying to please a parent is not likely to give his or her best energy to
creating a therapeutic alliance with the child or teen. This can inadvertently sabotage the very clinical
outcome the clinician is anxious to demonstrate to the parent. A clinician who is anxious about what a
parent is thinking about him or her is not likely to be clinically effective. If a child is very anxious, one
may more strongly consider keeping the parent in the room, hoping to gradually wean the child from
that anxious attachment to facilitate their mastery of new skills in self-regulation.

Audio recordings of hypnotherapy sessions can be very helpful as a tool to help the child/teen
practice at home, and most families now have a smart phone with a voice recorder app, making
recording almost effortless. One may want to introduce the idea of using the recording at home
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with a comment like “you can find this a helpful way to start practicing, until you don’t need the
audio anymore.”

On return appointments, the interim history will reveal if things have gone well or not. If the
patient’s experience was positive or neutral, they will expect to have a repeat hypnotherapy session
with more guidance for self-hypnosis practice at home. It may be advisable on the second visit to use
the same hypnotic induction as at the first appointment in order to help reinforce what may still be
a fragile practice of self-hypnosis at home. On future appointments with a patient who is making
progress, it can be a good idea to teach them a new type of self-induction for themselves at home, to
build skills and the opportunity for new types of self-discovery.

If parents or children report that things did not go well after the first appointment, the clinician
must gather all the details about what happened in the interim, and re-assess the child/teen’s interest
and willingness to use such techniques to feel better. All that may be required is a different approach,
along with continued optimism that a child who is motivated to feel well will discover (with expert
guidance) a way to enhance their own self-regulatory ability in order to resolve an issue.

6. Resources and Training

It is incumbent on all professionals who care for children in healthcare settings to be aware of
the power of words in affecting the mental and physical health of children, for better or for worse.
Experienced and thoughtful pediatric clinicians are aware of this even without specific training in
clinical hypnosis. Over time, most clinicians become more careful in how they speak during clinical
encounters, helping children become more comfortable in healthcare settings. However, many of the
concepts described in this paper are quite different from widespread practice patterns. A thoughtful
clinician wanting to interact with children and teens in such new ways will soon realize that
specific and more concentrated training is needed. The annual training workshops conducted by
the National Pediatric Hypnosis Training Institute (NPHTI, a United States registered non-profit
501(c)(3) corporation) are directed by experienced clinician educators and achieve consistently high
ratings from attendees. More information is available [16]. The American Society of Clinical Hypnosis
(ASCH) conducts annual meetings, national and regional workshops, and is the certifying body for
health professionals in the United States who have had clinical hypnosis training. There is a small but
consistent presence of pediatric offerings the annual workshops by ASCH [17]. Professionals in Europe
can avail themselves of the resources and training events from the European Society of Hypnosis [18].
And while one does not become skilled in clinical hypnosis by reading articles or books, there are
seminal readings which should form the foundation of basic knowledge of any pediatric clinician.
These include Michael Yapko’s book, Trancework [19], and the more specific pediatric titles Hypnosis
and Hypnotherapy in Children [2], and Therapeutic Hypnosis with Children and Adolescents [3].
ASCH publishes pediatric specific articles frequently to keep professionals abreast with progress in the
field [4]. With frequent attendance at hypnosis training workshops and meetings, a commitment to
reading core books and articles, a thoughtful pediatric clinician can not only facilitate transformation
for his or her patients, but also transform his or her own professional life and satisfaction.
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Abstract: Pediatric inflammatory bowel disease is an autoimmune disease that causes chronic
inflammation of the gastrointestinal mucosa. There is emerging evidence that the brain–gut connection
affects inflammatory bowel disease (IBD) patients more than previously thought. This is evidenced by
comorbid mood disorders, irritable bowel symptoms concurrent with quiescent IBD, and the potential
of psychosocial stressors to trigger IBD flares. Mind–body interventions such as psychotherapy,
relaxation, mindfulness, biofeedback, yoga, and clinical hypnosis offer an adjunct to standard medical
treatment for IBD. We will review the current evidence base for these mind–body interventions in the
treatment of pediatric IBD, illustrate a case study, and offer suggestions for future research for this
promising field.
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1. Introduction

Inflammatory bowel disease (IBD) is a chronic and relapsing inflammatory condition involving all
or part of the gastrointestinal (GI) tract. The most common forms of IBD are Crohn’s Disease (CD) and
Ulcerative Colitis (UC), where CD may involve the entire GI tract and UC involves only the large intestine.
The pathophysiology of IBD is thought to be multifactorial, involving a complex interplay between
genetic predisposition, the gut microbiota, gut mucosal integrity, the immune system, and environmental
triggers such as nutrition and psychosocial stressors [1,2]. Conventional treatments for pediatric IBD
include anti-inflammatory pharmacologic therapies (5-aminosalicylic acid derivatives), corticosteroids,
immunomodulators (6-mercaptopurine, methotrexate), and biologics [3]. Nutritional therapies such as
enteral nutrition can also be effective for small bowel Crohn’s disease [4–6].

Patients with IBD commonly seek integrative and complementary medicine treatment due to
beliefs that medications are not effective, concern about medication side effects/risks, and interest
in adjunct therapies to optimize disease management and help to improve symptoms and quality of
life [7]. Integrative medicine is considered a healing-oriented medicine that reaffirms the importance of
the relationship between practitioner and patient, focuses on the whole person, and utilizes empirically
supported therapeutic approaches. According to the National Institute of Health, integrative medicine
is an umbrella term that can include various modalities such as natural products (e.g., herbs and
supplements), whole systems medicine (e.g., traditional Chinese medicine, Ayurveda), and mind–body
interventions (e.g., relaxation, yoga, clinical hypnosis). The term integrative refers to the coordinated
approach of utilizing conventional and complementary therapies together in an integrative way [8].
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Over the past decade, mind–body interventions (MBI) have received increased attention.
These interventions are categorized as those that ‘employ a variety of techniques designed to facilitate
the mind’s capacity to affect bodily function and symptoms’ [9]. Mind–body interventions are thought
to be dynamic, and some definitions of MBI include manipulative modalities such as acupuncture,
massage, and spinal manipulation. For the purposes of this review, however, we will focus on
non-manipulative MBI, including psychotherapy, relaxation techniques, mindfulness-based therapies,
biofeedback, yoga, and clinical hypnosis. Mind–body interventions are emerging as popular treatment
modalities amongst IBD patients [10] and provide safe, inexpensive, non-pharmacologic ways to target
the autonomic nervous system by decreasing the stress response and increasing the relaxation response.

The aim of this paper is to: (1) provide background information and a rationale for the use of
mind–body interventions in pediatric IBD populations; (2) provide a brief overview of key mind–body
interventions for pediatric IBD; (3) review the safety and efficacy of these mind–body interventions and
highlight areas for future research; and (4) present a sample case demonstrating a multidisciplinary
approach to mind–body IBD treatment.

Regarding the criteria for considering studies for this review, all controlled clinical trials,
quasi-randomized trials, and non-randomized trials including pediatric patients with UC or CD
and mind–body interventions were included. The search criteria were expanded to include adult
patients with IBD or youth with irritable bowel syndrome (IBS) when no literature was available
in pediatric IBD samples. Studies published between 1980 and 2017 were considered in this review.
Pubmed was utilized as the primary search engine. The search strategies included terms related to
pediatrics, IBD, IBS, mind–body interventions identified for this review, and common synonyms for
the aforementioned terms.

2. Background

While the pathophysiology of IBD is thought to be due to interrelated factors, increasing evidence
has shown the intimate connection between the brain and the gut and the effect of this bidirectional
interaction on gut and psychological health [11]. It is noteworthy to highlight that IBD patients
readily identify stress as a contributing factor to disease flares [12,13]. Numerous studies have noted
a significant association between perceived stress, negative mood, and major life events and disease
relapse, hospitalization, and abdominal surgery risk [12,14]. Prospective studies show that exposure
to stressful events as well as perceived stress (i.e., the individual’s view of a demand relative to their
resources) may contribute to relapse risk [15–17]. One study found that pediatric patients with IBD who
had low stress levels and used non-avoidant coping strategies had fewer relapses [15], suggesting the
potential benefit of stress management interventions in this population.

The bidirectional brain-gut relationship is especially notable in youth who have IBD with
associated IBS-type symptoms. Despite adequate control of their IBD, patients may continue to
suffer from refractory IBS symptoms. At times, this situation may present a diagnostic and treatment
challenge, as it may be difficult to distinguish between ‘true’ IBS symptoms versus a subclinical form of
IBD. Children with IBD in clinical remission, as defined in the abbreviated-PCDAI (pediatric Crohn’s
disease activity index) or the PUCAI (pediatric ulcerative colitis activity index), have a 6.4% prevalence
of IBS-type symptoms. In patients who have biochemical markers of quiescent or minimal disease,
with a calprotectin of <250 μg/g, IBS symptom prevalence is 16.1% (95% confidence interval (CI):
7.6–25.8%; Crohn’s disease: 16.7%; ulcerative colitis: 10.8% [18]. A meta-analysis of 1703 patients
showed that patients with IBD had a higher prevalence of IBS symptoms, compared to non-IBD
controls [19].

Patients in IBD remission may suffer from a variety of somatic complaints, including recurrent
abdominal pain, urgency, diarrhea, constipation, bloating, gas, and cramping sensations. Symptoms of
pain and discomfort may persist even after inflammation is adequately controlled due to visceral
hyperalgesia, somatic-parietal abdominal pain, referred pain, strictures or adhesions, small intestinal
bacterial overgrowth (SIBO), dysmotility, and central sensitization [20]. Factors that may increase
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central sensitization include disordered sleep, social stressors, and the presence of anxiety or
depression [20]. IBD and IBS have overlapping and interacting mechanisms of illness. Subsets of IBS
patients may have low grade inflammation, and some studies suggest that IBS and IBD exist on a
similar disease continuum [21,22]. Furthermore, both IBD and IBS patients may have derangements in
the gut microbiota that lead to disease [23–25].

A multidisciplinary approach to the management of IBD and IBS symptoms is essential to
successful symptom improvement and disease treatment [26–28]. This approach includes thorough
assessment and management by a pediatrician in consultation with a gastroenterology specialist to
ensure adequate control of inflammation and gut physiological factors. Additional providers include a
dietician to assess nutritional concerns; a pain specialist if pain is a presenting complaint; a physical
or occupational therapist if there is significant deconditioning or loss of quality of life; and a clinical
psychologist, pediatric pain psychologist, or other mental health therapist if there are psychosocial,
adjustment, or symptom management concerns. An effective multidisciplinary team will work in
tandem to guide appropriate interventions and disease modifying therapies for patients, optimize their
physiologic and psychological wellbeing, and help to improve and sustain their ongoing quality of
life [29].

IBD patients, specifically those with persistent IBS symptoms despite quiescent inflammation,
may benefit from integrating mind–body interventions into multidisciplinary care. Research has
demonstrated that mind–body interventions are commonly utilized by patients with IBS and IBD
and may help to decrease anxiety and improve coping abilities [10]. Of note, up to 84% of pediatric
patients with IBD already utilize some sort of integrative medicine therapy, according to a single-center
survey at a tertiary care center [10]. Among these, 61% of patients used stress management and
35% utilized special exercises (e.g., yoga, swimming). In another survey of 67 adolescents with
IBD, 40% used relaxation and 21% used guided imagery once a day to once a week for symptom
management [30]. Younger adolescents were more likely to regularly use meditation, and adolescents
with more severe disease were more willing to consider using relaxation as an adjunct therapy.
Given the high utilization of mind–body interventions among pediatric IBD patients and the potential
efficacy of MBI for this population, providers should be knowledgeable and open to discussing
common mind–body interventions.

3. Mind–Body Interventions

3.1. Psychotherapy

Patients with IBD endorse elevated levels of emotional distress and poor quality of life compared to
the general population [28,31]. Anxiety and depressive disorders have been documented to be higher
among patients with IBD compared to non-IBD cohorts [31–33]. In pediatric IBD populations, high rates
of anxiety and depression have been documented and there is an increased risk of developing depression
compared to youth with other chronic illnesses and healthy controls [33–35]. Symptoms of anxiety and
depression have been negatively associated with psychological well-being and disease-related outcomes
in IBD populations, including lower quality of life, increased perceived stress, IBD relapse, inflammation,
pain, poor medication adherence, and increased risk of surgery [28,33,36–39]. Unfortunately, psychiatric
comorbidities are often under-diagnosed and undertreated across the lifespan. Recently, there has
been growing support for multidisciplinary IBD treatment in order to treat the whole patient,
including psychological interventions for youth and adults with IBD [28]. Psychological interventions
have received increasing attention in the mind–body IBD literature [7], given the comorbidity between
psychological conditions and IBD and the preliminary efficacy of such treatments on both psychological
and physical outcomes.

Psychological interventions aimed at improving emotional distress and disease outcomes
among IBD patients have generally focused on psychotherapy, stress management, hypnosis,
and psychoeducation [40]. Over the past decade, numerous systematic reviews and meta-analyses
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have explored the effect of psychological interventions on children, adolescents, and adults with
IBD. Overall, the findings have been mixed. A Cochrane review from 2011 [41] concluded that
there was no evidence for psychological interventions in adults with IBD; however, the authors
noted more empirical evidence for the use of psychotherapy among pediatric populations with IBD.
Specifically, such interventions were found to improve depression and quality of life among youth [41].
More recent reviews have found psychological interventions to have some benefit on psychological
outcomes and growing potential to reduce physical symptoms such as pain and fatigue, relapse rate,
hospitalization, and medication adherence [40,42]. These mixed findings have been partially attributed
to the limited body of research, comparing interventions with varying psychological content and
methodological limitations.

Cognitive Behavioral Therapy

Cognitive behavioral therapy (CBT) is one type of psychological intervention that has
demonstrated particular promise among pediatric populations with IBD. While there are many
types of psychotherapy, CBT is the most common and has the greatest evidence base in pediatric
IBD populations [35,43]. CBT is based on the premise that emotions, thoughts, and behaviors are
interconnected and that psychological functioning can improve by working to understand and change
maladaptive thoughts and behaviors. Significant literature supports the use of CBT among children
with anxiety and mood disorders [44,45], and growing research has demonstrated the efficacy of CBT
protocols among youth with chronic illnesses [46].

Szigethy and colleagues conducted some of the first studies exploring the effectiveness of CBT
among youth with IBD [47]. They modified a manual-based CBT protocol to address the impact of
physical illness on youth with depression. The intervention focused on physical illness narrative,
social skills training, and family education. The protocol consists of nine individual modules focused
on behavioral activation, cognitive restructuring, and problem-solving skills and three family sessions
focused on psychoeducation and family problem-solving skills. An early pilot study demonstrated
promising results among 11 adolescents (12–17 years). Specifically, there were significant reductions in
child and parent-reported depression symptoms pre- to post-treatment (p < 0.001; 0.65–0.92 effect size),
as well as significant improvements in global adjustment (p < 0.01) and physical functioning (p < 0.05)
among youth [47]. Despite these positive results, there were several study limitations, including the
small sample size and the lack of a control group and long-term follow-up, limiting assumptions of
causality and generalizability.

Later larger randomized controlled groups by Szigethy et al. [48] demonstrated that, among 41 youth
with IBD, the protocol could lead to clinically significant improvements in depression symptoms (p < 0.01;
1.01 effect size) and functioning (p < 0.05, 0.86 effect size), compared to treatment as usual. Of note, these
benefits persisted one-year post-treatment. When the protocol was compared to supportive non-directive
therapy (SNDT), the results showed that both interventions equally reduced depression symptoms (37.3%
for CBT; 31.9% for SNDT) among 217 youth [43]. There were also significant improvements across groups
on measures of global functioning, quality of life, and disease activity; however, the CBT intervention
showed a significantly greater reduction in IBD activity compared to SNDT (p = 0.04). Disease activity
was measured by the PCDAI and PUCAI disease activity scoring scales for CD and UC, respectively.
Lastly, follow-up analyses on a smaller study sample of youth with CD (N = 70) showed that both CBT and
SNDT were associated with decreased GI-related health care utilization, specifically GI-hospitalization
frequency, inpatient days, ER visits, and endoscopies [49]. Overall, these results support CBT as a
beneficial adjunct to the medical management of IBD among pediatric patients.

Recent research supports Szigethy and colleagues’ findings over the past decade, demonstrating
the benefits of CBT protocols for youth with IBD and emotional distress. Of note, Levy et al. [50]
randomized 187 youth (8–17 years) to a brief three session CBT intervention or an education
support condition and conducted follow-up assessments up to one year post-treatment. The findings
demonstrated that the CBT intervention led to significantly more pre- to post-treatment improvement
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compared to the control group on measures of pain coping abilities (p < 0.05), IBD-related quality of life
(p < 0.05), parent-reported solicitous behavior (p < 0.05), and missed days of school in the six months
following treatment (p < 0.05). Children reported significant improvement in depression symptoms
post-treatment with no significant between group differences (p = 0.10). Interestingly, exploratory
sub-group analyses demonstrated that children in the CBT intervention with higher levels of flares
pre-baseline had significantly fewer flares post-treatment compared to the control (16.7% versus 52.9%;
p < 0.05). Future studies should further explore the possibility that brief CBT protocols can affect
disease activity in a larger sample of youth with IBD using more rigorous methodology, such as
PCDAI/PUCAI measures of disease activity, and the concurrent measurement of calprotectin and
inflammatory cytokines. The strengths of this study include the large sample size, controlling for time
and attention in the educational support condition, and developing a brief intervention to address the
accessibility and adherence issues common to psychotherapy protocols.

Currently, a multicenter randomized controlled trial (RCT) is underway to investigate the efficacy
of a CBT protocol in reducing symptoms of depression and anxiety and improving quality of life
and disease course in youth with IBD [51]. Larger RCTs such as this are greatly needed in order to
address past study limitations and further assess the feasibility, efficacy, and generalizability of CBT
interventions for youth with IBD and co-occurring emotional distress.

Overall, there is promising preliminary evidence for the feasibility of CBT interventions in tertiary
pediatric GI/IBD clinics and the efficacy of such protocols in improving psychological wellbeing
and disease-related outcomes. Effective non-pharmacological treatments for emotional distress are
especially important given the comorbidity between IBD and depression and anxiety and the potential
for antidepressants to exacerbate GI symptoms and complicate medical regimens [47].

3.2. Relaxation and Stress Management

Given the relationship between stress, emotional distress, and negative IBD-related outcomes,
researchers have explored the efficacy of relaxation and stress-management protocols for IBD patients.
The goal of such interventions is to teach patients skills to relax and reduce daily stress in order to
support improved psychological and physical wellbeing. The content of these interventions varies,
as well as the format (individual versus group sessions), delivery (nurse, psychiatrist, psychologist),
and duration (one session versus eight weekly sessions). Relaxation-based interventions usually
focus on teaching patients a subset of relaxation strategies, such diaphragmatic breathing techniques,
guided imagery (e.g., focus on imagination and distraction), progressive muscle relaxation (PMR)
(e.g., focus on building and releasing muscle tension), and autogenic training (i.e., focus on physical
manifestations of relaxation in the body like heaviness in the musculoskeletal system or warmth of the
circulatory system) [41]. Stress management protocols tend to include psychoeducation (e.g., related to
IBD and treatment; stress and relaxation response) and a variety of relaxation and coping skills
(e.g., problem solving, communication, identifying and modifying negative thoughts). Exercise and
diet support are also integrated into some stress management treatments [40,41].

The majority of research investigating the use of relaxation and stress management interventions in
IBD populations has been conducted in adult samples. Randomized controlled trials investigating the
efficacy of PMR and guided imagery-based relaxation protocols have shown significant improvements
in psychological functioning, quality of life, and pain variables among adults with IBD [52,53].
Stress management interventions have shown mixed efficacy. Some RCTs have demonstrated that
stress management protocols can improve psychological functioning [54–56] and disease-related
outcomes [55,57,58], while other studies show no significant changes in IBD outcomes across
conditions [59].

Research exploring more integrative CBT interventions (CBT with greater emphasis on
relaxation-based coping skills) has shown promise in pediatric patients with IBD. McCormick
and colleagues [60] developed a one-day CBT intervention for adolescents and parents focused
on disease-related coping skills, pain management, relaxation, communication, and limit setting
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(N = 24 parent–child dyads). Treatment was followed by six weeks of web-based skill review that
focused on weekly homework, coping skills, and group chat sessions related to treatment modules.
Separate adolescent and parent sites were created. Following the integrative CBT treatment, there were
significant improvements in child and parent-reports of somatic symptoms (p < 0.01) and adaptive
coping (p < 0.05). While there were no significant differences between the CBT and wait-list control
condition, no changes in the above symptoms were found for the control group. Despite preliminary
support for the intervention among adolescents with IBD and their parents, there was a lack of random
assignment to groups, limiting conclusions about intervention efficacy. Overall, it appears that no
studies to date have explored the efficacy of relaxation or stress management interventions in pediatric
IBD populations.

Future research exploring the feasibility and efficacy of relaxation-focused interventions
among pediatric samples is needed. Brief relaxation protocols could be particularly helpful in
pediatric GI clinics, as they could be easily delivered by a variety of providers and integrated into
multidisciplinary care.

3.3. Mindfulness

Over the past decade, mindfulness-based interventions have received increasing attention
in mind–body research and are emerging as a point of interest among researchers exploring
psychotherapeutic interventions for patients with IBD. Mindfulness-based stress reduction (MBSR) and
mindfulness-based cognitive therapy (MBCT) are typically the most common mindfulness treatments
in clinical and research settings. Across these protocols, the primary treatment aim is to teach patients
mindfulness, which is the ability to be aware of the present moment and one’s thoughts, emotions,
and body sensations in a purposeful, non-judgmental manner [61,62]. Mindfulness is usually practiced
via a series of breathing, meditation, and movement exercises, all of which support non-judgmental
and compassionate awareness. Bringing one’s focus and attention to the present can buffer one from
ruminating on negative cognitions (e.g., catastrophizing about IBD flares) or bothersome physical
sensations (e.g., abdominal pain).

To date, it appears that mindfulness-based interventions for patients with IBD have been
exclusively conducted in adult samples. One of the first randomized controlled studies investigated
the feasibility and efficacy of an eight week mindfulness-based stress reduction (MBSR) group
among 55 patients with ulcerative colitis compared to an attention control condition with mind–body
psychoeducation [63]. MBSR was developed by John Kabat-Zinn and consists of eight weekly 2.5 h
sessions, weekly homework, and a seven hour weekend session, all focused on promoting mindfulness
in daily life. Results demonstrated that the MBSR intervention was highly feasible and acceptable
among IBD patients; however, the protocol did not impact psychological or disease outcomes compared
to the control condition. Interestingly, among patients who flared during the study, those randomized
to the MBSR condition reported significantly higher quality of life compared to the control condition
(p = 0.001). Additionally, post-hoc analyses demonstrated that MBSR may be effective in reducing
flares among patients with heightened states of stress, supporting the approach of tailoring treatments
to patient characteristics as is routinely done with pharmacotherapy [63].

A more recent controlled trial [64] provided preliminary support for the feasibility, acceptability,
and efficacy of an eight week modified MBSR protocol for adults with IBD (N = 60). Post-treatment,
there were significant improvements in anxiety (p < 0.05), depression (p < 0.05), quality of life (p < 0.01),
and mindfulness (p < 0.01), compared to a treatment as usual control condition. Of note, significant
reductions in depression and improvements in mindfulness were present six months following the
intervention (p < 0.001). The corresponding effect sizes ranged from medium (d = 0.56) to large
(d = 1.27), providing support for clinically meaningful outcomes. However, additional randomized
controlled trials are needed to further support these findings.

Schoultz and colleagues [65] have also explored the efficacy of a MBCT intervention among
44 adults with IBD. MBCT was developed by Zindel Segal and colleagues and is largely based on
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MBSR [66]. It is an eight-week group treatment that integrates mindfulness and cognitive therapy
techniques to support stress management and self-care. Schoultz et al. [65] found that MBCT led to
significant improvements in depression (p < 0.05), trait anxiety (p < 0.05), and dispositional mindfulness
(p < 0.05) among patients with IBD, compared to a wait-list control condition. These findings persisted
at a six-month follow-up assessment. No changes were noted on disease activity and IBD quality of life.
Thomas and colleagues also developed a form of psychotherapy, entitled multi-convergent therapy
(MCT), that combines mindfulness with cognitive and behavioral techniques [67]. A randomized
controlled pilot study assessed the efficacy of MCT among 66 adults with IBD. The results demonstrated
significant pre- to post-treatment improvements in the MCT condition, compared to the control on
quality of life among IBD patients with IBS-type symptoms (determined by Rome III criteria at baseline)
(p = 0.021) [68]. These findings offer further support to the notion that mindfulness protocols could be
effective for sub-groups of IBD patients.

While, to our knowledge, there is no published research investigating the use of
mindfulness-based interventions among youth with IBD, preliminary support for mindfulness
protocols in adult IBD populations and youth with IBS [69] suggest that this could be a promising
line of future research. Going forward, investigators should explore the feasibility and efficacy of
age appropriate mindfulness treatments among children and adolescents with IBD, particularly in
patients with heighted states of stress, concurrent psychological diagnoses, or IBS-IBD symptoms.
This research should also address some of the methodological limitations highlighted in the adult
literature. Specifically, future studies should include a bigger sample size and multiple control groups
and include attention and wait list control, assess treatment adherence and engagement, and collect
psychological, physiological, and disease activity-related outcomes.

3.4. Biofeedback

Biofeedback is a process in which the electronic monitoring of normally automatic bodily
functions (e.g., heart rate, blood pressure, skin temperature) is used to train a patient to acquire
voluntary control of that function. The autonomic nervous system is the primary target of biofeedback,
particularly the sympathetic nervous system, or the body’s ‘fight or flight’ system. The autonomic
nervous system received its name because it was once believed that this system operated without
our control. However, research has shown that a person can, in fact, control this part of the nervous
system when provided with appropriate feedback of its functioning [70]. In pediatric gastroenterology,
mind–body research suggests that biofeedback may be helpful in treating symptoms of IBS and
functional abdominal pain (FAP) such as dyspepsia, bloating, and cramping [71,72].

Heart Rate Variability Biofeedback

Heart rate variability biofeedback (HRVB) is a type of biofeedback that can directly improve
autonomic dysfunction and restore vagal tone [70]. Heart rate variability (HRV) is the change in time
intervals between adjacent heartbeats. HRV can be measured non-invasively as a physiologic marker
of autonomic nervous system function. Optimal HRV reflects a self-regulatory capacity, specifically a
person’s adaptability and resilience to respond to and recover from stressful stimuli [73]. HRV varies
from person to person depending on age, gender, health, and fitness. Lower HRV, or less variability
in heart rate in various positions and activities, suggests higher persistent sympathetic tone and
less resilience to stressful triggers [73]. Analysis of HRV involves power spectral analysis filtering
techniques to separate the heart rate waveform into frequency ranges [74,75]. The high frequency
(HF) band reflects parasympathetic activity, whereas the low frequency (LF) band reflects sympathetic
activity [76]. The LF/HF ratio is used by some researchers to assess the balance between sympathetic
and parasympathetic activity [74,77]. Non-invasive instruments that connect to an earlobe, finger,
or to the chest via electrocardiogram leads measure HRV. The user then engages in breathing and
relaxation exercises to visualize how this may affect their HRV directly on the screen [73]. HRVB is a
novel modality and research on its efficacy and utilization is still emerging.
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A study by Sowder et al. [72] investigated the effect of HRVB in children with FAP.
Children participated in six sessions of HRVB aimed at normalizing autonomic balance. At baseline,
children with FAP in this study had greater autonomic dysregulation than children without FAP,
as indicated by a higher LF/HF ratio (t(28) = 2.95; p = 0.006). After the treatment sessions, the FAP
group was able to significantly reduce their symptoms which correlated with significant increases
in their autonomic balance, as evidenced by a decrease in the LF/HF ratio(t(19) = 2.57, p = 0.019).
Another prospective open-label study by Stern et al. looked at 27 children with either IBS or FAP
who underwent HRVB to treat their presenting symptoms for an average of eight 30-min sessions.
They concluded that almost 70% of IBS patients and 63% of FAP patients achieved full remission
(defined as having no symptoms for at least two full weeks) [71]. Qualitative data from this study
showed that patients with both IBS and FAP expressed satisfaction with the intervention and their
clinical outcomes and felt validated in the ‘reality’ of their symptoms.

Although no studies to date have looked at HRVB in IBD patients, a study by Jelenova et al.
found that adolescents with mild IBD had less adaptability to stress compared to healthy controls [78].
The HRV of the IBD patients showed significantly lower levels of spectral activity in low frequency
bands of HRV at both supine and standing positions (p < 0.005 and p < 0.01 respectively). This study
was limited by the small sample size (25 IBD patients, 35 controls) and the fact that HRV was measured
over five min, which may not be as accurate as 24 h measurements. Larger studies investigating normal
values of HRV within healthy adolescent populations as compared to IBD populations would help to
identify clinically significant HRV abnormalities within a pediatric IBD population. Although the effect
of biofeedback on pediatric IBD has not yet been explored in depth, this modality offers a non-invasive
way to decrease physiologic reactivity to stress, which may lead to IBD flares, decreased pain threshold,
and IBS-IBD symptoms. Further research in this area is clearly warranted.

3.5. Yoga

Yoga is a mind–body technique arising from ancient India that combines physical postures,
breath control, and meditation to promote health and relaxation. Yoga is believed to have
mood-enhancing properties that inhibit physiologic stress and inflammation [79,80]. A systematic
review of 25 randomized controlled trials provides evidence that yoga improves regulation of the
sympathetic nervous system and hypothalamic–pituitary–adrenal system, as evidenced by multiple
physiologic parameters including blood pressure, heart rate, cortisol, and cytokine expression [81].
Yoga also increases personal empowerment, which is the ability to develop the confidence and strength
to set realistic goals and fulfill one’s potential [82]. Personal empowerment is a measure vital to one’s
wellness and emotional health, and increased empowerment leads to improved patient activation.
Of note, patient activation towards medical care can improve health outcomes, reduce medical system
costs, and improve the patient’s overall healthcare experience [83,84]. Yoga is a low cost, high reward
form of self-care that has the potential to fill a known health care gap by decreasing stress, promoting
wellness, and reducing disease burden.

Yoga protocols have been shown to be a feasible and safe adjunctive therapy for adolescents and
young adults with IBS [85]. Nearly half of the participants in a brief yoga intervention for adolescents
with IBS reported a significant reduction in pain and global symptom improvement, and young adults
in the yoga group were significantly more likely to endorse symptom improvement compared to
wait-list controls (χ2 = 11.13, p = 0.03) [85]. Another randomized trial of yoga for adolescents with IBS
found significantly improved gastrointestinal symptoms (p < 0.01), lower levels of functional disability
(p = 0.073), less use of emotion-focused avoidance (p = 0.09), and less anxiety (p = 0.09) compared to
wait-list controls [86]. A systematic review of six randomized controlled trials studying yoga as a
treatment for IBS in adults found significant improvements in quality of life, global improvement, and
physical functioning [87]. However, the review was limited by the small overall sample size (total of
273 patients), heterogeneity of control groups, and unclear risk of bias in observed studies (no allocation
concealment or adequate random sequence generation described). Despite these studies’ positive
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findings, there are no studies to date evaluating yoga as a potentially effective adjunct therapy for youth
with IBD. Given the overlapping and interacting mechanisms between IBD and IBS, these preliminary
yoga studies for IBS may also apply to the IBD population. Thus, there is a clear need for studies to
investigate the potential benefits of yoga as a mind–body therapy in children and adolescents with IBD.

3.6. Clinical Hypnosis

Clinical hypnosis is a common MBI and refers to the specific ability to focus one’s attention
narrowly and deepen one’s concentration, while simultaneously diminishing awareness of external
stimuli. In this state of awareness, it is thought that the individual may be able to modulate some
physiological processes not ordinarily under conscious control [88]. In the treatment of abdominal pain,
most hypnosis or hypnotherapy studies have focused on the management of symptoms related to IBS,
while a few have examined the action of hypnosis on IBD [89]. The strongest evidence for the efficacy
of hypnotherapy in IBD is its association with reduced IBD related inflammation and improved quality
of life. Mixed results have been obtained regarding its effects on psychological and pain outcomes [90].
The mechanism of action of hypnotherapy is believed to be via the ‘brain–gut axis’, through the
modulation of vagal visceral afferent signals via the pontomedullary nuclei, limbic regions including
the amygdala, hippocampus, and insula, and vagal efferent signaling via pathways of descending
modulation. These pathways may be dysregulated by cognitive and environmental demands, leading
to the overriding of local reflex functions that occur during sleep or in the context of digestion [11].

Hypnotherapy normally begins with an introduction by the practitioner, development of rapport,
and receipt of permission to perform the hypnosis exercise. Following, a hypnosis induction is
performed, with the aim of allowing the individual to enter an altered consciousness or trance state (e.g.,
similar to a narrow state of focused attention). This state is readily achieved by children, who naturally
are able to enter a state of focus and attention during play or while engaging their imagination.
Once in the hypnotic state, gentle suggestions are made for enhancing one’s ability to regulate or
normalize gastro-intestinal function, including the minimization of pain, nausea, vomiting or other
symptomatology. Various metaphors can be employed to facilitate this process; for example, the
gut may be likened to a smoothly flowing river, whose flow can be guided by the patient’s gentle
encouragement. The placing of the patient’s hands over the abdomen, or taking specific medicines,
can be seen as a way to engender calm and protection against pain, bloating, discomfort, or abnormal
bowel habits. Subsequently, patients are encouraged to utilize the technique to calm their symptoms at
other times during their daily life. Hypnotherapy has been demonstrated to be safe and effective for
use in youth; however, it should only be employed by appropriately trained individuals [91].

In a randomized controlled study of 54 adult patients with ulcerative colitis, clinical remission
was prolonged in 26 patients by a mean of 78 days compared to 29 attention controls. The intervention
consisted of a seven-session standardized treatment protocol. Patients were also provided with an
audio recording to practice outside of sessions five days per week during the study. The control
intervention consisted of non-directive discussion about Ulcerative Colitis and the ‘mind–body
connection’. In addition, analysis of the group maintaining remission at one year showed a significantly
higher remission rate among those in the hypnosis condition (68%) compared to control patients
(40%) [92]. While mechanisms of action are unknown, stress management and increased self-efficacy
have been posited as possible mediators.

In another study, 15 adult patients with severe or very severe IBD on corticosteroids, but not
responding to medication, received 12 sessions of ‘gut-focused hypnotherapy’ and were followed up
for a mean duration of 5.4 years. Sixty percent of patients were able to entirely stop corticosteroids
and did not require them at follow-up [93]. In a similar study, 15 patients with severe IBD underwent
12 sessions of gut directed hypnosis, which focused on tactile stimuli as well as visualization. In 14 out
of the 15 patients, disease severity was reduced from severe to either mild or moderate following
treatment, and quality of life was improved from ‘very poor’ and ‘poor’ to ‘good’ and ‘excellent’ [94]. Of
note, one session of ‘gut-directed hypnotherapy’ has been shown to reduce systemic and rectal mucosal
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inflammatory responses. Serum interleukin-6 concentration was reduced by 53%, circulating natural
killer cell numbers were reduced by 18%, rectal mucosal release of substance P was reduced by 81%,
histamine was reduced by 35%, and interleukin-13 was reduced by 53% [95].

In the pediatric population, hypnotherapy was successfully utilized in a case series for six children
with IBD. The children received between four and 12 sessions over three months, and treatment
resulted in improved symptoms and decreased inflammatory markers, though the exact values are not
provided in the report [96]. In a randomized controlled study of 53 pediatric patients (aged eight to
18) with IBS and functional abdominal pain, patients underwent six sessions of hypnotherapy (HT)
over a three-month period. The control intervention was standard medical care, with six sessions of
supportive therapy. Pain intensity decreased in the HT group from 13.5 to 1.3 and in the control group
from 14.1 to 8 (p < 0.001). Pain frequency reporting also decreased in the HT group from 13.1 to 1.1 and
in the control group from 14.4 to 9.3 (p = 0.007). The three-month pain remission rate was 59% in the
HT group compared to 12% in the standard care group (p < 0.001). Interestingly, there continued to be
post-treatment improvement and remission rates at one year (85% and 25% respectively; p < 0.001) [97].

While no larger studies have investigated how some of these effects might be mediated in
children with IBD, an interesting study in adults with IBS showed that gut-directed hypnotherapy
had a normalizing effect on the aberrant central processing of visceral signals. Forty-four female
adult patients were randomized to hypnosis or educational therapy. They received seven weekly
one hour long sessions of hypnotherapy, including CD recordings for home use. Rectal distention
was performed while the patient underwent functional magnetic resonance imaging of the brain
to assess the central nervous system response to the distention stimulus. Both groups showed
reduction in blood oxygen level dependent signals, including anterior insula, albeit by different
centrally acting mechanisms [98]. The normalization of autonomic nervous system functions may
also play a role in symptom management, as gut directed hypnotherapy has been shown to reduce
heart and respiratory rates independently of emotional content [99]. Hypnotherapy is a promising
therapy that may support symptom management in inflammatory bowel disease and potentially
decrease the inflammatory response itself. More studies are needed to explore the feasibility, efficacy,
and dose-response relationship of hypnotherapy interventions among pediatric patients suffering
from IBD.

4. Sample Case

A 14-year-old female with a diagnosis of ileocolonic Crohn’s disease for one year presented for
a second opinion for IBD evaluation and management. The important findings on initial endoscopy
were chronic ileitis of the terminal ileum, moderately active chronic colitis of the ascending colon, and
colonic mucosa with rare branching crypt. Magnetic resonance enterography demonstrated a segment
of borderline mild circumferential thickening of the small bowel in the ileum. Previous laboratories
showed an elevated C-reactive protein (17 mg/L) and erythrocyte sedimentation rate (42 mm/h),
fecal calprotectin (839 mcg/g), and low vitamin D (12 ng/mL). Her weight was 48 kg (24%), and her
BMI was 21.28 kg/m2 (50%). She was initially started on sulfasalazine, folic acid, and prednisone taper
with the plan to transition to 6-mercaptopurine. However, she was only currently compliant with iron
supplementation due to concerns about medication side effects.

The patient’s presenting symptoms included watery diarrhea two times daily without
hematochezia, frequent abdominal pain limiting her activity, and fatigue requiring a three hour
nap every afternoon. She described significant stress related to Crohn’s and school and became tearful
when discussing her disease and desire to be normal. She also endorsed medical-related anxiety,
needle phobia, and increasing frustration about her recurrent abdominal pain. During the evaluation,
disease management options were discussed, including biologics, re-induction with steroids, use of
immunomodulators, and enteral therapy. The patient was also referred for psychotherapy with a
pediatric pain psychologist.
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Psychological evaluation suggested significant academic and social anxiety related to IBD.
Specifically, the patient endorsed difficulties concentrating in class due to symptoms, embarrassment
about bathroom needs at school, body image concerns around peers, pain catastrophizing when out
with friends, and anxiety around upcoming required blood draws. Weekly psychotherapy was initiated,
and treatment goals included teaching her anxiety and pain management strategies, increasing daily
functioning, and supporting her adjustment to life with a chronic illness.

Treatment initially focused on validating her past experiences, supporting increased trust with
medical professionals, and empowering her to be more engaged in her health care. The mind–body
modalities used in treatment included: (1) biofeedback for stress and pain management (e.g., HRV via
emWave—a commonly used biofeedback program by HeartMath LLC, Boulder Creek, CA, USA);
(2) hypnosis for needle phobia and pain management (e.g., comfort and relaxation dials in her
‘control center’, the brain); (3) mindfulness for stress and anxiety management; (4) CBT for needle
phobia (e.g., graded exposures to feared stimulus like needles and blood draw); (5) and CBT for
general anxiety and pain management (e.g., increasing awareness of negative pain-related thoughts,
cognitive restructuring, behavioral activation to increase daily functioning).

During the first month of treatment, each session began with biofeedback and/or hypnosis
exercises, such as playing the Garden Game on emWave (HeartMath LLC, Boulder Creek, CA, USA) or
utilizing her relaxation dial to release worries and tension. CBT techniques were incorporated into the
last 30 min of the session, focusing on graded needle exposures. For example, she practiced looking at
pictures of blood draws and preparing her arm for a blood draw, with rubbing alcohol and tourniquet
placement, and applying relaxation-based coping skills. Daily homework included practicing
mind–body skills using biofeedback applications such as Bellybio [100] and Breathe2Relax [101],
listening to a hypnosis recording about her comfort dial, and creating a weekly behavioral activation
log. Treatment focused on a top-down and bottom-up approach to anxiety and pain management.
After four weekly sessions working with these mind–body interventions, the patient was able to have
her blood drawn with minimal difficulty. She also endorsed less anxiety at school and spent more time
out of the house with friends.

At the patient’s follow-up gastroenterology visit, she agreed to restart disease modifying
medications. Of note, her calprotectin values subsequently normalized to 70 mcg/g, and her anemia
and inflammatory markers also improved. The patient continued psychotherapy for 12 weeks.
This multidisciplinary approach allowed for shared decision making in a case where the patient
and family had at first demonstrated medical noncompliance due to medical-related anxiety. This case
highlights the benefit of integrating mind–body interventions into IBD treatment.

When considering this case, and the biopsychosocial challenges associated with IBD, it is also
important to highlight that ongoing psychotherapy is often recommended by multidisciplinary IBD
teams to support mood, IBD symptom management, and health promotion (e.g., medication adherence,
transitioning care). As studies have demonstrated, psychotherapy can have long-term positive effects
on psychological and IBD-related outcomes. While most empirical evidence supports CBT for youth
with IBD, acceptance and mindfulness-based treatment strategies should be considered when working
with patients on adjustment and identity concerns related to IBD. Continued research in this area
is warranted.

5. Conclusions

Mind–body interventions may be an effective non-invasive adjunctive therapy to standard medical
care in pediatric IBD populations. Research shows that psychotherapy, specifically cognitive behavioral
therapy, may be helpful in improving depression, functioning, and quality of life in youth with IBD.
Relaxation and mindfulness-based interventions appear to improve psychological functioning among
adult IBD populations, with particular benefit for subpopulations of patients experiencing heightened
states of stress and concurrent IBS symptoms. Heart rate variability biofeedback and yoga may
offer a way to help patients decrease pain and IBS-IBD symptoms, as well as improve anxiety and
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elevated persistent sympathetic tone. Preliminary data also suggests that clinical hypnosis and other
mind–body interventions may have the potential to affect IBD activity (e.g., reduced inflammatory
response). Further research needs to be conducted in pediatric samples in order to further validate
the feasibility, efficacy, and cost effectiveness of these mind–body interventions in pediatric IBD.
Manipulative therapies, such as acupuncture and massage, and dietary therapies may also improve
overall well-being in IBD patients and be an area worthy of further investigation.

Mind–body interventions can be implemented in the clinical setting by various providers,
including GI physicians, nurse practitioners, and physician assistants. Mental health providers
such as social workers, pediatric pain psychologists, or clinical psychologists can also be trained in
mind–body interventions. For the time being, insurance may not cover specific mind–body treatments.
However, providers often can bill for services through evaluation and management codes based on
time (for medical providers) or health and behavior codes based on time (for mental health providers).
As evidence emerges on the efficacy of mind–body interventions to improve IBD outcomes, hopefully
insurance companies will deem these interventions as medically necessary and gradually incorporate
them into part of mainstream care.

We encourage pediatric IBD providers to reflect on the importance of the brain–gut connection
with patients and families, assess their interest in mind–body interventions, and engage in
multidisciplinary treatment with mind–body treatments when appropriate and supported by empirical
evidence. This integrative treatment approach has the promise to improve patients’ disease activity
and overall well-being.
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Abstract: It has been well-established that a variety of mind-body (MB) techniques, including yoga,
mental imagery, hypnosis, biofeedback, and meditation, are effective at addressing symptoms such as
pain, anxiety, nausea, and insomnia, as well as helping with a wide variety of medical, emotional,
and behavioral issues in pediatric populations. In addition, MB skills can also be health-promoting in
the long-term, and with regular practice, could potentially contribute to longer attention spans, social
skills, emotional regulation, and enhanced immune system functioning. Importantly, the benefits
accrued from MB skills are largely dose-dependent, meaning that individuals who practice with some
consistency tend to benefit the most, both in the short- and long-term. However, clinical experience
suggests that for busy patients, the regular practice of MB skills can be challenging and treatment
adherence commonly becomes an issue. This commentary reviews the concept of technology-assisted
relaxation as an engaging and effective option to enhance treatment adherence (i.e., daily practice)
for pediatric patients, for whom MB skills have been recommended to address physical and mental
health challenges.

Keywords: technology; mind-body skills; biofeedback; mobile applications; meditation; multimedia;
computer games; children; relaxation; stress; video games

1. Introduction

Interactive electronic devices can play a positive role in healthcare [1–17]. Technology-assisted
relaxation is currently a very popular topic for healthcare consumers, including products which are
available in the form of multimedia mobile applications for smartphones or tablets. Devices can be
used in a variety of situations and are available in numerous formats, such as teaching relaxation
techniques, providing interactive electronic physiological monitoring (biofeedback) which facilitates
self-regulation, or stand-alone electrotherapeutic technologies, which can influence brainwave
frequencies. Therapeutic technologies are rapidly emerging as a unique and effective way to provide
health information and as a source for patient self-management tools. Recently, a number of new options
for mind-body (MB) skills training have been developed, including technologies that support stress
management approaches, emotional regulation strategies, and self-calming techniques. Although many
healthcare providers are aware of the need for effective stress management strategies for patients
of all ages, busy clinicians may not have the time to stay up-to-date with these new technological
offerings. However, in many cases, companies are launching direct-to-consumer advertising of their
product benefits, which allows patients and families direct access to, and use of, these approaches,
as they seek attractive options for treating stress-mediated mental and physical challenges.
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It is well-known that children are regularly utilizing interactive electronic media, such as
smartphones or tablets, at home and school [18]. In a 2015 article in Pediatrics by Kabali et al. [19],
the following was discovered about the use of mobile devices by children and families: “[a] cross-sectional
study [was performed including] 350 children aged 6 months to 4 years, seen October to November
2014, at a pediatric clinic in an urban, low-income, minority community. The survey was adapted from
Common Sense Media’s 2013 nationwide survey...[and it was found that] most households had television
(97%), tablets (83%), and smartphones (77%). At age 4, half the children had their own television and
three-fourths [had] their own mobile device. Almost all children (96.6%) used mobile devices, and most
started using before one years of age. Parents gave children devices when doing house chores (70%),
to keep them calm (65%), and at bedtime (29%).” This study suggests that, even if not explicitly stated,
many parents are currently utilizing technology with their children as a non-pharmacological option
for purposes of calming and distraction.

After over twenty years working in the clinical practice of developmental/behavioral and
integrative pediatrics, the author has witnessed the many benefits of teaching children a variety
of MB skills, as an important therapeutic element in a comprehensive treatment plan. This commentary
offers his opinions and perspectives on the way in which technology can enhance the process of
learning and practicing MB skills for children and teens. Therefore, this paper is not intended to
provide an exhaustive review of the literature on this subject, but instead is meant to reflect the author‘s
clinical experience and what he has found to be useful in his own clinical practice.

One important goal of this commentary is to raise awareness of these technologies among
clinicians, so that healthcare providers might better understand alternative therapeutic options and
consequently discuss these options with their patients. An additional hope is that healthcare providers
may creatively integrate these newer technology-assisted relaxation approaches, when indicated, into
appealing treatment strategies for pediatric patients for whom MB skills are indicated.

1.1. Complementary Approaches and Pediatric Practice

Complementary and alternative medicine (CAM) is quite popular for children and teenagers
seeking natural approaches [20–22] for a variety of medical and mental health issues, partly because
families are now seeking out more natural and less invasive therapies. Many children and parents
prefer non-pharmacological therapies, if available, for common complaints such as headaches,
abdominal pain, insomnia, anxiety, stress, inattention, anger, or emotional dysregulation. Within the
CAM domain, MB and self-regulation skills are particularly effective in managing a number of
common symptoms of childhood with a very positive risk/benefit ratio in a safe, cost-effective,
and time-efficient manner [23]. The attractiveness of these options can be seen in a recent review by
Vohra and McClafferty et al., who note that MB therapies “are popular and ranked among the top ten
complementary and integrative medicine practices reportedly used by adults and children” [1].

1.2. Chronic Over-Arousal

It is also reasonable to argue that, for most children and teenagers, the demands and exposures
of modern life are increasingly leading to chronic autonomic nervous system (ANS) over-arousal,
in a way that is often unrecognized by the majority of individuals, who commonly accept it as their
normal baseline reference mode of experience. However, this constant over-arousal can cause physical
and emotional regulation problems [24–26]. In fact, since this state of ANS imbalance (stress) is so often
recognized as a normal baseline mood, individuals may feel uncomfortable with calmer, quieter states
of mind and body, as these can feel unfamiliar or uncomfortable. Evidence suggests that this heightened
baseline and continuous state of chronic stress may be depleting for the mind, body, and spirit,
and when left unchecked, can lead to many physical and mental health problems [27]. For example,
stress may serve as an epigenetic modifier [28,29], while accessing a relaxation response achieved
from practicing MB techniques (i.e., dialing up parasympathetic nervous system activity and reducing
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sympathetic arousal), may counterbalance this stress-effect and help to turn on health-promoting genes
and processes.

A chronic state of nervous system over-arousal can also contribute to the etiology and/or
maintenance of a number of physical issues (inflammation, pain, immune dysregulation, insomnia)
and mental health symptoms (anxiety, depression, inattention), for which medications are commonly
prescribed [24–27]. For these reasons, it is important that all children and teenagers learn MB
balancing skills early on, so that they might also have the option to utilize non-pharmacological
alternatives that can facilitate the MB’s natural healing capacity and perhaps address the causative
issue at a more foundational level. It has also been well-established that the regular practice of a
variety of MB techniques, including yoga, mental imagery, hypnosis, biofeedback, and meditation,
are effective for re-balancing the ANS in pediatric populations and for addressing physical and
emotional symptoms, such as pain, anxiety, insomnia, and gastrointestinal complaints [1,30–32].
Additionally, with regular practice, MB skills can be health-promoting in the long-term, contributing to
better attention spans, social skills, emotional regulation, enhanced immune system function,
and decreased inflammation [6,25,29,33].

1.3. Mind-Body Skills for Autonomic Nervous System Re-Balancing

Currently, there are no definitive studies detailing the exact amount of practice of MB skills
required for optimal success, in terms of short-term symptom control (e.g., to reduce acute pain or
anxiety), or long-term health and wellness improvements (e.g., baseline levels of stress, happiness,
attention, inflammation). In clinical settings, some individuals do appear to achieve benefits—at least
acutely—with only a single practice or a few experiences, but mastery and sustained change likely
requires consistent practice of the skill, in order to use these skills effectively for the re-patterning of
neurobiological processes and consequently create a new baseline. Therefore, it can be reasonably
assumed that the benefits accrued from MB skills are likely dose-dependent. Despite the recognition
that cost-efficient, safe, and effective MB techniques are readily available and can be used to address a
variety of the aforementioned issues, children and teenagers often don’t practice MB skills, and certainly
not to an optimal level to be able to achieve the best possible therapeutic benefit.

Clinical experience suggests that: (1) although many kids are familiar with the concept of
relaxation, few have learned any formal MB skills; (2) many kids, when asked how they relax,
suggest alternative methods, such as to read a book, do an art project, play a video game, or watch TV,
which may or may not be objectively relaxing in terms of ANS arousal; (3) kids that have learned MB
skills don’t practice them consistently in the appropriate situations; (4) kids that practice MB skills
often get bored with that practice; (5) kids that understand and have practiced some form of MB
skills are not necessarily applying them in a way that could be effective in-the moment; and (6) kids
often don’t believe that a change in their thinking and feeling can really result in a physical change in
the body.

1.4. Technology for Healing

The selective use of technology, although problematic in many ways, can be quite useful for
children and teenagers to learn and practice MB skills, especially for those who have been reluctant to
do so because it is perceived as another boring, non-preferred task, such as homework or household
chores. Most individuals would prefer to interact with electronic media in the age of cellphones,
computers, video game systems, or TV sets. This preference can be used to the advantage of healthcare
providers, by becoming familiar with new “healing technologies”, that can be harnessed to provide
technology-assisted relaxation training and can make the process of learning and practicing effective
MB skills much more engaging, playful, and user-friendly for kids.

Many studies have focused on the potential downside of technology, suggesting that too much
exposure to electronic media and/or exposure to certain types of inappropriate electronic media
content, may have negative impacts on the developing child, such as contributing to a short attention
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span, sedentary behavior, over-arousal, aggressive behavior, depression, insomnia, and unhealthy
food choices related to advertisements. However, not enough attention has been paid to the concept of
utilizing these interactive electronic multimedia devices in order to engage children and teenagers
in constructive, health-promoting, self-care skill development and symptom management. In this
commentary, concepts such as play, therapeutic play, self-regulation, and MB skills, and their
relationship to new electronic media, are reviewed. This commentary also reviews some of the
most helpful software and devices currently used in the field of technology-assisted relaxation.

2. Benefits of MB Skills

MB techniques typically focus on the interactions and connections between the brain, the body,
and the subsequent behaviors. There are many ways in which emotional, spiritual, cognitive,
and psychosocial phenomena can directly affect physical and mental health. A compilation of potential
benefits of practicing MB skills is listed in Table 1.

Teaching self-regulation and/or MB skills of any kind often involves assisting individuals
to achieve a state of improved MB health and healing by shifting the balance of: (1) the ANS
(from sympathetic activity to parasympathetic activity); (2) emotions (from negative to positive);
(3) thoughts (from unhelpful to helpful) and; (4) a sense of control over health status (from external to
internal) [23,33].

Table 1. Potential benefits of mind-body (MB) skills training.

Eliciting the “Relaxation Response”

Autonomic Nervous System Balancing: decreasing sympathetic nervous
system activity while dialing up parasympathetic nervous system activity

Enhanced Emotional Regulation

Training Attention and Cultivating Awareness

Stress Management

Modifying the central nervous system (CNS)

Performance Enhancement

Improved Social Interactions

Improved Decision Making

Increasing Peace and Happiness

Building Emotional and Physical Resilience

Pain and Symptom Management

3. The Interface of Video Games, Self-Regulation and Healing

Many healthcare providers know that, when teaching kids self-care skills, they are more effective
and more likely to be practiced and operationalized, if the skills are customized to the child’s
interests and learning style, and delivered in a way that is playful, non-threatening, developmentally
appropriate, and novel. Delivering treatments through “play” experiences or games, is an ideal,
developmentally appropriate way to proceed in therapeutic interaction, and is often referred to as
“therapeutic play.” Over the past several years, playing video games, texting, and watching online
videos have become popular activities for children and teens [34–36]. What exactly is it that seems to
make video games so popular? One component of their appeal may involve the experience of “mastery”
and being recognized as an expert. For a child with limited opportunities to experience success in
activities such as sports, music, or theater, being talented at video games could have a positive impact
on their self-esteem.
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Additionally, video game designers also know what it takes to engage kids. In their 1983 book
Mind at Play: The Psychology of Video Games, psychologists Loftus and Loftus describe the three elements
that drive the design of successful, addictive video games and make them intrinsically motivating
(i.e., curiosity, fantasy, and challenge) [37]. These concepts are still relevant and can therefore be used
to inform the design of effective MB, self-care strategies for kids. In particular, children aged four to
13 years are developmentally driven towards mastery, have a rich fantasy life, move easily between
real life and their imagination, and are engaged by experiences that are multimedia, interactive,
and novel—thus evoking a strong sense of curiosity. The designers and marketers of computer games,
mobile apps, and related software and gadgets have often exploited these elements in the design of
popular multimedia entertainment that have become highly recognized brand names, such as Final
Fantasy, Angry Birds, Legend of Zelda, and Kingdom Hearts, along with many games based on movies and
cartoons, such as Toy Story, Pokemon and Cars. Interestingly, popular children’s books are now among
the top-sellers for mobile apps, but have also gone far beyond the book form—interactive elements
have been added, such as gaming features and audio enhancements (i.e., entertaining sound effects).

Consequently, technology-assisted relaxation devices have been increasingly designed to harness
the same power, absorption, and fun of these electronic games features and mobile applications,
but for the service of health instead of strictly entertainment. Multimedia interactive game play can be
utilized to connect with the imagistic, emotional, and sensory elements of the right brain for symptom
management and healing. The following section will review the concept of MB skills, along with
current electronics–based options for kids and teenagers that leverage the idea of “therapeutic play”, in
order to practice MB skills at home, at school, or in clinical settings. This listing is not complete, but has
been gathered by the experience of the author, who has personally used the majority of these products
in both inpatient and outpatient settings. Additionally, the paper will review common products
that the author and his colleagues have found useful for supporting children in their regular, daily
practice of MB skills. These products are organized by the type of technology involved: (1) mobile
applications (for smart phones and tablet computers), which only involve software; (2) biofeedback
devices (either stand-alone or computer-based), which involve hardware (a physiological sensor) and
software; (3) other technology-assisted relaxation devices that are specialized portable technologies
involving electrical stimulation.

4. Definitions of MB Skills

1. Breathwork: the conscious control of the rate, rhythm, and depth of breathing; a technique
used in relaxation and meditative practices in order to reduce psychological stress and increase
parasympathetic nervous system activity.

2. Biofeedback: a technique you can use to learn to control your body’s functions, such as your
heart rate, hand temperature, or muscle tension. With biofeedback, you’re connected to electrical
sensors or electromechanical devices that provide you with auditory and visual information
about your body. This feedback helps you to then control a desired physiological function
in a therapeutic direction, which provides the opportunity to more objectively observe the
mind-body connection and understand how a change in thinking or feeling can directly correlate
with a change in physiology.

3. Guided and/or Mental Imagery/Self-hypnosis: commonly invokes all of the five senses in journeys of
imagination (and fantasy) and facilitates an intensification of focus, less attention to peripheral
factors, more awareness of internal events/sensations, and enhanced suggestibility.

4. Meditation and Mindfulness: practices involving concentrated focus or intentional attention
training, in order to increase awareness of the present moment or to reduce stress.

5. Yoga: a Hindu spiritual and ascetic discipline derived from the Sanskrit word yuj, meaning union.
It includes body postures, breathwork, and meditative practices.
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5. Electronic Mobile Applications for Smartphones and Tablet Computers

Mobile apps are often game-like in design and can include features of immersive,
attention-maintaining properties of fantasy and imagery, offer interactivity and control, and can
include useful behavioral change elements, such as symptom assessment, tailored messages, tracking
progress, and goal setting.

5.1. Mobile Apps for Breathwork

5.1.1. Breathe2Relax

According to its website [38], “this (app) is a portable stress management tool which provides
detailed information on the effects of stress on the body and instructions and practice exercises to
help users learn the stress management skill called diaphragmatic breathing.” This app also includes
effective explanations and illustrations of the respiratory system.

5.1.2. Breathing Zone

This is a well-designed mobile app that basically serves as an interactive breath pacer. The user
has the flexibility to pick the beginning breath pace, ending breath pace, and cueing audio for each
breath (chime, water, voice, etc.), along with an optional timer.

5.1.3. Belly Bio Interactive Breathing

This is an interactive app for the iPhone that utilizes the phone’s accelerometer to monitor
proper diaphragmatic (belly) breathing techniques, by providing feedback about the movement of the
user’s stomach.

5.1.4. Breathing Bubbles

Breathing Bubbles is an app that helps kids to practice releasing worries and focus on pleasant
feelings, while using a bubble as a visual representation for this release.

5.2. Mobile Apps for Meditation and Mindfulness

Meditation has been proven to be a helpful tool addressing medical and mental health issues,
for both the pediatric and adult populations [2,31].

5.2.1. Take a Chill

According to the developers [39], “this mobile app offers mindfulness meditation exercises and
texted practice reminders. As a teen, there are moments in your life when you’re really stressed and
just need to ‘Take a Chill’.” This app is full of tools to help manage that stress and incorporate mindful
practices into a daily routine. Using quick mindful exercises and thoughtful activities, teenagers learn
to begin to overcome those moments, whether it’s studying for a test or preventing negative thoughts
and patterns. Features in the app include:

1. Quick Exercises: two illustrated exercises for in-the-moment situations
2. Daily Dose: daily activities to help reinforce concepts and increase your mindful practice
3. Progress: see your progress and activity overtime
4. Reminders: keep yourself motivated with three types of Reminders
5. Motivational Quotes: receive a new motivational quote after each use

5.2.2. Stop, Breathe and Think

The creators [40] state that, “with this app, you can develop and apply awareness, kindness and
compassion in your daily life through a meditative process called Stop, Breathe and Think: (1) Stop:
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Stop what you are doing. Check in with what you are thinking, and how you are feeling; (2) Breathe:
Practice mindful breathing to create space between your thoughts, emotions and reactions; (3) Think:
Learn to broaden your perspective and strengthen your force field of peace and calm by practicing one
of the meditations.”

5.2.3. Smiling Mind

The creators of this app [41] state that, “Smiling Mind is a modern meditation approach, a unique
web- and app-based program developed by psychologists and educators to help bring balance to
people’s lives by teaching meditation and related skills.”

5.3. Mobile Apps for Yoga

Yoga can be used as another helpful tool to address a variety of psychological and physical
conditions of childhood [30].

5.3.1. The Adventures of Superstretch

This is a mobile app [42] that teaches yoga with videos of real kids doing yoga postures,
and animated narrators offering information, instructions, and insight. It is a helpful way to get
sedentary kids moving in a fun, non-threatening process. The app’s designers have declared that “kids
don’t have to be athletes, flexible or fit to do this. We’ve designed it to be non-competitive and even
bring in partner activities to show we’re all in this together. In yoga, there’s no perfect. In each pose,
the kids are just being kids—doing poses the best they can. No need to be perfect, to ‘succeed’ or do it
‘right’. We are allowing ourselves to be present, in the moment. It’s ok to fall out of poses. It’s ok to
laugh, to roar like a lion—in fact, that’s the whole point. Be courageous, creative and just try.”

5.3.2. Yoga by Teens

According to the developers [43], “within this app, kids can join yoga teens, Lauren, Emily and
Jessica Parsons in a class that is designed and taught by teens. Yoga by Teens teaches basic hatha
yoga poses that are fun, challenging and help to build strength and flexibility, as well as develop
self-confidence and self-esteem. Its message is that yoga is for all ages and levels of ability, including
people with special needs.”

5.3.3. Kids Yogaverse: I Am Love

The website [44] claims, “this is a great app which allows kids to calm down and be ready for the
day. It teaches individuals to always think about good things and always know that you are smart.
It is beautifully hand-drawn and incorporates 13 yoga poses for children demonstrated by children.
Get ready to open your heart, expand your mind and reveal that you are the real treasure to love.
The yoga poses help you to stretch out and wake up your mind. The material on this app can be
enjoyed by listening to the book, or reading the book.” Additional interactive features include:

1. Animated Poses: follow the children as they do the real poses through the yoga journey
2. Breath Affirmations: press the Breath button on each page and you will hear a special message

just for you
3. Guess What?: press the Guess What button and learn amazing new facts

5.4. Mobile Apps for Imagery, Movement and More

5.4.1. Healing Buddies Comfort Kit

The author has developed this free mobile app with the local children’s hospital, called the
The Healing Buddies Comfort Kit, for use in children’s hospitals and clinical settings. It provides
an interactive, game-like, colorful, multimedia way for kids and teens to learn a variety of integrative
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and holistic techniques in order to manage bothersome symptoms. It includes guided sessions of
imagery, muscle relaxation, and breathing for a variety of symptoms that kids might experience at
home, in hospitals, or anywhere, such as pain, nausea, fatigue, insomnia, and anxiety.

5.4.2. Me Moves

This app (now available as a digital download) is accessible on tablet computers, cellphones, and
computers. The interaction involves using your arms and upper body to slowly follow and engage in
graceful upper body movements, to the beat of a metronome and lovely background music. Kids with
any kind of over-arousal or anxiety tendencies, including kids with autism and ADHD, can greatly
benefit from this program. The developers [45] state that, “mirroring those on the screen, users are
transformed by the music, images, movement, and the expressive features of emotion. This easy to
use, interactive program has been widely praised by therapists, educators, and parents.”

6. Biofeedback Devices (Stand-Alone, Computer-Based and Smartphone-Based)

Training MB self-regulation skills using biofeedback-based relaxation techniques and technologies
can be quite engaging, interactive, and effective for treating a variety of conditions [1,3], which has
been described by kids as “a videogame for your body”. A therapist might use several different
biofeedback methods. Determining the method that is right for your client depends on their specific
health problems and goals. Biofeedback methods include:

1. Brainwave: also known as an electroencephalograph (EEG) and neurofeedback, this type of device
uses head sensors to monitor brain wave frequencies.

2. Heart rate: this type of biofeedback uses an infrared finger or earlobe sensor,
called a photoplethysmograph, to measure your heart rate and variability (HRV).

3. Muscle: electromyography (EMG) biofeedback, which involves placing sensors on skeletal
muscles to measure the electrical activity that causes muscle contraction.

4. Sweat glands: sensors attached around your fingers or on your palm measure sweat gland activity
(also called electrodermal activity; EDA).

5. Temperature: sensors read the temperature of your fingers/hands that is controlled by blood flow
to the periphery (which is influenced by ANS balance).

6.1. HeartMath Products (Heart Rate Variability)

These products are available as a Mac- or PC-based program with game features (emWave Pro and
emWave Pro Plus), as a mobile app for smartphones or tablet computers (called Inner Balance), or as
a portable, handheld version (called emWave2, which features color changing LEDs that signal the
user about ANS balance and an optimal state of psychophysiological harmony, termed “coherence”.)
The user receives information about the heart rate variability pattern as a proxy for ANS balance
and emotional regulation. HeartMath’s emWave Pro also contains video games, for example one game
challenges the user to color in a picture that starts as black and white as they move into a more optimal
ANS balance and shift to a positive emotional state. Another game format rewards the user with a hot
air balloon ride over beautiful landscapes. With the newest game, dual drive, the user controls the
speed and handling of a sports car by staying in optimal ANS balance. With the portable, handheld
version (emWave2), the user can follow a breathing pacer and will then see a specific LED change
from red (low coherence), to blue (medium coherence), to green (high coherence). Features of “Inner
Balance” include the ability to customize screens with photographs and personally-selected music.
This serves as a great tool for kids with any kind of chronic pain, anxiety, insomnia, tics, or anger
management challenges.
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6.2. Muse (Electrical Brain Activity)

The Muse is a brain-sensing headband that measures electrical brain signals using seven
finely calibrated sensors—two on the forehead, two behind the ears, and three reference sensors.
The headband uses information from these EEG sensors to measure whether your mind is calm and
focused, or active and wandering, and translates that data into active sounds to guide you. There is
a companion app for smartphones or tablets that provides audio and visual feedback to guide training.

6.3. The Pip (ElectroDermal Response)

The skin pores (sweat glands) on your fingertips are sensitive to changing levels of stress. The Pip
accurately captures these changes, and through audio and visual feedback, allows you to be aware
and change your response pattern. It achieves this by detecting variations in your EDA. This product
comes with interactive software to provide audio and visual feedback and summary information about
stress response patterns.

6.4. eSense (Peripheral Temperature Monitor)

According to its website [46], “eSense is a small sensor for measuring your skin temperature with
the microphone input of your smartphone or tablet (Android or Apple iOS.). Hand warming training
is an especially effective and common biofeedback method. The temperature of our hands is connected
to our stress level: when we are stressed, we tend to have cold hands. Immediate feedback enables
you to voluntarily increase the skin temperature in your fingers, thus increasing your peripheral blood
circulation, leading to relaxation and stress reduction. eSense provides you, in various ways, with exact
feedback about your momentary stress level (e.g., with measurement curves, video display and audio
feedback features).”

6.5. Antense (Electromyography)

The developers [47] state that, “the Antense anti-tension device is a simple yet effective way to
eliminate stress by helping you develop a greater sense of body awareness in the comfort and privacy
of your home. A common cause of the discomfort associated with stress or tension is the contraction of
your scalp, face and neck muscles. Learning how to relax these muscles is an essential step toward
relief and prevention of this discomfort. Because these muscles are not normally under your conscious,
direct control, a monitoring or guidance system is necessary to indicate or feedback to you their
level of activity. EMG. The Antense biofeedback device provides this monitoring. The instrument
continuously monitors and averages the EMG activity in the frontalis (forehead) muscle and converts
it into a pleasant tone. Using patented technology, Antense measures these contractions and instantly
converts the signal into a pleasant tone-pitch proportional to the level of muscle tension in your body.
With the variations in the tone as a guide, you can quickly train your muscles to relax relieving the
discomfort and preventing future problems related to tense facial muscles like headaches. By learning
to feel how stress changes your body, you will quickly understand how to release that tension and
stress and learn how to relax at will.”

7. Other Technology-Assisted Relaxation Devices

As technology marches on, there are some additional, very promising gadgets that can assist
individuals in achieving a deep relaxation response and decrease sympathetic nervous arousal,
while enhancing parasympathetic nervous system activity. The available scientific literature regarding
the use of these devices by children and teens is very limited, so they should be used with caution.
However, these devices are generally safe and easy to use, and are available for anyone to purchase,
without the prescription of a healthcare provider. Although there is still only limited research on the
use of these technologies, they are worth considering and have shown promising preliminary results
in adult populations [48–50].
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7.1. Cranial Electrotherapeutic Stimulation (CES)

The concept of applying electrical stimulation for healing purposes has been in use for at least
2000 years. Machines that deliver a small, pulsed electric current across the head are now claiming
efficacy for a variety of medical and mental health conditions. Cranial electrotherapeutic stimulation
(CES) is a technology which applies small levels of electrical stimulation across the cranium, to benefit
patients with issues such as anxiety, depression, insomnia, ADHD, and chronic pain [41,43,44].

One of the developers of a CES product called alpha-stim [51], states that, “our brain basically
creates four different frequencies of brain waves each day: beta, alpha, theta and delta. Alpha waves
are created when we are in a state of quiet, calm, focused contemplation, and are often associated with
meditative states and practices. The CES device sends pulses of very low amperage (i.e., less than
1.0 milliampere) electricity through thin wires attached to electrodes clipped to the ear lobes or stuck
to the skin over the bony prominences just to the front of, or behind each ear. The frequency of the
electrical pulses can be adjusted—usually from 0.5 Hz to 100 Hz—depending on the treatment effect
desired.” You could think of these new gadgets that passively cultivate alpha waves as a passive form
of meditation. Basically, you place small sensors on your earlobes, dial up the device (about the size
of a thick cellphone), and passively enjoy the cultivation of alpha brain waves. Although the exact
mechanisms of alpha wave stimulation are not known, some have claimed that these waves could
promote the release of neurotransmitters, like serotonin, and the elicitation of alpha wave frequencies
in the brain. In alpha wave states, people tend to feel calm, relaxed, and report an enhanced mental
focus. Products include alpha-stim, CES Ultra, and Fisher Wallace (Table 2).

7.2. Audio-Visual Entertainment (AVE)

The brain is capable of being tuned in a remarkable variety of ways. For instance, certain music
or light-pulsing colored sunglasses can significantly alter brain wave frequency, which affects different
functions, depending upon the chosen frequency. Beta waves are associated with active problem
solving, alpha waves with a calm, focused mind, theta with creative thinking, and delta waves with
sleep. Brainwave entrainment refers to any practice intended to cause brain waves to fall into step—or
certain frequencies—by using a periodic stimulus of some type. One potential desirable result of
brainwave entrainment is to synchronize the two hemispheres of our brain with their brainwave
frequency patterns. Potential benefits of hemisphere synchronization include promoting happiness,
optimism, and contentment [52–54].

For simple audio entrainment, products include various music or nature sound CD’s with
embedded beats, vibration, and or therapeutic suggestions. Examples of this include CD’s by Jeffrey
Thompson, and holo-synch and hemi-synch recordings. When pulsing LED lights are added to
audio entrainment, audio-visual entrainment is subsequently created: products include the DAVID,
the Dream Machine, and Proteus (Table 2). Some of the benefits which have been seen from the use of
brain entrainment include: healthier sleep patterns and more restful sleep each night; a greater ability
to relax and meditate (some describe brain entrainment as the ultimate meditation tool); a lowering of
situation-specific and overall stress levels; improvements in cognitive function and creativity; easing of
negative emotions which affect health and happiness; and an overall sense of peace and well-being.

7.3. Transcutaneous (tc) Vagal Nerve Stimulation (tc-VNS)

The concept of influencing neurons with electricity has been used for over a century, when patients
were treated with electro convulsive therapy as a treatment for severe depression. Additionally, and
more recently, transcranial electromagnetic stimulation has also been gaining traction as a treatment
for insomnia and other conditions [55,56]. The vagus nerve originates in the brain and vagal nerve
stimulators electronically signal the vagus nerve (more specifically, they stimulate the afferent auricular
branch of the vagus), which in turn stimulates the release of neurotransmitters in the brain, in order to
generate a calming sensation. Stimulation of the vagal nerve also increases parasympathetic nervous
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system activity, which can potentially elicit a relaxation response. This can occur during the stimulation
session, but also has longer lasting effects to decrease tension, if used daily. Surgically implantable
vagal nerve stimulators are available and have been used to effectively treat seizures and depression.
Wearable devices are now available that provide transcutaneous (tc) stimulation (and which do not
require surgery). As of 2016, a device called Nervana offers an FDA-approved tc nerve stimulator,
which combines music with vagal nerve stimulation in the ear canal, using ear buds.

8. Clinical Tips: Prescribing MB Skills Practice

One of the most important recommendations for prescribing the practice of MB skills to pediatric
patients is to start small, such as a prescription for MB practice for only three to five minutes, once or
twice a day. MB skills are best taught in an organized sequential manner, making certain that pediatric
clients master each step along the way, as follows:

(1) Mind-Body Awareness

a. Learn to discriminate (objectively) the mind-body differences between sympathetic
nervous system arousal (stress) and parasympathetic nervous system dominant states
(relaxation response).

(2) Mind-Body Self-Regulation

a. Learn to modulate (first in a controlled environment) a given psychological or physiological
function, in a therapeutic direction, consistently.

(3) Mind-Body Skill Transfer

a. Apply this ability to self-regulate the mind and body in appropriate life situations,
as needed, “in the moment”.

(4) Mind-Body Reset

a. Restructure (CNS) and rebalance (baseline ANS) with regular daily practice to a calmer,
happier, emotionally resilient pattern long-term.

It is also necessary to prescribe daily practice in two different modes; consistent daily
practices to reset the neurological baseline, along with recommending an “in-the-moment”, brief
application of techniques and technology, to manage acute situations in real life (e.g., feeling stressed,
having a headache, trouble sleeping, getting angry). Have clients try and practice a variety of MB skills
and gadgets so that they can figure out what works best for them. It is also ideal to have multiple
options in one’s “self-care toolkit” and to request that parents provide rewards for regular practice and
effort shown. Clients should also focus on keeping a symptom diary, and describe practice frequency,
length, and daily situations they find challenging, stating whether any MB skills that they had tried
were helpful. A summary of potential MB resources to recommend to patients is listed in Table 2.

Table 2. List of MB resources.

Biofeedback Other Technology-Assisted Relaxation Techniques Mobile Apps

HRV Biofeedback
www.heartmath.com

AVE-Audio Entrainment
www.soundstrue.com
www.centerpointe.com
www.hemisynch.com

Breathing
www.t2health.dcoe.mil
www.breathing.zone
www.bellybio.com

EDA Biofeedback
www.thepip.com

AVE-Audio Visual Entrainment
www.mindalive.com
www.mindmachines.com
www.deepakchopradreamweaver.com

Me Moves
www.thinkingmoves.com

EMG Biofeedback
www.lifematters.com

CES
www.alpha-stim.com
www.cesultra.com
www.fisherwallace.com

Healing Buddies Comfort Kit
www.healingbuddiescomfort.org
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Table 2. Cont.

Biofeedback Other Technology-Assisted Relaxation Techniques Mobile Apps

TEMP Biofeedback
www.mindfield.de

tc-VNS
www.experiencenervana.com
www.cerbomed.com

Meditation
www.buddhify.com
www.stopbreathethink.org
www.stressedteens.com
www.smilingmind.com.au

EEG Biofeedback
www.choosemuse.com

Yoga
www.adventuresofsuperstretch.com
www.kidsyogaverse.com

MULTIMODAL BF
www.wilddivine.com

HRV: heart rate and variability; AVE: audio-visual entertainment; EDA: electrodermal activity; CES:
cranial electrotherapeutic stimulation; EMG: electromyography; tc-VNS: transcutaneous vagal nerve stimulation;
TEMP: temperature; EEG: electroencephalograph; BF: biofeedback.

9. Conclusions

The intention of this commentary was to provide an entertaining and informational perspective
on the interface of technology, mind-body skills, and effective patient care for pediatric healthcare
providers of all kinds. The reality is that computer games, interactive mobile apps, and other
health-related gadgets are no longer just a trivial activity played by individuals for fun, but can
now be utilized for various educational and therapeutic purposes. Consequently, the author intends to
highlight the benefits of utilizing technology-assisted relaxation devices and strategies to enhance the
practice of MB skills in children and youth in the service of healing and wellness promotion.

Well-designed computer games/apps have the potential to engage the player and are often
designed to be intrinsically motivating, in order to encourage frequent use (the Journey to Wild Divine
home biofeedback system serves as a good example of this) [57]. If technology-assisted relaxation
devices and software provide positive reinforcement, mastery, and curiosity, kids and teens will
be more willing to utilize them again, and therefore, therapeutic benefits can be gleaned from this
approach. Although the use of technologies can be increasingly problematic in the life of children
and teens, they can also be harnessed and adapted for therapeutic purposes. Technology-assisted
relaxation can be quite useful (when carefully explained, prescribed, monitored, and utilized) as
a culturally-syntonic vehicle to facilitate the regular practice of health-promoting MB therapies, such as
breathwork, yoga, biofeedback-based relaxation, and mindfulness meditation. Therefore, healthcare
providers should focus on understanding the latest technology available, and promoting self-regulation
through MB skills training, which is known to provide benefits to humans of all ages.

In this age of rapid technological advancements, we could begin to imagine what the next frontier
looks like: combining the best of the graphic design and multimedia arts, music, play, computerized
hardware/software applications, and new miniaturized technologies for the creation of “therapeutic
play” products, tools, and techniques for the next generation. Will the most effective therapists and
pediatricians deliver their training on tablets and touch screen cellphones? Will clients check in
regularly online via these devices? Will physiologic sensors be added into clothing or jewelry for
additional information and options for more precise control of mind and body? As we continue to
explore the interface of the arts, biomedical technologies, and healthcare endeavors in the service of
healing, tremendous potential is available to develop new ways in which electronic media can enhance
health and healing for kids and teenagers across a variety of settings, although vigilance is still needed
to combat the potential downside to the overuse of technology [34].

Technology-assisted relaxation devices, in the form of computer games and electronic mobile apps,
will certainly be part of the future of pediatric healthcare. Design features that optimize these healing
technologies must take into account the specific client‘s play style, audio and visual preferences,
developmental stage, and attention span. These products should support patients in a variety of
ways, including promoting health literacy and improving self-regulatory abilities, both physically and
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psychologically. From a personalized healthcare perspective, computerized games utilized to promote
health and wellness can provide a new source of information about patient preferences, health status,
psychophysiological response patterns, and self-care abilities. Healthcare providers will hopefully
find creative ways to utilize technology in care planning, as a way to enhance treatment adherence
with recommendations to practice MB skills, and ultimately, to improve outcomes for the children,
teenagers, and families we serve.
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Abstract: Pain is a significant public health problem that affects all populations and has significant
financial, physical and psychological impact. Opioid medications, once the mainstay of pain therapy
across the spectrum, can be associated with significant morbidity and mortality. Centers for Disease
and Control (CDC) guidelines recommend that non-opioid pain medications are preferred for chronic
pain outside of certain indications (cancer, palliative and end of life care). Mindfulness, hypnosis,
acupuncture and yoga are four examples of mind–body techniques that are often used in the adult
population for pain and symptom management. In addition to providing significant pain relief,
several studies have reported reduced use of opioid medications when mind–body therapies are
implemented. Mind–body medicine is another approach that can be used in children with both acute
and chronic pain to improve pain management and quality of life.

Keywords: mind–body medicine; pain management; pediatrics; acupuncture; yoga; meditation; hypnosis

1. Introduction

Pain is a significant public health problem leading to lost days of school and increased use of
the healthcare system. Pain affects all populations and can significantly impact quality of life [1].
Over 11 million children have special health care needs and about 60% of them have difficulty
participating in any activity [2]. In one cross-sectional study of pain prevalence in a pediatric hospital,
the authors found that out of 241 patients, 27% had pain at the time of admission and 77% experienced
pain at some point during their admission; what is more, pain medication was found to be single-agent
and administered irregularly [3].

In recent years, opioid diversion, as well as the overuse and over prescription of opioid
medications, have come to the forefront as a significant public health concern. Integrative medicine uses
a patient centered approach to combine conventional medicine with evidence-based complementary
approaches. Integrative therapies such as mind–body medicine can provide a non-opioid and
nontoxic approach to pain management across the spectrum. Even in the case of end-of-life care [4,5],
integrative and mind–body therapies are recommended [4,5]. For example, the Hospice and Palliative
Nurses Association’s most recent position statement supports and encourages the competent practice
of complementary therapies for the purpose of promoting holistic end-of-life-care.
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2. The Problem

2.1. What Is Pain

Pain can be defined as an unpleasant sensation. In some cases, pain is a warning sign of actual
or potential tissue damage. However, dysregulation of the nervous system can also lead to a pain
sensation when there is no present danger [6,7]. In addition to the physical sensation, pain behaviors
are also influenced by pain perception. In a recent randomized control trial, pain sensitivity was
assessed in over 700 adult patients with major depression. It was found that those suffering from major
depression had higher pain sensitivity even after adjusting for factors such as poor sleep and physical
inactivity [8]. Severity of anxiety also predicted decreased pain threshold.

Chronic pain is known to be associated with changes in not only brain function, but also in brain
structure. In 2013, researchers demonstrated that the brain areas that were activated in acute low back
pain for example were limited to regions involving acute pain; in the chronic pain group, activity was
found in the emotion-related circuitry of the brain [9].

Pain perception and experience in the pediatric population is complex and multi-faceted,
including but not limited to the nidus of pain itself, the fear of pain, previously developed pain
memories, and familial influence. Acute pain is usually classified as pain lasting less than three months
with a sudden onset that is often related to tissue damage. When considering the development of
chronic pain in pediatrics, typically defined as pain persisting beyond three months or beyond the
expected duration of healing, a fear-avoidance response can emerge, leading to a self-fulfilling cycle
made up of pain, emotional distress, and functional disability [10]. In pediatrics, there is also an added
complexity when considering developmental stage and parental influence. Not only do parents often
have to serve as the surrogate communicator for the patient, parents own magnification, rumination,
and anxiety surrounding pain influences the child and vice versa, leading to increased pain sensitivity
and fear-avoidance behaviors [11]. It is clear that pain is not as simple as a noxious stimulus to an
extremity that sends a danger signal to the brain.

2.2. The Opioid Crisis

Increases in opioid prescriptions have been noted over the past decade [12–14]. The opioid
overdose and death rates have also been noted to increase [15–20]. 2016 Centers for Disease and
Control (CDC) guidelines state that that non-opioid therapy is preferred for chronic pain outside
of active cancer, palliative and end-of-life care in patients over the age of 18 years. Inappropriate
medication use and dosing can lead to death and disability [15–20]. At times, significant morbidity
can result even when recommended dosage ranges are used [15–20]. For example, deaths have been
described with the use of codeine despite dosages prescribed in the recommended range. In the case
of codeine, the prodrug must be converted into morphine in the liver via the cytochrome P450 2D6
system and drug over or under conversion may be the result of genetic variation [21]. Furthermore,
tolerance, withdrawal, and dependence present a problem even in the pediatric population and the
neuropsychological effects of opioids may also be a cause for concern [22–25]. Opioid medications can
play an important role in the treatment of pain; however, a pain management plan is not complete
without including mind–body therapies.

2.3. Pain in Pediatrics

In pediatrics, pain, both acute and chronic, is often under-recognized and under-treated [26].
Studies have shown that up to 40% of children experience pain at least weekly, and conservative
estimates say chronic pain affects 20% to 35% of children and adolescents around the globe [27].
Despite this significant prevalence, pain often goes under-addressed. A large-scale study involving
eight pediatric hospitals observed inadequate pain assessment and management for patients
undergoing painful procedures, reporting that less than one-third of patients had documentation of
one or more pain management interventions [28]. When pain becomes chronic, significant physical
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and psychological tolls are experienced by both the patient and their families. Often the pain itself
continues into adulthood, with 17% of adult chronic pain patients reporting a history of chronic
pain in childhood/adolescence [29]. In addition, patients with chronic pain are at increased risk for
several comorbidities, including many psychiatric disorders, hyperactivity disorders, social disability,
and educational/occupational disability [10]. This patient population also has increased use of medical
services, with healthcare costs for children with moderate to severe chronic pain averaging 19.5 billion
annually [30]. Despite approximately 1.7 million children affected by chronic pain in the US alone
with approximately 20% of cases having developed from acute post-operative pain, assessment and
management of pain in pediatrics continues to be a challenge [26,31]. Mind–body medicine can provide
a different approach. The mind–body approach is one in which the strengths of the patient and family
are considered. In addition, this approach focuses on designing a treatment plan that is efficacious
and minimizes the need for opioid medications. Mind–body remains a relatively novel approach
in medicine. Although most of the current literature focuses on adult populations and on the more
conventional psychological therapies (e.g.; cognitive behavioral therapy and dialectical behavioral
therapy) that share similar inherent characteristics with mind–body approaches [32–34], there is a
growing body of evidence that supports other mind–body therapies as effective and practical treatment
approaches in pediatrics [35–39], particularly in the symptomatic treatment of cancer [4,40–45].

3. The Mind–Body Approach to Pain

3.1. The Use of Mind–Body Medicine in Pain Management

The American Academy of Pediatrics’ clinical report on Mind–Body Therapies in Children and
Youth describes mind–body therapies as those that focus on the interaction between the mind and the
body, with the intent to use the mind to influence physical functions and directly affect health [46].
Mind–body therapies show promise as adjunct and at times primary treatment for pain in children
and adults, and can be used across the spectrum. For example, diaphragmatic breathing stimulates the
vagus nerve and promotes the relaxation response. The vagus nerve, an essential component of the
autonomic nervous system, affects many of the body’s internal organs including: the heart, lungs, liver,
spleen, kidneys and gastrointestinal tract. As with many therapies, a development-based approach
is essential. Teens can use complex imagery, while younger children can be taught diaphragmatic
breathing techniques with simple imagery, such as blowing a balloon or blowing out candles. A toddler
can be encouraged to engage in diaphragmatic breathing with the use of bubbles or pin wheels.
For infants or children with severe cognitive disabilities, rocking and rhythmic womb or heartbeat
sounds are techniques that can encourage diaphragmatic breathing.

These techniques are well tolerated in children [36,44,47,48] and can be used in a developmentally
appropriate manner to serve as adjunct or primary pain management [47,48]. Furthermore, a reduction
in opioid use may be seen. One study demonstrated a greater than 60% reduction of opioid-like
medication usage following routine surgery when acupuncture was used [49–51]. Although more
research is needed in the pediatric population, given the low risk and low cost of many of these
techniques [52–54] for patients and potentially for insurance companies as well, their use is encouraged
to enhance symptom management whenever feasible. In the next section, we give an overview of
selected mind–body therapies and their function and applications in the management of pain in the
pediatric population.

3.2. Selected Mind–Body Approaches

3.2.1. Meditation and Mindfulness

Over the past few decades, mindfulness has emerged as a fundamental component of numerous
therapies and interventions for a wide spectrum of clinical aliments [55]. Mindfulness, described as
“the awareness that emerges through paying attention on purpose, in the present moment,

65



Children 2017, 4, 50

and non-judgmentally to the unfolding of experience moment by moment”, is a meditation practice
with ancient Buddhist origins that focuses on experiencing the present moment unobstructed
by bias or judgmental thinking in an effort to improve cognitive and emotional well-being [56].
One such application of mindfulness is Kabat Zinn’s Mindfulness-Based Stress Reduction (MBSR),
a group intervention first introduced in 1990 that focuses on mindfulness meditation training as
a complimentary therapy to the standard medical treatment of chronic pain and illness [57–64].
Research has suggested that mindfulness can improve symptoms associated with medical illnesses and
increase quality of life [65]. From a neuroscientific perspective, magnetic resonance imaging (MRI) and
functional magnetic resonance imaging (fMRI) studies have been conducted in hopes of identifying the
neural mechanisms that are responsible for the efficacy of mindfulness meditation in pain relief [66–73].
In one study, thirteen skilled Zen mediators, each having had a minimum of 1000 hours of meditation
experience, were recruited and experimentally exposed to pain via thermal stimuli while in an MRI [70].
During exposure to pain, the meditators exhibited increased brain activation in the insula, thalamus,
and midcingulate cortex; areas associated with the sensory aspect of pain. Additionally, decreases in
brain activity were observed within the hippocampus, amygdala, and caudate; areas responsible for
the recollection, emotion, and appraisal components of pain, respectively. The authors concluded
that the participants were completely aware of the sensation of pain but were able to inhibit the
appraisal and emotional responses of pain. In other words, changes in the perception of pain were
facilitated through the cognitive and affective components of the pain matrix rather than through the
sensory properties of pain. Furthermore, the differences in brain activity were found to be inversely
proportional to meditation skill level, establishing a correlation that supports the authors’ hypothesis in
regards to meditation’s therapeutic effect on pain. As for neurophysiological findings, structural MRI
results overlapped with the fMRI results: meditators were found to have thicker grey-matter in the
same pain-related regions of the brain where changes in functional activity were observed [66,68,69].

In terms of overall clinical outcome research, controlled trials of adults suffering from various
forms of chronic pain (chronic low back pain, chronic headache/migraine, chronic neck pain,
arthritis, cancer, and fibromyalgia) have indeed demonstrated improved pain ratings in regards
to multiple dimensions of pain including intensity, acceptance, functional limitations, quality of life,
and psychological well-being [62]. Nonetheless, mindfulness as it relates to pain in children has not
been extensively studied and although mindfulness meditation has shown to be beneficial in classroom
and school settings for improving psychological distress [74–77], more research is required in order to
determine whether the same effects can be translated in children and pediatric medicine.

3.2.2. Hypnosis

Hypnosis as a form of therapy has a long history and has been widely used across various
disciplines of health care. While the current research establishes hypnosis as a beneficial treatment for
the management of pain in regards to both acute medical conditions, such as trauma and post-operative
care, and chronic medical conditions, such as cancer and sickle cell anemia [78–80]; it is only since the
1980s that it has been meaningfully applied to pediatric care [81,82].

In general, hypnosis includes three phases: induction, suggestion, and emergence [82]. During
induction, the provider encourages patient relaxation by asking them to imagine a calm and serene
setting on which they can focus all of their attention. Next, the patient is given therapeutic suggestions
to achieve the desired effect. Lastly, the patient is asked to leave their imagined setting and to return
to normal consciousness. Hypnosis for pain management follows this same protocol with a focus on
suggestions that either turn down or decrease pain perception or increase pain thresholds [83].

Given the significance of the suggestion stage of hypnosis, an important factor in clinical outcomes
is the degree to which an individual is responsive or susceptible to hypnotic suggestions—a trait that
is often referred to as hypnotizability. Of note, studies that have attempted to measure hypnotizability
among children via the Children’s Hypnotic Susceptibility Scale and the Stanford Hypnotic Scale for
Children have shown a positive correlation between hypnotizability [84,85] and age, thus suggesting
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that hypnosis may be an especially viable form of therapy for pain management in the pediatric
population [82].

Taking a neuroscientific approach, neuro-imaging studies have attempted to measure the effects
of hypnosis on the neuroanatomy and the neuro-cognitive functions of the brain in the context of
pain [85–88]. In other words, many researchers have set out to investigate how hypnosis affects the
brain’s neural-networks and physiology that in turn, are responsible for the perception of pain within
an individual. This “pain matrix”, as it has been described, is comprised of specific areas of the brain
that collectively produce the experience of pain. In the simplest summary of the current literature,
the components of the pain matrix include: the prefrontal cortex, frontal lobes, anterior cingulate cortex,
primary and secondary somatosensory cortices, thalamus and insula. The cerebellum, though not
technically a component of the pain matrix, also plays a role. Using fMRIs to measure brain activity
during hypnosis, researchers have concluded that by influencing activity in the various components of
the pain matrix, hypnosis is indeed able to have a collective therapeutic effect on pain.

Research focusing on clinical and experimental outcomes has also yielded positive results.
A meta-analysis performed in 2000 of 18 studies found hypnosis to have a moderate to large
analgesic effect [78]. When compared to groups receiving standard treatment and groups receiving no
treatment, 75% of participants receiving hypnotic suggestion experienced a greater analgesic effect.
Furthermore, the effect was seen with both clinical and experimental pain with no significant difference
between the two settings.

Hypnosis is a tool that carries minimal risk when used appropriately for pain management.
It can be used by patients as well as practitioners. The goal is often to instruct the patient on the
hypnotic technique so that hypnosis will become a tool of empowerment that the patient is able to
use themselves at appropriate times for symptom management. It is important to note that hypnosis
should only be performed by an appropriately trained practitioner and only to treat conditions that
the practitioner is competent to treat.

3.2.3. Yoga

Yoga is another mind–body modality that should be considered in the management of pain.
In brief, the ancient practice of yoga aims to unite the mind, body, and spirit through different
isometric exercises, body poses, and mindful breathing. The goal is to optimize body functioning and
reconditioning, skeletal realignment, and blood/lymph flow to the tissues [89]. Beyond the biophysical
benefits, yoga is also inexpensive, can be practiced by people of any age and physical skill level,
and can be performed almost anywhere. The side effects are minimal, with the most common being
musculoskeletal injury, often resulting from inappropriate supervision and/or technique [90].

Growing research has shown yoga to be an effective therapy for chronic pain among adults,
but studies remain limited for the pediatric population [91]. In a 2006 meta-analysis, when yoga was
incorporated into school curricula, improvements in academic performance, behavior, concentration,
emotional balance, and self-esteem were all seen [92]. Regular practice of yoga has been associated
with improvement in mood and function in patients suffering from depression [93].

These same techniques can be of great benefit in the management of chronic pain in particular.
One pilot study of a yoga program in pediatric patients with Irritable Bowel Syndrome (IBS) and
functional abdominal pain, demonstrated significant decreases in pain frequency and intensity, as well
as improved quality of life per parents report [94]. A study of 30 children, aged 11–18, with amplified
pain syndromes enrolled in an intensive interdisciplinary pain rehabilitation program incorporating
5–6 h of yoga weekly demonstrated improved pain and functioning without the use of pharmacology
therapy [95]. Positive effects have also been shown in pediatric patients with rheumatoid arthritis [96].
Current evidence is encouraging, but more large-scale research is still needed to determine the efficacy
of yoga in the treatment of pediatric chronic pain [39].
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3.2.4. Acupuncture

Acupuncture has been a focus of Traditional Chinese Medicine (TCM) for thousands of years and
since its introduction into western medicine, it has become one of the most popular complementary and
alternative medical (CAM) therapies in the US [97]. First acknowledged as a medical therapy by the
National Institute of Health (NIH) in 1997, the number of licensed acupuncturists in the US has grown
exponentially over the decades with over 27,000 licensed acupuncturists in 2013—a one hundred
percent increase from 2000—and an estimated one million annual American consumers. In 2001,
Battlefield Acupuncture, an auricular acupuncture procedure, was developed by Richard Niemtzow
as a simple and effective method for rapid pain relief that can be performed with minimal training by
non-licensed acupuncturists [98–100]. Since then, it has since been utilized in emergency rooms and
has been taught to US military and North Atlantic Treaty Organization (NATO) personnel for use in
both medical and battlefield environments [99,101].

Research into the efficacy of the therapy has also increased over the years with many studies
demonstrating acupuncture to be more effective at treating chronic pain than placebo, standard care,
and no care [102–112]. Acupuncture is a viable alternative for the treatment and management of
acute and chronic pain across various illnesses [22,103,113–115]. One overview of Cochrane reviews
concluded that acupuncture demonstrates effectiveness as a treatment for pain associated with
migraines, tension headaches, neck disorders, arthritis, and low back pain [104].

Research studies aiming at understanding the physiological and neurological mechanisms that
make acupuncture an effective therapy have produced interesting results that have served as the
basis for several potential hypotheses [107,116–129]. Many researchers believe that acupuncture
stimulates nerves and muscles located within the acupuncture points and trigger a release of
neurochemicals endorphins such as serotonin, oxytocin, and endogenous opioid peptides and
therefore result in an analgesic effect [117,123,127]. However, while substantial research has shown
acupuncture to be an effective therapy for pain among the adult population, there is limited research
on acupuncture in regards to the treatment of pain among pediatric patients. Nonetheless, what
little research does exist concludes that acupuncture is an effective and feasible therapy option for
pain in pediatric populations [48,103,130–134]. One study in the pediatric intensive care unit (PICU)
that used acupuncture for acute post-operative pain in children showed that acupuncture was highly
accepted and well tolerated without morbidity. In addition, the majority (70%) of patients and families
surveyed believed that acupuncture helped their pain. This particular study used the Japanese form
of acupuncture with fine needles for older children and Shonishin (a non-needling technique using
special tools) for those who were younger than two years of age [135]. A number of other articles have
also shown some perceived pain relief without significant adverse effects due to acupuncture. [136,137]

Though acupuncture is safe when administered by appropriately trained and credentialed
practitioners, there are some children who have a fear of needles or for medical reasons such as low
platelet count or immunodeficiency that may not be recommended to receive acupuncture. For those
patients, other techniques such as Shonishin or acupressure can be employed.

4. Discussion: H.O.P.E, A New Paradigm

The use of mind–body techniques in pediatrics can be a powerful adjunct to empower patients and
their families and to give them hope for a brighter future with improved quality of life. In partnership
with their physicians, families can begin to uncover what is in their tool box for pain and symptom
management. One such framework developed by us is the pneumonic: H.O.P.E. We have used H.O.P.E.
with success in clinical practice with families as a strategy for approaching pain management. H.O.P.E.
addresses four essential components in the evaluation of pain and of the treatment plan. It is described
in more detail below.

• H: How has the pain affected you and impacted your quality of life? How have they addressed
the pain in the past and what therapies have been used?
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• O: Observations about previous management approaches. What have they observed?
What worked and what did not? What makes the pain perception worse?

• P: Plan for the future, set goals and determine the treatment plan.
• E: Evaluate the efficacy of the plan and manage expectations.

In addition to understanding what pharmacologic, non-pharmacological and integrative options
are available; it is also important for all parties involved to discuss goals of care. In fully unpacking
the child and family’s needs, appropriate recommendations for pain management can be made.
Recommendations will be different based on the clinical condition and goals of care.

5. Conclusions

Mind–body medicine provides an important approach to the management of both acute and
chronic pain in the pediatric population. There are many modalities that are underutilized in pediatrics
including mindfulness, hypnosis, yoga and acupuncture. It is important to note that these can be of
significant benefit with minimal risk. Mind–body approaches can be used alongside conventional
treatment or in some cases as the primary treatment for pain. Though more research is needed;
the mind–body approaches discussed are recommended for patients who have no underlying
contraindications. As our understanding of pediatric pain and pain management continues to mature,
mind–body medicine is an area that is ripe for future studies and investigations.
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Abstract: Preterm birth affects about 10% of infants born in the United States. Massage therapy is
being used in some neonatal intensive care units for its potential beneficial effects on preterm infants.
This article reviews published randomized controlled trials on the effects of massage in preterm
infants. Most studies evaluating the effect of massage in weight gain in premature infants suggest
a positive effect on weight gain. Increase in vagal tone has been reported in infants who receive
massage and has been suggested as a possible mechanism for improved weight gain. More studies
are needed on the underlying mechanisms of the effects of massage therapy on weight gain in
preterm infants. While some trials suggest improvements in developmental scores, decreased stress
behavior, positive effects on immune system, improved pain tolerance and earlier discharge from
the hospital, the number of such studies is small and further evidence is needed. Further studies,
including randomized controlled trials, are needed on the effects of massage in preterm infants.

Keywords: infant massage; preterm; premature; newborn; neonate; weight gain; hyperbilirubinemia;
mind–body; randomized controlled trial; tactile-kinesthetic stimulation

1. Introduction

Preterm birth (birth at <37 weeks of gestation) affects about 10% of infants born in the USA [1].
Premature infants often spend weeks or months in intensive care unit due to immaturity and need for
intensive medical care, with hospital stay often prolonged by feeding immaturity and slow weight
gain. Massage therapy is being used in some neonatal intensive care units for its possible beneficial
effects with minimal side effects. This article reviews published randomized controlled trials on the
effects of massage in preterm infants.

A PubMed search was performed for randomized controlled trials (RCTs) of massage in preterm
infants. RCTs in English and indexed in PubMed by January 2017 were included. Studies assessing the
effects of massage on caregivers only were excluded. A total of 34 randomized controlled trials on the
effects of massage in preterm infants are reviewed [2–35].

2. Results

The outcome most commonly assessed on randomized controlled trials of massage in preterm infants
(Table 1) was weight gain, either as primary or secondary outcome [2,5,8–10,12,15–19,21,26,28–31,33–35].
Other outcomes assessed in RCTs of massage in preterm infants include levels of transcutaneous
bilirubin [3], sleep [4,26], calorie intake [5,17,19,30,33–35], vagal activity [5,19,24,26,29,30], gastric motility
or number of stools [3,24,30], heart rate variability (HRV) [6,7,19,24,30], immunologic parameters [12],
bone metabolism [11,32], changes in electroencephalogram (EEG) [13], behavior and/or
neurodevelopment [14,15,23,26,28,29,31,34,35], pain [25], length of hospital stay [12,16,18] and levels
of serum markers such as insulin-like growth factor I (IGF-1) [8,19], adiponectin [8], and serum
triglycerides [9,27,31].
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Most randomized controlled trials compared massage to standard care [2–4,6–9,11–14,16–35],
while some compared oil massage to massage without oil [10], tactile massage to kinesthetic
stimulation [5] and massage to light still touch [15]. While the type of massage used varied
between studies, most studies assessed the effects of the tactile-kinesthetic stimulation (TKS)
type of infant massage originally described by Field et al. in 1986 [36] or a modified version
of TKS (Table 1). Modifications of TKS included shorter or longer duration of massage as well
as elimination of kinesthetic range of movement exercise with only tactile stimulation provided.
Other massage types evaluated include oil massage combined with either TKS or other standardized
technique [2,9,10,27,28,31], Vimala massage [17] and acupressure and meridian massage [21].

In the following sections the outcomes of these studies as well as limitations are briefly reviewed.
For number of study participants, gestational age, age at the time of study entry, and duration of
massage intervention see Table 1.

2.1. Weight Gain

Weight gain, either as primary or secondary outcome is the most commonly assessed outcome
in randomized controlled trials of massage in preterm infants [2,5,8–10,12,15–19,21,26,28–31,33–35].
Most studies have demonstrated a significantly greater daily or overall weight gain during
the study period in massage group compared to control group [2,9,10,12,17,19,21,26,28,30,33–35]
while some studies did not show a statistically significant difference in weight gain between
groups [5,8,15,16,18,29,31]. Massaro et al. [16] evaluated the effects of massage or massage + kinesthetic
stimulation on weight gain and length of hospital stay in a study of 59 infants who were randomized
to massage only (n = 19), massage and kinesthetic stimulation (n = 20) or control group (n = 20).
After controlling for covariates (birth weight, gestational age, caloric intake, etc.) the infants whose
birth weight was >1000 g benefited from massage with a significantly higher average daily weight gain
with more pronounced effects in infants who received massage + kinesthetic stimulation (p = 0.012) [16].
To study the possible contribution to weight gain of medium chain triglyceride (MCT) oil used in
massage therapy (via absorption of oil through the skin) Saeidi et al. compared the effects of massage
with MCT oil to massage without oil and controls (with no massage) and demonstrated a significanly
higher weight gain during the 7-day study in the group that received massage with MCT oil compared
to massage only (p = 0.002) and controls (p = 0.000) [2]. The mean weight gain during the study period
in the MCT oil massage group was 105 ± 1.3 grams compared to a gain of 52 ± 0.1 grams in the
massage only group and loss of 54 ± 1.3 grams in the control group [2].

2.2. Caloric Intake and Expenditure

Some studies have evaluated the effects of massage on caloric intake [5,8,17,19,30,33–35] and
its possible connection to weight gain in preterm infants. Most studies did not show a difference in
caloric intake between infants who received massage compared controls despite statistically significant
higher weight gains in infants who received massage [8,17,19,30,33,34]. A study by Diego et al. showed
increased calorie intake in infants who received kinesthetic stimulation compared to those who received
tactile stimulation only, no difference in weight gain between the two groups [5]. Scafidi et al. evaluated
factors that predict higher weight gain in infants who receive massage and a higher caloric intake was
one of the factors that predicted weight gain [35]. One study evaluated energy expenditure in preterm
infants, which was reported to be lower after a 5-day study period in infants who received massage
compared to controls [22] suggesting that a decrease in energy expenditure may be in part responsible
for the enhanced growth caused by massage therapy.
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2.3. Vagal Tone

Increased vagal activity induced by massage has been suggested as one potential mechanism for
higher weight gain in infants who receive massage therapy. Vagal activity in most studies is assessed
by measuring heart rate variability (HRV) with increased high frequency (HF) variability indicating
higher vagal tone [37]. All studies that evaluated vagal activity demonstrated an increase in vagal
tone in infants who receive massage [5–7,19,24,26,29,30]. However, in two studies, the increased vagal
effect was more pronounced in male infants [6] or was demonstrated only in males [7]. In a study by
Diego et al. comparing the effects of tactile to kinesthetic stimulation (the two components of TKS
massage [36]), an increase in vagal tone measured by HRV was only noted in in the tactile group
in group-by-time analysis (p = 0.01), whereas a decreased vagal tone was noted in infants receiving
kinesthetic range of motion excercises only [5].

2.4. Gastric Motility

Massage-induced increases in vagal activity may lead to increased gastric motility, which has also
been suggested as a possible mechanism for increased weight gain in infants who receive massage
therapy. Gastric motility or number of stools have been assessed in three studies [3,24,30]. In infants
who received massage therapy, significantly increased gastric motility during and immediately after
massage and decreased tachygastria has been reported [24,30]. This increase in gastric motility was
significantly correlated with increased weight gain and vagal tone [24,30]. During a 4-day study which
evaluated the effects of massage on transcutaneous bilirubin levels and stool frequency, a significantly
increased stool frequency was reported in the massage group compared to controls during the entire
study period (day 1: p = 0.001, day 2: p = 0.02, day 3: p = 0.01 and day 4: p = 0.04) [3].

2.5. Immunological Effects

Two randomized controlled studies have reported on the effects of massage in immunological
parameters and incidence of infections in preterm infants [12,18]. Absolute number of natural killer
(NK) cells, white blood cells, B and T cells, and T-cell subsets were not statistically different between
the groups. Number of infections did not differ between the groups. While the mean absolute NK cell
number was not statistically different between the massage and control group, the adjusted mean NK
cell cytotoxicity was higher in the massage group (p = 0.05) [12]. Mendes et al. reported on significantly
lower incidence of late-onset sepsis in massage group (p = 0.005) [18]. The incidence of late-onset sepsis
was 38.3% (18/47 infants) in controls compared to 10.9% (5/46 infants) in massage group. No serum
immunological markers were reported in this latter study.

2.6. Bone Metabolism

Preterm infants have increased morbidity from osteopenia [38]. Physical activity stimulates
bone formation. Two studies have evaluated the effects of massage therapy with physical activity
on bone metabolism in preterm infants (Table 1) [11,32]. Physical activity was defined either as
kinesthetic movement part of TKS massage [11] or a similar daily range of motion exercise, with
gentle compression and extension/flexion to both upper and lower extremities [32]. Aly et al. reported
an increase in serum type I collagen C-terminal propeptide (PICP, marker of bone formation) in the
massage group (p < 0.01) compared to baseline, while PICP decreased in controls group (p < 0.01).
This change differed significantly between the groups (p = 0.0001), suggesting increased bone formation
in massage group. Furthermore, serum parathyroid hormone (PTH) level increased in the massage
group while it decreased in the control group (p < 0.001).

2.7. Behavior, Sleep and Neurodevelopment

Yates et al. studied the effects of TKS massage on sleep efficiency in preterm infants in a crossover
study [4] and found no significant difference between groups for sleep efficiency (p = 0.13). More infants
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were reported to sleep on the non-massage day (p = 0.026) [4]. Several studies have assessed the effects
of massage on behavior and/or neurodevelopment of preterm infants [14,15,23,26,28,29,31,34,35].
Most studies have reported on immediate behavioral effects of massage [15,23,26,28,29,31,34,35] and
only one randomized controlled trial has reported on long term neurodevelopmental outcome [14].
Massage groups were reported to have significantly less stress-related behaviors (crying, fidgeting)
than controls in three studies [23,26,34], no difference between the groups in two [28,31], and one study
reported increased crying and fidgeting in infants who received massage [29]. Ho et al. reported on a
higher gain in motor performance score (Test of Infant Motor Performance, TIMP) in very low birth
weight (VLBW) infants who received massage and who had a below-average pre-study score compared
to a control group who received light touch (p = 0.043) suggesting that massage may have positive
effects in motor outcomes in a subgroup of VLBW infants who have low motor performance [15].
Procianoy et al. compared neurodevelopmental outcomes (Psychomotor Development Index, PDI and
Mental Development Index, MDI) at 2 years of age between preterm infants who had received massage
intervention during hospital stay and controls [14]. Infants who had been randomly assigned to
massage therapy group or control group during their hospital stay both received skin-to-skin care.
Growth and neurodevelopmental outcome were evaluated in both groups at 2 years corrected age.
Growth at 2 years corrected age did not differ between the groups. The massage group had slightly
but not significantly higher PDI score (p = 0.072) and significantly higher MDI scores (p = 0.035) than
controls [14].

2.8. Length of Hospital Stay

Length of hospital stay (LOS) was reported to be similar in the massage group and controls in one
study [12], and in one there was a significant difference between groups [16] but this difference
disappeared after controlling for gestational age, gender, sepsis and birth weight. Two studies
have reported shorter duration of hospitalization in infants who received massage compared to
controls [17,18]. A study by Gonzalez et al. evaluating the effects of Vimala massage in preterm infants
reported a shorter hospital stay in infants of massage group (15.36 ± 5.41 days) compared to controls
(19.33 ± 7.92 days (p = 0.03) [17]. A study by Mendez et al. on VLBW infants reported that those
who received massage had a 1.85 times higher (95% confidence interval (CI): 1.09 to 3.13; p = 0.023)
probability of earlier hospital discharge than control group [18].

2.9. Serum Markers

Levels of serum markers of growth and metabolism such as IGF-1 [8,19], adiponectin [8],
serum triglycerides [9,27,31] have been studied in small randomized controlled trials.
Moyer-Mileur et al. studied IGF-1, leptin, and adiponectin levels in infants who received massage
and controls and correlated them with skin fold thickness, weight gain and ponderal index (PI) [8].
Serum leptin levels correlated significantly with weight gain, PI, triceps skin-fold thickness and
mid-thigh skin-fold thickness [8]. Serum adiponectin level correlated with PI. There was no difference
in weight gain however in this study between massage and control groups. In a study by Field et al.
the massage group had a greater increase in weight gain (p = 0.02), and a greater increase in both
insulin (p = 0.001) and IGF-1 (p = 0.05) levels [19] and weight gain correlated with increased insulin
(p = 0.05) and IGF-1 (p = 0.02) levels [19]. Three randomized controlled trials have evaluated the effects
of oil massage on serum triglycerides [9,27,31]. The primary objective of Solanki et al. was to assess
transcutaneous absorption of massage oils by assessing serum lipid profiles in infants assigned to a
massage without oil, or with safflower oil (rich in essential fatty acids, EFAs) or coconut oil (rich in
saturated fats and medium chain triglycerides, MCTs) [27]. No weight gain was measured in this
study. Serum triglyceride levels were significantly higher after massage compared to baseline in all
groups (coconut oil p < 0.001, safflower oil p < 0.001, controls p < 0.05) though the rise was significantly
higher in oil groups compared to controls (p < 0.05). In infants randomized to massage with safflower
oil, a significant rise was seen in the essential fatty acids linoleic and arachidonic acid (p < 0.001) after
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massage. In those who received a massage with coconut oil an increase in serum saturated fats was
reported (p < 0.001). In the control group who received a massage without oil a small but significant
increase in serum linoleic (p < 0.05) and total saturated fats was seen (p < 0.05) [27]. The other two
studies that assessed serum triglyceride levels used sunflower oil in the massage group evaluated
serum triglyceride levels as a secondary outcome and reported no significant difference between
massage group and controls [9,31].

2.10. Bilirubin levels, markers of brain maturation, pain

Basiri-Moghadam et al. reported significantly lower transcutaneous bilirubin levels (p = 0.003)
in the massage group compared to controls after four days of massage [3]. Guzzetta et al. reported
differences in EEG spectral power (an index of brain maturation) in massaged infants compared
to controls suggesting a process of brain maturation in those who received massage [13]. Jain et al.
reported in a cross-over study higher scores in Neonatal Infant Pain Scale (primary outcome) (p < 0.001)
and heart rate (p = 0.03) in infants who had a blood sampling via a heel stick without a preceding
2-min massage of the ipsilateral leg compared to infants who had a massage prior to heel stick [25].
Respiratory rate, oxygen saturation and serum cortisol levels did not differ [25].

3. Discussion

Preterm birth (birth at <37 weeks of gestational age) is the leading cause of neonatal morbidity and
mortality in the United States [39,40] and affects 10% of infants born in the USA [1]. Slow weight gain
and poor oral-motor ability to feed are common factors delaying discharge from hospital in infants born
prematurely. Interventions that improve either weight gain or oral-motor function may lead to shorter
hospital stay and cost savings. Improved weight gain is the most commonly and consistently reported
effect of massage in preterm infants with significantly greater daily or overall weight gain found
in infants who received massage compared to controls [2,9,10,12,17,19,21,26,28,30,33–35]. While one
study reported increased gain in an infant motor performance score in VLBW infants who received
massage suggesting positive effects on motor development [15], oral–motor coordination and ability
to feed was not evaluated. To date there are no randomized controlled trials evaluating the effects of
massage on oral–motor coordination or feeding ability offering an area of future studies.

A recent meta-analysis by Wang et al. concluded that massage improved daily weight gain by
5.32 g (95% CI 4.15, 6.49 g, p < 0.00001) and reduced length of hospital stay by 4.41 days (95% CI
2.81, 6.02 days, p < 0.00001) [41]. A Cochrane systematic review by Vickers et al. also concluded that
massage improved daily weight gain by 5.1 g (95% CI 3.5, 6.7 g) and appeared to reduce length of
hospital stay by 4.5 days (95% CI 2.4, 6.5 days) [42], consistent with meta-analysis by Wang et al. [41].
Furthermore, a review by Field et al also suggested that infant massage leads to 3–6 days shorter length
of hospital stay and, consequently, significant cost-savings up to $10,000 per infant [43].

The mechanism by which massage improves weight gain in preterm infants is not well
understood. One suggested mechanism is that massage leads to higher consumption of calories.
However, studies have not shown a difference in caloric intake between infants who received massage
compared controls [8,17,19,30,33,34]. Another possible mechanism is increased vagal tone which
may promote food absorption and anabolism. Increase in vagal activity has indeed been consistently
reported in infants who receive massage in all randomized controlled trials that evaluated vagal
tone [5–7,19,24,26,29,30]. Levels of serum anabolic hormones insulin and IGF-1 have been reported
to be higher in infants who had received massage and correlated with weight gain [19] suggesting a
possible anabolic effect. Field et al. postulate in more detail potential mechanisms for improved weight
gain in preterm infants who received massage, including increased vagal tone and IGF-1 levels [44].

Furthermore, increased weight gain in preterm infants who receive massage with oil may be due
to transcutaneous absorption of oils and contribution to caloric intake. While Solanki et al. reported a
significant increase in serum essential fatty acids and saturated fats in infants massaged with safflower
and coconut oil, respectively, their study did not assess weight gain [27]. Thus, the possible effects
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of transcutaneous absorption of oil in weight gain could not be evaluated. Study by Saeidi et al.
did demonstrate a significantly higher weight gain in infants who received massage with MCT oil
compared to massage only or controls [2] suggesting that MCT oil, possibly via transcutaneous
absorption, may partly contribute to weight gain.

Improved weight gain and decreased length of hospital stay are important measures on the effects
of massage in preterm infants and may lead to significantly lower health care costs [43]. Yet little
is known about the long-term effects of early massage on infant development. Only one small
study (n = 73) has assessed the long-term effects of massage given during neonatal hospital stay and
compared neurodevelopmental scores between infants who received massage therapy to controls [14]
and reported on a slightly higher PDI score and significantly higher MDI scores in the massage group,
suggesting massage may induce long-term effects in neural modeling and neurodevelopment.

Overall, several studies as well as meta-analyses have suggested beneficial effects of massage in
preterm infants with regards to improved weight gain and shortening the length of hospital, the latter
of which has potential for significant cost-savings. Limitations and challenges of current randomized
controlled trials on the effects of massage in preterm infants include small sample size in most studies,
lack of studies in extremely premature infants, and lack of studies in infants with congenital anomalies
or congenital heart disease who often have poor weight gain. The provider of the massage is also
not consistent between studies. Massage has been variably provided by licensed massage therapists,
trained nurses, or by a mother trained in massage technique. Although one study assessed the effects
of massage in weight gain in infants massaged by either the mother or a professional gained and
reported more weight gain in both groups compared to controls (p = 0.03) suggesting that different
providers provide equally effective massage. There is limited information available on side effects of
massage therapy with most of the studies not reporting side effects or quoting massage as “safe” or
“relatively safe”. However, given lack of reported side effects it is likely safe to conclude that massage
is “relatively safe” in the infant groups in which it has been studied. There is not enough evidence
to recommend massage for all preterm infants but it may be beneficial in selected clinically-stable
preterm infants with slow weight gain.

4. Conclusions

In summary, randomized controlled trials on the effects of massage in preterm infants suggest
improved weight gain and shortened length of hospital stay. Improved weight gain may be mediated
through increase in vagal tone but more studies are needed on the underlying mechanisms of the
effects of massage. Further randomized controlled studies are needed on the effects of massage on
outcomes such as neurodevelopment, stress behavior, immune system, and pain tolerance.

Conflicts of Interest: The author declares no conflict of interest.
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Abstract: Medical yoga is defined as the use of yoga practices for the prevention and treatment
of medical conditions. Beyond the physical elements of yoga, which are important and effective
for strengthening the body, medical yoga also incorporates appropriate breathing techniques,
mindfulness, and meditation in order to achieve the maximum benefits. Multiple studies have
shown that yoga can positively impact the body in many ways, including helping to regulate blood
glucose levels, improve musculoskeletal ailments and keeping the cardiovascular system in tune.
It also has been shown to have important psychological benefits, as the practice of yoga can help
to increase mental energy and positive feelings, and decrease negative feelings of aggressiveness,
depression and anxiety.
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1. Introduction

Within the past decade, yoga has infiltrated not only Western culture, but also Western medicine.
The more we learn about this ancient practice, the more we realize that its benefits go far beyond
increased flexibility and muscle tone. A common misunderstanding is that yoga predominantly
focuses on increasing flexibility; however, although Hatha Yoga, or the physical practice of yoga,
does emphasize appropriate postural alignment, musculoskeletal strength and endurance as well as
balance, the study and practice of yoga incorporates mindfulness-based practices such as mindful
breathing techniques, focused concentration, meditation and self-reflection.

Modern medicine has made enormous progress in controlling communicable diseases over
the past century, such that it is now the non-communicable diseases (NCDs) that have reached
epidemic proportions and cause the majority of deaths worldwide. The World Health Organization
(WHO) estimates that 80% of NCD deaths are due to four main disease types: cardiovascular disease,
cancer, diabetes, and respiratory diseases [1]. Unfortunately, lifestyle is the major causative factor in
NCDs, including tobacco use, sedentary lifestyle, lack of regular exercise, unhealthy diets and chronic
psychosocial stress [1,2]. Chronic inflammation and stress is a common factor of many of the NCDs,
and an area where yoga has been found to be extremely beneficial.

Recent research has shown that yogic and mindfulness-based practices can positively impact the
body in many ways, including helping to regulate blood glucose levels and keeping the cardiovascular
system healthy. It also has been shown to have important psychological benefits, as the practice of yoga
can help to increase alertness and positive feelings, and decrease negative feelings of aggressiveness,
depression and anxiety [3–8]. Some healthcare providers are responding to these positive findings—as
well as the growing patient demand for an alternative approach to wellness that is natural, low-tech,
relatively inexpensive and generally very safe—by incorporating medical yoga into their practices [1].
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2. Prescription: Yoga

Medical yoga is defined as the use of yoga practices for the prevention and potential treatment
of medical conditions. Beyond the physical elements of yoga, which are important and effective for
strengthening the body, medical yoga also incorporates appropriate breathing techniques, mindfulness,
meditation and self-reflection/study in order to achieve the maximum benefits. Medical Yoga Therapy
or “Yoga Chikitsa” is the dynamic state of physical and mental ease, coupled with spiritual well-being.
Yoga helps one to develop a positive state of health by not only treating illness, but also helping one
to understand the underlying causes of disease. Medical yoga therapy, ideally, is an individualized,
personalized and holistic approach that takes into account not only the patient’s mind, body and
spirit, but also their family, support network, work situation, and culture, as part of the patient’s
individualized treatment plan. As an example, if one is diagnosed with anxiety, a physician trained in
medical yoga may prescribe specific breathing techniques (pranayamas), calming postures (asanas),
mindfulness-based practices and/or meditation, as well as other lifestyle guidance. This type of
therapy does not incur the potentially adverse effects of medications, and can produce benefits to the
patient, long after their relationship with the health provider ends.

The mindfulness and meditation aspects of yoga are ways of training the mind so that one is
not distracted and caught up in its endless churning thought stream. These practices build resilience,
help the patient cope with stress and manage potential triggers for anxiety. They can also promote
self-reflection that may uncover the source(s) of one’s anxiety. If necessary, anti-anxiety medications
and/or psychotherapy may be used in tandem; medical yoga in such cases is strongly adjunctive
and complementary.

Yoga is most powerful when it changes the patient’s general health outlook, changing the emphasis
from reactive to proactive health management. The yogic definition of health or “svastha” is when
the functions of the body and mind are in harmony so that they can turn inward to reach the goal of
Self-realization. In yogic terms, when you are really your “Self”, you are truly at “ease”. It is the loss of
the Self that creates “dis-ease”. This is a bit different than the Western concept of health, which is often
defined as “the absence of disease.” In contrast, the yogic concept is that “disease is the absence of
vibrant health”. Accordingly, this way of thinking reaffirms the understanding that the nature of yoga
is to find one’s eternal Self of health, peace and well-being [1].

This review article will focus on: (1) The science behind medical yoga; (2) The relationship of
stress to health and healing; (3) The yogic approach to health care; and (4) The research behind medical
yoga therapy.

3. What Is Yoga

Yoga is not a particular denomination or religion, but an age-old practice based on a harmonizing
system for the body, mind, and spirit to attain inner peace and liberation [9,10]. Yoga is a tool
that can deepen and benefit anyone, of any religion. It does not conflict with personal beliefs; it is
simply a vehicle to help one transform oneself by promoting conscious connection with oneself, the
world, and the highest truth. There are many traditional paths of yoga, including tantra, mantra,
kundalini, bhakti, jnana, karma, raja yoga, and others, all of which have their own techniques to
awaken these connections. According to the classic text of the Yoga Sutras of Patanjali, “yoga” is the
complete “inhibition of the modifications of the mind” [9] or quieting of the constant chatter in
one’s mind so that our True Selves can manifest, rest in our own true nature and be free of suffering.
Disease, as described in the sutras, is said to be an impediment to spiritual practice, growth and freedom
from suffering [9]. Traditional yogic practices include breath control and techniques (pranayama),
meditation (including mindfulness), the adoption of specific bodily postures (asanas) and self-reflection
(scriptural or self-study) [9,10].

As a mindfulness practice, yoga requires one to be fully aware in the present moment. This practice
helps to diffuse anxiety (which largely concerns the future), and sadness (which largely concerns
the past). All the yogic practices use present moment, non-judgmental awareness as the foundation.
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Of course, such presence benefits the healthcare provider as much as the patient: if one can learn to
pay attention to oneself, one can really pay attention to one’s patients. One can then teach the patient
to pay attention to him or herself as well.

4. Medical Yoga Prescription

Medical yoga as considered here comprises the use of traditional yogic practices to prevent,
cure, and/or ameliorate disease. The ideal medical yoga prescription includes the yogic practices
of breathing techniques, bodily postures, meditation techniques and self-reflection; a healthy,
nourishing diet; reducing substances such as caffeine, tobacco, drugs and alcohol; healthy sleep
hygiene and appropriate support, which may include family, spouse, children, friends and/or support
groups, with or without psychotherapy. It is important that medical yoga therapy should start gently
and with self-compassion.

For providers considering adding yoga to their therapeutic armamentarium, the best place
to start is to consider yoga therapy as a complement to their patient’s current medical treatment.
Yoga alone should not be considered a substitute for appropriate medication or psychotherapy.
However, in situations where a patient is at risk of an illness but does not currently need more
intensive therapy, introduction of yogic practices may forestall or prevent progression to the point
where medical therapy is needed. Patients whose daily activities produce back strain or who have
inherently stressful lives may benefit from yoga as a prophylactic strategy, thereby potentially avoiding
more intensive interventions. It is also important to remember that not all yoga is appropriate for
all patients and that yoga therapy is different than simply taking a group yoga class where the yoga
instructor may not be aware of an individual student’s health concerns or problems. Most certified yoga
teachers, or instructors, have received some training in anatomy and physiology; however, this training
can be quite varied and is not equivalent to the training required by the yoga therapist or healthcare
practitioner. As noted previously, yoga therapy, different from a yoga class, starts with a detailed
history and physical examination and assessment from the health practitioner.

Yoga brings the autonomic nervous system into healthy balance by stimulating the
parasympathetic nervous system [11,12]. The sympathetic nervous system, or our “emergency response
system,” is activated when our body or mind feels threatened or perceives being stressed, whether that
be a “positive” or a “negative” stress. This “flight or fight” response results in vasoconstriction,
causing decreased blood flow to the extremities and the digestive system in order to prepare
one for survival [11]. One’s heart rate and blood pressure increase, the liver converts glycogen
to glucose and releases glucose into the bloodstream, the bronchioles dilate, and the blood flow
pattern changes, leading to decreased digestive system activity and reduced urine output. In contrast,
the parasympathetic system is stimulated when one relaxes; it is often called the “rest and digest”
mechanism of our nervous system. The parasympathetic system stimulates blood flow to the digestive
system, brain, extremities and sexual organs [11]. As many of us go through our day, what is happening
on the “outside”—i.e., what we may think or what we may encounter—causes a constant interaction
between the two facets of the nervous system. Yogic practices work by decreasing physiologic arousal
and quieting down this continual play of the autonomic system. They can reduce one’s heart rate
and blood pressure, ease one’s respirations and increase heart rate variability—all signs of improved
parasympathetic tone [13].

5. Stress

Many in today’s society live in “sympathetic overdrive.” This occurs when the body
perceives a continuous stressor, and the short-term sympathetic stress response persists all day
long [11]. Unfortunately, our bodies were not really set up in a way to handle these continual
stressors [12]. Due to the continued excitation, one of the major neuroendocrine systems
of the body, the hypothalamic-pituitary-adrenal (HPA) axis is set in motion. The HPA axis
regulates and helps to control many different bodily processes including one’s reaction to stress,
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immune function, digestion and energy expenditure and storage. The axis is set in motion with release
of corticotropin-releasing factor (CRF) from the hypothalamus. CRF then stimulates the anterior
pituitary gland to release adrenocorticotropic hormone (ACTH), which subsequently stimulates the
adrenal cortex to produce and release cortisol [14]. In response to the stress, cortisol functions by
aiding in the metabolism of fat, protein, and carbohydrates by converting them to glucose through
gluconeogenesis. This longer-term stress response subsequently raises blood glucose levels, suppresses
the immune system, and causes retention of sodium and water by the kidneys, with subsequent
increased blood volume and blood pressure. At a certain blood concentration, cortisol will exert
a negative feedback to the hypothalamus and the pituitary gland with decreased discharging of both
CRF and ACTH. At this point, homeostasis returns to the body and entire system. If, however, the body
continues to be in a state of stress, real or perceived, this cycle perpetuates with subsequent sustained
HPA axis activation [14,15].

Not all stress has unfavorable effects, of course. When the body is able to tolerate the stress,
and can use it to boost one’s performance, the positive effects are numerous and impressive. There are
over >1400 biochemical reactions that the body has in response to stress, with subsequent effects on
one’s body, mind, emotions and behavior [12]. However, stress becomes negative when it exceeds
one’s ability to cope. At this point, the body systems can become fatigued, causing multiple problems,
both physically and emotionally [15,16].

Chronic stress is experienced when there is a mismatch between a perceived demand and one’s
ability to cope with that demand; it includes one’s emotional and mental response to the outside
situation. When one is continually stressed, whether that stress is real or perceived, his or her nervous
system can be shifted towards the state of sympathetic overdrive [11,12]. At this point, the actual
activity of the sympathetic nervous system decreases with a decline in the release of epinephrine,
but corticosteroid release continues to be activated at above-normal levels. In such a case, the individual
may no longer even recognize that they are in a stressful state. Moreover, chronic stress can be
precipitated by any number of factors and conditions, some regular and unavoidable: constant worry,
daily life hassles, frustrations over one’s job or family, traffic jams, finances, poor sleep or eating habits,
demands on time, and challenging life situations all create stress [12]. Stress can even also be triggered
by one’s memory of difficult or scary past situations that have previously occurred. This state of
high stress causing continuous sympathetic stimulation is epidemic in our society, from the corporate
executive down to the young child on a busy school and activity schedule.

So stress is part of our lives—does it matter? In fact, the burden due to stress-related illness is
quite concerning. The Centers for Disease Control and Prevention estimates that stress accounts for
about 75% of all physician visits [12,16,17], and up to 80% of all visits to primary care providers are for
stress-related complaints [12,17]. These involve a wide spectrum of complaints, including headache,
back pain, hypertension, arrhythmias, irritable bowel syndrome, insomnia, depression, anxiety,
skin problems, fatigue, obesity, migraines, hyperlipidemia and accidents.

Research has shown that continued and chronic stress can result in a generalized
immunosuppressive effect that prevents the body to initiate a timely and appropriate immune
reaction [16,18–20]. During acute stress, norepinephrine, epinephrine and ACTH are released,
signaling certain kinds of cells to become mobilized into the bloodstream, potentially preparing
the body for the “fight or flight” response [1]. Acute stress increases levels of pro-inflammatory
cytokines in the bloodstream [21]. Whereas inflammation is a necessary short-term response for
eliminating pathogens and initiating healing, chronic systemic inflammation causes dysregulation of
the immune system and increases one’s risk for chronic diseases [20–22]. Chronic stress, like acute
stress, is associated with high levels of pro-inflammatory cytokines, but with potentially different health
consequences [22]. Type 1 cytokine protective immune responses have been shown to be suppressed
during times when the body is undergoing challenges of chronic stress, while pro-inflammatory
and type-2 cytokine responses are activated [23,24]. Chronic or long-term stress can also suppress
immunity by decreasing the number of immune cells as well as their function. These phenomenon may
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exacerbate pro-inflammatory diseases and thus potentially increase one’s susceptibility to infections
and possibly different types of cancer [24].

Chronically high levels of cortisol can also be neurotoxic [14]. These high levels have been
associated with accelerated aging, cognitive inhibition, impaired memory and the ability to learn,
increased anxiety and fear, as well as depression and anhedonia [25–27]. Areas of the brain,
including the hippocampus and the prefrontal cortex (PFC), both with high cortisol receptors,
can become impaired with high cortisol levels. Prolonged stress, both physiological and psychological,
with continued high levels of blood cortisol can induce lowered metabolic rates and decreased
synaptic densities in the hippocampus and the PFC [25,28–30]. Even perceived stress has been
shown to negatively correlate with overall PFC volume, specifically in white matter volume of the
PFC, specifically in the ventrolateral and dorsolateral PFC [31].

Cortisol activates the amygdala, the body’s “threat center.” The amygdala is an almond-shaped
brain structure that is crucial in the stress response. An enlarged and hyperactive amygdala is often
observed during stressful conditions placed on the body [14,32–35]. Of interest, studies performed
on decreasing stress revealed that following stress-reduction interventions, where patients reported
significantly reduced perceived stress, decreases basolateral amygdala gray matter density, as seen on
Magnetic Resonance Imaging (MRI) scans [32,36].

Stress, of all kinds, is thought to play a significant role in the development of depression
by depleting the body’s “positive” neurotransmitters, such as gamma-aminobutyric acid (GABA),
serotonin and dehydroepiandrosterone (DHEA) [37–42]. Dysregulation of the HPA axis is often
seen and reported in those with depressive disorders. In addition, both the dopaminergic and
serotonergic systems are thought to be involved in the development of depression if they become
dysfunctional or dysregulated [43]. Studies done in rats have shown that chronic stress can induce
a depressive state, along with notable dysregulation of both their HPA axes and their dopaminergic
and serotonergic systems in the PFC. Release of GABA has also shown to be impaired in these
rats as well [40,43]. Other mood disorders, including anxiety, are also thought to be aggravated by
stress-induced modifications of the PFC. Of note, stress may impact the prefrontal GABA pathways.
This can impair the function of the limbic structures, which are known to control one’s emotions and
behavior [44,45].

6. How Do Yogic Practices Work?

Yoga-based practices of postures (asanas) and movement sequences are usually taught in
conjunction with some type of breathing and/or meditation technique [1]. This type of mindful
movement with slow, rhythmic breathing is more likely to promote parasympathetic and vagal tone
compared to other forms of exercise [1,11,46,47]. Improved vagal tone is reflected by increased heart
rate variability (HRV), which is the variation in the time interval between heartbeats. This physiologic
phenomenon can be predictive of how readily the heart rate returns to normal, or quiets down,
after increasing in response to a stressor. Decreased HRV is associated with poorer myocardial function,
often seen after a myocardial infarction, and is seen with increased sympathetic activity. Increased HRV
with high frequency activity is associated with increased parasympathetic activity. Yogic breathing
techniques—in particular, alternate nostril breathing, which involves breathing through the left and
right nostril alternately—has been associated with increased parasympathetic activity, increased HRV
and decreased systolic blood pressure [48]. Slow and rhythmic breathing has also been shown to
promote the release of prolactin and the hormone oxytocin, which can foster feelings of friendship,
calmness and bonding to others (released during childbirth which may help the mother relax and bond
with her newborn during a very painful process) [1,49]. These yoga practices also reduce circulating
levels of cortisol and have been demonstrated to reduce the manifestations of stress. With practice,
there is decreased firing from the locus coeruleus, which is the principal site in the brain for synthesis
of norepinephrine in response to stress and panic. This decreased norepinephrine output helps
the body to relax and quiet down with reduced respiratory rates and heart rates. The decreased
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sympathetic output decreases the release of corticotropin releasing factor, with resultant decrease in
cortisol output [50–52].

An open-label study from 2013 performed on a cohort of 54 outpatients with clinical depression
at a tertiary care psychiatric hospital revealed that, as a group, this cohort had higher levels of
serum cortisol compared to healthy controls [50]. These 54 subjects were offered yoga classes as
adjunctive therapy for their depressive symptoms. The yoga module was taught to the group over
a month’s time and subjects were advised to practice daily at home. Antidepressant medication
was prescribed in addition if advised by the subject’s psychiatrist. The cohort was broken down
into three groups: Group (G) 1 received conventional drug therapy (DT) alone (N-16), G2 received
yoga therapy (YT) alone (N-19), and G3 received DT along with YT (N-19). A G4 group was used as
healthy controls (N-18). The Hamilton Depression Rating Scale (HDRS) was used to rate subject’s
depressive symptoms, along with measurements of serum cortisol, obtained both at baseline and after
three months of intervention. In the total sample, with good adherence, and irrespective of treatment
method, the cortisol levels were found to be decreased significantly at the end of treatment in all
subjects. Of interest, however, is that more subjects in the yoga groups (both YT and YT plus DT) had
significantly greater drops in their cortisol levels as compared to the drug-only (DT) group (p < 0.008).
In the YT-only group, there was also a high correlation between decreased cortisol levels and lower
scores on the HDRS surveys, indicating a positive antidepressant effect as well (p < 0.001) [50].

7. Meditation

It appears that formal meditation practice can change both brain structure and function [53]. It has
been found that people who do more meditation practice develop more robust brain structures in certain
areas. Multiple studies have shown that yogic practices such as mindful meditation can increase both
cortical thickness and gray matter, particularly in areas controlling emotional regulation and executive
functioning. These regions notably include the insula, the ventromedial pre-frontal cortex and anterior
cingulate cortex (ACC) [53,54]. The insula is involved with proprioception, self-awareness and emotional
regulation. The ventromedial PFC is the brain’s center for executive functioning, including planning,
problem solving and emotional regulation. The ACC is the self-regulatory process center, giving one the
ability to monitor attention conflicts and allow for more cognitive flexibility [55–58].

Meditation has been shown to increase the thickness of the left hippocampus, the region of the
brain that functions in the formation of long-term memory, emotional regulation and cognition, as well
as being a critical area of the brain that plays a vital role in the resiliency to chronic stress and depressive
states, possibly due to expression of hippocampal neurotrophic protein (brain-derived neurotropic
factor or BDNF) [59]. Resiliency to stress, stress-related depression and post-traumatic stress are housed
in the hippocampus—multiple studies have shown that increased hippocampal activation correlated
negatively with post-traumatic stress disorder (PTSD) and depression symptoms, and positively with
resilience [25,55,60–62]. PTSD patients show considerable reduction in volume of the hippocampus,
decreased ventromedial PFC activity and insufficient inhibition of the amygdala, all resulting in
increased fear, persistent negative emotions, impulsivity, anxiety and depressive rumination.

Mindfulness meditation, particularly in long-term expert meditators, has been shown to diminish
activity and size in anxiety-related areas of the brain such as the amygdala, as well as to increase
the size of the PFC and insular cortex, both controlling emotional regulation. These meditators have
also been shown to have diminished functional connections between the amygdala and the PFC,
allowing for less reactivity to stressors [55,63,64]. Meditation also appears to be effective for PTSD and
depression symptoms, although more high-quality studies are needed [65,66].

A recent study suggested that hatha yoga postures (asanas) alone can also improve stress and
increase relaxation dispositions. This randomized controlled trial performed in 2015 among college
students with high psychological stress assessed the effects of sun salutations or suryanamaskar
(defined as a series of 12 physical postures) on relaxation dispositions (R-dispositions). Suryanamaskar is
a traditional asana sequence that is a well-known yogic exercise; however, there are few studies on
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the physiologic effects of regular suryanamaskar practice [67,68]. In this study, the intervention group
was to practice a daily suryanamaskar session for 14 days, which was composed of a short warm up,
13 rounds of suryanamaskar with mantras and breathing, followed by a cool down in a sitting position.
The set of exercises took approximately 20 min to complete daily. No specific activity was given for the
control arm to perform. After 14 days, the experimental group scored higher on multiple aspects on the
surveys with increased points compared to the control group for: physical relaxation, mental calmness,
feeling at ease and peace, being more well-rested and refreshed, improved strength, awareness and
joy. In addition, the intervention group scored lower on fatigue, somatic stress, worry, and negative
emotional feelings when compared with the control group [69].

8. Yoga and Neurotransmitters

Yoga practices can increase multiple neurotransmitters and hormones such as GABA, serotonin,
and dopamine—all natural anti-depressants [11]. They have been shown to increase levels of melatonin,
helping to initiate sleep, improving sleep quality and sleep regulation, as well as increasing levels of
oxytocin, the “bonding hormone”, thus helping with feelings of connectedness and “being seen and
heard” [70–74].

GABA is one of the body’s chief inhibitory neurotransmitters, working to reduce neuronal
excitability and activity throughout the central nervous system (CNS). GABA acts as an important
player in the body’s response to stress, fear, depression, anxiety and sleep regulation.
Lower-than-normal levels of GABA in the brain have been associated with schizophrenia, depression,
anxiety, post-traumatic stress disorder, epilepsy and sleep disorders [73].

Multiple kinds of both anxiolytic and anti-depressant medications work by increasing GABA
levels in the central nervous system. As mentioned earlier, yoga practices seem to be effective
by bringing the parasympathetic and sympathetic systems into balance (often by increasing
parasympathetic tone and decreasing sympathetic firing), and does this in large part by increasing
GABA activity [75]. Meditation increases activity in the PFC as well as stimulates the thalamus
(in particular, the reticular nucleus), which increases production and delivery of GABA throughout
the CNS. Studies have shown that GABAergic inhibitory interneurons result in cortical inhibition
which has been implicated in improved cognitive performance and enhanced emotional regulation
capabilities [76]. Multiple studies have shown that the practice of yoga and meditation may work as
well as other therapies in increasing GABA levels in the brain [77–79].

9. Yoga and Telomeres

As meditation, mindfulness practices and yoga have been moving more and more into the
mainstream, it is becoming more apparent that these practices may work to keep our minds and bodies
from withering with age by potentially stabilizing, and even lengthening telomeres. Telomeres are
small, repetitive, chromosomal sequences found at the end of chromosomes which protect the
chromosome from deterioration and cell death. They keep the chromosome stable. Telomere shortening,
or unraveling, affects how quickly cells age. As they shorten, the chromosome’s structural integrity
weakens. Telomere length has been found to be a prognostic marker of aging, disease and premature
morbidity in humans. Shorter telomeres are associated with cell aging, cell death, premature aging
and a broad range of aging-related diseases, including cardiovascular disease, cancer, stroke, dementia,
obesity, osteoporosis, Alzheimer’s, macular degeneration, acquired immunodeficiency syndrome
(AIDS), and osteoarthritis. They have also been associated with pediatric syndromes such as Progeria,
Cri-du-chat, Down’s syndrome, tuberous sclerosis, dyskeratosis congenita and Fanconi anemia.
Telomere shortening is prevented by the enzyme telomerase. Of note, chronic stress may potentially
speed up the aging process through decreased telomerase activity and telomere shortening [80].

In 2008, Dean Ornish found a significant association between comprehensive lifestyle changes
(including yoga, meditation, breathing, stress management and a healthy whole-food, plant-based
diet), and increased telomerase activity in human peripheral blood mononuclear cells. Of interest,
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the participants of this study also showed significant reductions in psychological distress and
low-density lipoprotein cholesterol [81]. In 2013, a five-year follow-up study was completed on
the same participants and controls. The participants were found to have persistently increased
telomere length and telomerase activity over their age-matched controls. The study also compared
blood samples from 2008 and 2013, evaluating both relative telomere length (RTL) and telomerase
enzymatic activity per cell. Of interest, after five years, RTL was found to have increased in the
lifestyle intervention group and to have decreased in the control group with the difference between the
two groups as statistically significant [82]. This was the first controlled trial to show that any lifestyle
intervention might lengthen telomeres over time.

Meditation has also been shown to be potentially protective regarding RTL. An intriguing study
from 2013 evaluated a group of 15 subjects practicing Loving-Kindness Meditation (LKM) compared
to a control group of non-meditators (n-22). LKM, or Metta bhavana from the Buddhist tradition,
is a method of developing compassion by directing well-wishes towards others. It can be practiced
by anyone, regardless of religious affiliation. It is a meditation of care, concern, friendship and
compassion for oneself and others. Peripheral blood leukocytes were then measured for RTL in both
groups. The LKM practitioners were found to have significantly longer RTLs than the control group,
particularly for the women (p = 0.007). Although this study was limited by its small sample size,
these results are exciting as they suggest that meditation—in particular, LKM practice—might increase
RTL, a biomarker associated with aging and longevity [83].

10. Yoga and Inflammation

As noted above, inflammation is the body’s natural immune response to infection, injury,
and stress. However, inflammation can have serious health implications when it becomes prolonged
and chronic. Chronic systemic inflammation may not be as apparent as acute inflammation, and can
persist undetected at low levels for years. This can slowly damage the body, lead to the development
of chronic diseases and increase one’s risk for type II diabetes, atherosclerosis, cardiovascular disease,
autoimmune disease and age-related diseases.

As previously discussed, yoga is beneficial for decreasing both acute and chronic stress levels.
In multiple studies, yoga has been found to decrease inflammatory markers such as C-reactive protein
and other inflammatory cytokines in the blood, while increasing levels of multiple immunoglobulins
and natural killer cells [11,84–86]. Recent research has also shown that those who practice yoga
regularly have higher levels of leptin and adiponectin in their bodies, both natural chemicals that
work to alleviate inflammation in the body. Adiponectin has been found to be a key component of
endothelial function and is cardioprotective [1,87,88].

A very interesting recent discovery is that even a small amount of practice may make a significant
difference. A notable study by Yadav et al. in 2012 looked at how even a very brief (10-day) yoga-based
lifestyle intervention can reduce the inflammatory markers of stress in patients with chronic diseases.
In this trial, 86 patients (44 female/42 male) with chronic inflammatory diseases, including those
who were overweight/obese received a ten-day yoga-based intervention program, including yoga
asanas, pranayama and both individual and group stress management sessions. Statistically significant
changes (p < 0.05) were seen after this short ten-day intervention with decreased cortisol, tumor necrosis
factor-alpha (TNF-α) and interleukin-6 (IL-6) levels, and elevated levels of β-endorphins [89].

Another randomized, controlled clinical trial from 2014 also showed that practicing yoga for as
little as three months can not only lower markers of inflammation, but can also make big differences
in symptoms of fatigue in breast cancer survivors [90]. In this trial, 200 women were recruited and
randomly assigned to either 12 weeks of 90-min hatha yoga classes twice per week, or a wait-list
control. Breast cancer treatments were fully completed before the onset of the study.

Multiple inflammatory markers were evaluated as part of the outcome of this trial as well as
multiple different surveys assessing both fatigue and depression. At three months post-treatment,
comparing the yoga group to the control group, fatigue was found to be lower as well as a number of
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inflammatory markers such as IL-6, TNF-α and IL-1 β and scores for vitality were found to be higher
(all statistically significant with p < 0.05) [90].

Of particular interest, this study also showed that the more yogic practices that the women did,
the better their outcomes. Also significant was that the results were sustained: after six months
post-intervention, both fatigue and inflammation were still lower in the intervention group as
compared to controls (decreased by 57% and 20%, respectively) [90]. This suggests that yogic practices
can continue to make significant sustained differences in signs and symptoms of inflammation even
months later.

11. Yoga and Back Pain/Arthritis

The American College of Rheumatology states that exercise and physical activity is a necessary
part of an effective treatment program for patients with both osteoarthritis and rheumatoid
arthritis [91,92]. In these patients, exercise has been shown to have a vital role in promoting joint health
without worsening disease. Patients suffering from arthritis who exercise regularly have less joint
pain, more vitality, better sleep, reduced morning joint stiffness and improved daily living function.
In particular, yoga incorporates important elements of body awareness such as proprioception,
coordination, balance and postural alignment, all of which are particularly important in individuals
with joint disease [93].

A comprehensive review of randomized controlled trials that evaluated yoga as an intervention for
chronic low back pain (CLBP) supported the practices and found them to be efficacious on short-term
improvements in functional disability [94]. In fact, yoga therapy has been shown to improve pain,
back function, spinal mobility, depression and anxiety in patients with CLBP to a greater degree than
physical therapy [95,96].

The largest, most rigorously conducted randomized controlled trial (RCT) of yoga and arthritis to
date was published in 2015 by Moonaz et al. at Johns Hopkins University. Most importantly, this trial
examined the safety, efficacy and feasibility of yoga for sedentary patients with both rheumatoid and
osteoarthritis, with significant outcomes revealing important physical and mental health benefits in
these individuals with regular yoga practice. After eight weeks of intervention, improvements were
seen in physical pain, general health, vitality, ability to carry out Activities of Daily Living (ADLs),
balance, upper body strength and mental health scales (p < 0.05). Of great interest, almost all benefits
that were seen were still observable nine months after study completion [97].

12. Yoga and Cardiac Disease

Cardiovascular disease (CVD) encompasses a broad spectrum of syndromes, including atherosclerosis,
stroke, arrhythmia, hypertension, hyperlipidemia, heart disease and peripheral vascular disease, and is
the leading cause of mortality, morbidity and disability worldwide [1]. Although there have been
tremendous advancements in medications, treatment plans and programs for both the prevention
and treatment of CVD, there are still a number of challenges in implementation of these programs,
and limitations of the treatments. Multiple risk factors are known to cause oxidative stress, leading to
endothelial disruption and dysfunction. These include dyslipidemia, diabetes, hypertension, obesity,
smoking and psychological stress, which can in turn start a cascade of events involving inflammatory
and vasoactive mediators, in particular, interleukin-6, fibrinogen, C-reactive protein and tumor
necrosis factor-alpha, that lead to the development of CVD [1]. Yoga therapy may be a significant
and cost-effective therapy for CVD by interrupting a number of these different events along this
cascade [1,11,88,98–100].

Of interest is a study done by Sarvottam et al. suggesting that even a short-term yoga-based
program may reduce the risk for CVD. In this trial, a ten-day yoga intervention program was found to
significantly reduce the body mass indices and systolic blood pressures in 51 overweight and obese
men. These men were also found to have significant changes in certain inflammatory markers with
decreases in IL-6 and elevation of adiponectin [88].
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According to the American Heart Association, yoga practices can help to lower blood pressure,
increase lung capacity, improve respiratory function and heart rate, improve circulation and boost
muscle tone [101]. As previously discussed, yoga can reduce stress both by balancing the autonomic
nervous system with increased parasympathetic and reduced sympathetic activities, respectively,
thus optimizing and restoring the body’s homeostasis (decreasing allostatic load), as well as decreasing
the reactivity of the HPA axis. By decreasing both of these pathways, yoga can interrupt multiple
different inflammatory events on the cascade toward CVD and enhance cardiovagal function [102].

An intriguing study by Krishna et al. in 2014 evaluated the effects of yoga therapy in patients
with heart failure. Parameters including heart rate, blood pressure, heart rate variability (HRV)
and rate pressure product (RPP) were measured before and after yoga intervention. As mentioned
above, increased HRV is predictive of how readily the heart rate returns to normal, or quiets down,
after increasing in response to a stressor—a sign of parasympathetic tone—and RRP is an index of
myocardial O2 consumption and load on the heart. Both of these are measures of cardiac autonomic
function. In this trial of 130 heart failure patients, randomly assigned to receive either a yoga
intervention program or standard medical therapy alone, heart rate (HR), blood pressure (BP),
and measures of cardiac autonomic function were assessed before and after the 12-week intervention.
The results were quite significant with p values all <0.05 regarding decreases in HR, BP and RPP in
the yoga group compared to the controls. Sympathetic nervous system modulation (measured by
Lfnu—low-frequency normalized unit) decreased significantly and parasympathetic nervous system
modulation (measured by Hfnu—high frequency normalized unit) increased significantly as well in
the intervention compared to the controls—both signs indicating improved HRV [103].

This study suggests that there could be a great benefit of yoga therapy as an adjunct to medical
treatment in patients with heart failure. In addition, because it is important to consider that in
patients with severe and/or decompensated heart failure physical exercise may not be well tolerated,
yoga, particularly gentle asanas, breathing exercises and meditation, may be easily tolerated by these
individuals [1].

As a complementary and integrative therapy, yoga for the management of hypertension has been
studied in numerous randomized controlled trials. On average, the overall effect of yoga therapy
results in a reduction of systolic BP of approximately 10 mmHg and approximately an 8 mmHg
reduction in diastolic BP [75,104]. Of note, yoga seems to be efficacious only for hypertension,
not for pre-hypertension. It is also important to recognize that at this time yoga therapy can only
be recommended as an adjunct to antihypertensive pharmacological treatment, not as an alternative
therapy alone. Breathing and meditation seem to be the important components of the yoga
interventions as well rather than physical yoga asanas for hypertensive patients. These are the
components of the yogic practice that can increase parasympathetic activity and decrease sympathetic
tone, which counteracts the surplus of sympathetic activity associated with hypertension. In addition,
the specific components of yoga practice may help one to self-regulate, so that the mind and body
can work to bring one’s physical, emotional, autonomic and psychological systems into balance,
which is most critical when the body is under stress [105]. An interesting study conducted in 2013
on the effects of Iyengar yoga supports this theory. After an eight-week yoga program intervention,
outcomes from surveys strongly suggested that the yoga practice helped to benefit self-regulation
in terms of physical function, enriched sleep quality, dietary improvements with improved lifestyle
choices, reduction of stress and anxiety and enhanced calm mental/emotional states in the study
participants [106]. Despite the increasing evidence that yogic practices may reduce blood pressure,
it is important to recognize that many of the studies done have also included diet modifications,
exercise and/or supportive guidance and counseling—all part of the “yogic lifestyle”. The exact
mechanisms as to the potential benefits of yoga in controlling blood pressure remain unknown at this
time. Additional rigorously controlled trials are needed to further investigate the potential benefits of
yoga for improving blood pressure in those individuals with both pre-hypertension and hypertension
to help determine optimal yogic practices, yoga program design and treatment plan [1,75,105,107].
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Yoga therapy may also be quite useful as a complementary therapy for atrial fibrillation (AF). It is
well known that the autonomic nervous system plays a pivotal role in the pathophysiology of AF, and it
has been proposed that an imbalance in both the sympathetic and parasympathetic nervous systems
contribute to the disease entity [108,109]. In a trial performed in 2013 by Lakkireddy et al. the impact
of a three-month yoga intervention program was evaluated in 49 patients with paroxysmal AF.
Both symptomatic and asymptomatic AF episodes were assessed for a three-month control period prior
to the intervention, and during the intervention. Statistically significant decreases in both symptomatic
and asymptomatic AF episodes were observed with p values < 0.001. Of interest, feelings of both
depression and anxiety were also found to be reduced significantly in study subjects as well as
improvements on several measures of quality of life including general health, physical functioning,
vitality, social functioning and mental health [108]. The benefits of yoga therapy in these patients with
AF are thought to be due to restoration of sympathetic and parasympathetic balance at the level of
HPA axis as well as decreasing both inflammation and oxidative stress, resulting in the suppression of
atrial remodeling, micro-reentry circuits and triggers for AF; however, the exact mechanism remains
unknown [1,108].

13. Yoga for Pediatrics

A growing amount of evidence is showing that yoga and other mindfulness-based practices are
paramount for today’s children. Due to various new demands and standards in today’s society, children
and adolescents experience stress and mental health challenges that have not been seen in generations
past. In a society exploding with technology, children now are confronted with many daily distractions
and temptations, with resultant overstimulation and pressures from their peers. There are more
stresses on families with reduced downtime and quiet time caused by the overscheduling of activities,
overvaluing productive time and greater pressure to succeed academically. Recent research shows
that the current generation of young adults is the most “stressed-out” generation, compared with their
predecessors [110]. There is constant stimulation through technology, internet and social media,
as well as extensive media usage by children and adolescents in today’s world. Not only are
children and young adults under more stress, but they also have fewer coping skills to manage
these stressors. As with adults, when children internalize stress, it is often manifested physically,
resulting in health issues such as insomnia, chronic abdominal pain, headaches, depression, anxiety and
mood swings [103,111]. For the past number of years, schools have been cutting programs such as life
skills courses and physical education classes. When these stress management skills are not learned at
an early age, it only becomes harder to learn them as the children get older. Yoga may help children,
adolescents and young adults cope with stress by teaching them self-regulation skills to control
emotions and stress at a young age. These practices would, in turn, help their well-being and mental
health, improve overall resiliency and help to positively keep their lives in balance. Yogic practices
help the body to connect to the mind by helping one to focus on the present moment and clearing the
mind of overwhelming thoughts. Even very young children can learn to benefit from yogic breathing
techniques, which can help to calm and distract toddlers from a temper tantrum or help them to sleep.
According to the National Institutes of Health, children who practice yoga have an increased sense
of self-awareness and self-confidence. Concentration skills are enhanced [104,112]. These learned
mind-body skills can also help a child reexamine a difficult, or even painful, experience into one
that bolsters their sense of resiliency [105,113]. This, in turn, may contribute to improved attention,
self-esteem, empowerment and good mental health [114–116].

According to the 2007 National Health Interview Survey (NHIS), mind-body therapies,
including yoga, were the most favored complementary and alternative medicine (CAM) practices among
children with behavioral, emotional or mental health problems. Per the 2012 NHIS, the use of yoga and
yoga therapy in children had increased since 2007 from 2.5% to 3.2% (more than 400,000 children) [113].
Of note, older children between the ages of 13 and 17 were noted to use these mind-body therapies more
often, and were more commonly used by female patients versus male patients (5.7% vs. 1.7%) [117].
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Of interest, a survey taken in 2007 showed that in children and adolescents with chronic pain,
over 60% of the subjects tried at least one CAM approach for pain. Of these practices, yogic practices
and therapies were used by 32% as their first choice of CAM therapy [118].

Compared to research performed in adults, there is unfortunately a lack of good RCTs on the safety
and efficacy of yoga among the pediatric population. In 2008, Galantino et al. performed a systematic
review and found 24 studies of yoga for children which included case-control studies, pilot studies,
cohort studies and RCTs. Although this review concluded that there was certainly positive evidence
regarding the use of yoga in the pediatric population, more research is imperative [119,120]. Since then,
there have been no recent systematic reviews of pediatric therapeutic yoga [114]; however, a growing
number of RCTs are being performed. In a recent bibliometric analysis of yoga studies published
between 1975 and 2014, there were 366 studies found with 31 of the studies (9.9%) including
children [121]. In 2010, Kaley-Isley et al. performed a comprehensive review, and subsequently
summarized applicable studies with children and adolescents treated with yoga therapy practices
as an intervention. The majority of these studies showed benefit as well as very few adverse effects.
Among these studies, the areas for which yoga was used for therapy in children include physical
fitness, cardiac and respiratory symptoms, mental and behavioral health, developmental syndromes,
irritable bowel syndrome, eating disorders including obesity, anorexia and bulimia, cancer and prenatal
effects on birth outcomes [1]. In 2016, 14 individual controlled studies were evaluated, showing that
yoga, as a CAM treatment and approach, appears to be an encouraging therapy and stress management
intervention for children and adolescents, again with a very low rate of reported adverse effects.
Yoga therapy can have significantly favorable effects on psychological and cognitive functioning,
particularly in patients with emotional, mental and behavioral disorders [117]. Of note, many of the
studies reviewed had methodological limitations, small sample sizes, lack of randomization and much
variability between yoga practice intervention methods so that clear conclusions were not possible,
and it was suggested that to obtain the most benefits from therapeutic yoga in children, more regulated
research efforts are warranted [117,122].

There has been increasing interest in the use of mind-body techniques and therapies for children
and adolescents with focusing, concentration and attention disorders. If yoga and mindfulness helps
one to focus inward and pay attention, it would be only natural to assume that these types of therapies
would be of great benefit to those who have difficulty with inattentiveness. Ideally, this increased focus
would potentially increase attention naturally, even in children with challenging attention disorders.

In 2012, a systematic review of 124 trials examining the evidence for efficacy of yoga in the
treatment of a number of different pediatric psychiatric disorders, of which 16 met appropriate criteria
for the final review, showed emerging evidence (Grade B) to support a role for yoga in treating
children with Attention Deficit and Hyperactivity Disorder (ADHD) in two RCTs [123]. Among these
two RCTs was an intriguing randomized trial from 2004, published in the Journal of Attention Disorders,
which showed that boys diagnosed with ADHD, on appropriate medication, reduced their symptoms
in inattentiveness and behavior when practicing yoga regularly. In this trial, 16 boys with ADHD
were randomized to receive either yoga therapy (YG) or cooperative activities (CG) in addition to
their previously prescribed medications for a total of 20 weeks. The YG received one hour of hatha
yoga per week along with breathing and relaxation techniques. Assessments were performed both
pre- and post-intervention using the Conners’ Parent and Teacher Rating Scales (CPRS and CTRS).
Although there was improvement in both groups, the YG group showed significant improvement on
five subscales of the CPRS. Positive changes on the CTRS were also seen in those who attended more
yoga sessions and who engaged in more home practice. Although this was a small study, the trial
did suggest that yoga may be a useful CAM therapy for adjunctive management, along with medical
management, in children with ADHD. Larger and more collaborative studies on yoga’s potential
benefits for these children are needed [124].

Another trial from 2006 by Haffner et al. evaluated 19 children with ADHD and randomized
them to receive either YG or conventional motor training (CG), along with their current medication
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regimens. The YG received 2 h of hatha yoga weekly for a period of 34 weeks. Outcome measures
here included test scores on a task requiring focused attention, as well as both parent and teacher
ratings of ADHD symptoms. Results from this trial revealed that the yoga training was superior to
the conventional motor training. This pilot study also demonstrated that yoga can be an impressive
adjunctive treatment for ADHD, though again limited by its small sample size. These researchers
advocate for further research into the impact of yoga on children with ADHD [125].

What about the possibilities of yoga entering the school curriculum? It has become increasingly
commonplace for large companies and offices to incorporate yoga and meditation facilities for their
employees as a means to help improve concentration, refresh focus, improve motivation and counteract
prolonged sitting at a desk orworkbench all work-day long. Schoolchildren, who also spend hours
working and sitting all day, may benefit to the same degree.

There have been a few RCTs have evaluated the effects yoga within a school curriculum
particularly in the prevention of mental health problems and enhancement of psychosocial
well-being. One RCT from 2012 by Khalsa et al. studied 109 students randomly assigned to
receive either an 11-week yoga education program versus regular physical education. In this trial,
students were asked to self-report measures of mental health parameters including mood, anxiety,
stress, and resilience both at baseline and post-intervention. Results were remarkable for statistically
significant differences in measures of the students’ feelings of anger control, fatigue and inertia [126].
Of note, this is one of a few trials that compares the effects of yoga to that of another form of exercise
(in this case, physical education as an exercise control group). More studies comparing the yoga with
standard exercise are warranted as benefits can certainly be seen for both.

Another interesting study from 2010 examined a school-based mindfulness and yoga intervention
program in four inner city public schools in Baltimore, MD. Each of the schools was randomly
assigned to undergo either a 12-week yoga/mindfulness intervention program or a wait-list control.
Mental health parameters were also assessed in the trial including stress responses, feelings of
depression, emotional arousal, control of thoughts and student social interactions. Positive outcomes
were again seen in the intervention group compared to the controls in a number of these different
psychological variables. Both of these studies are significant in that they suggest that mindfulness-based
programs may be of great benefit for youths, especially in helping them to cope with daily stressors. In
addition, both studies illustrate that a school-based mindfulness/yoga program is easily accessible,
acceptable to students/staff and feasible to incorporate into schools that serve underprivileged and
stressed youth [127].

A landmark study was recently performed in 2016, again in two inner-city public schools
in Baltimore, MD. This large RCT examined in 300 students, randomized to receive either the
Mindfulness Based Stress Reduction (MBSR) program, developed by Jon Kabat-Zinn, or a healthy
education program (Healthy Topics (HT)) for an intervention period of 12 weeks. The two groups
were comparable at baseline: average age was 12 years, 50.7% female, 99.7% African American,
and 99% eligible for free lunch. After the 12-week intervention program, the results were
quite significant with the MBSR students reporting lower levels of depression, self-hostility and
other negative affective complaints than the group who received HT education (p < 0.05) [128].
These outcomes suggested that underprivileged, vulnerable and disadvantaged youths could
significantly benefit from mindfulness-based programs in school, particularly with negative
psychological symptoms and developing improved coping mechanisms for stress.

Of great significance is the impact that these positive outcomes may have as children mature—it is
a well-appreciated fact that many adult diseases have their genesis in childhood, especially those
due to high exposure to stress and trauma [128]. In a research review from 2014, Hagen et al.
proposed that educational facilities including pre-schools, schools, and community centers offer
yoga and mindfulness-based programs for children and adolescents. The authors suggested that these
school-based programs may help students improve self-regulation of emotions, stress-coping skills,
resiliency and overall mood. They concluded that for young people to start practicing mind-body
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techniques from an early age may prevent future generations from experiencing more stress in their
adult lives. [114].

14. Conclusions

Ongoing research into yoga and mindfulness-based practices continues to reveal and uncover
health benefits, supporting its use in health management.

Although there have been many published studies and research trials demonstrating and
advocating yoga as a treatment and/or adjunct therapy for multiple disease entities, there are
limitations that should be noted for a number of these studies. Many of these studies are single-center
trials, have small and/or low-powered sample sizes and use non-standardized methodologies with
short follow-up periods. It also should be noted that the field of yoga research encompasses the inherent
dilemma of the wide variety of yogic practices used as interventional therapies. Larger, multi-centered
studies using standardized yoga programs and uniform methodologies with long-term follow-up and
outcomes are needed.

The practice of yoga is not as easy or as quick as taking medication, but mounting evidence
suggests it is worth the effort and investment. Yoga helps one to reconnect with oneself. It can help
to uncover why and how one’s illness may have started, and can work with the body to start the
recovery period from the ground up. The practice can help one to see how they may be reacting to the
world around them, and may help them learn to respond from a different perspective. Slowing down,
quieting our minds and connecting with our inner selves all help to bring one into the present moment.
This can ultimately help to relieve one from the pressures and stressors from the hustle and bustle of
this very busy world.

Conflicts of Interest: The author declares no conflict of interest.
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Abstract: While the efficacy of cognitive-behavioral treatment (CBT) approaches for childhood
functional abdominal pain (FAP) is well-established for child outcomes, only a few studies have reported
on parent-specific outcomes. This randomized controlled pilot trial analyzed effects of a group CBT on
maternal variables (i.e., pain-related behavior, worries and self-efficacy, as well as general psychosocial
strain). Methods: The sample constituted of 15 mothers in the intervention group (IG) and 14 mothers in
the waitlist control group (WLC). Outcome measures were assessed pre-treatment, post-treatment and
at three months follow-up. Results: Analyses revealed significant, large changes in maladaptive maternal
reactions related to the child’s abdominal pain in the IG compared to the WLC—i.e., reduced attention
(d = 0.95), medical help-seeking (d = 0.92), worries (d = 1.03), as well as a significant increase in behaviors
that encourage the child’s self-management (d = 1.03). In addition, maternal self-efficacy in dealing
with a child’s pain significantly increased in the IG as well (d = 0.92). Treatment effects emerged
post-treatment and could be maintained until three months follow-up. There were no effects on general
self-efficacy and maternal quality of life. Conclusion: While these results are promising, and underline
the efficacy of the CBT approach for both the child and mothers, further studies, including long-term
follow-ups, are warranted.

Keywords: functional abdominal pain; parents; CBT; behavior; self-efficacy; RCT; waitlist control

1. Introduction

Functional abdominal pain (FAP) is very prevalent in childhood [1], highly impairing [2]
and persistent when untreated [3]. Not only do the children suffer from increased psychological
distress [4,5] and a poor health-related quality of life [6,7], childhood FAP also affects the family
functioning and is commonly associated with parental stress [8]. Furthermore, literature suggests
that parents often influence a child’s coping and course of abdominal pain [8,9] therefore a parent‘s
reaction when the child experiences pain can be pivotal. This is especially true for parental protective
behaviors, such as excusing the child from school or household chores and increased attention when
their child is in pain—which are often seen as maladaptive behaviors—and can be associated with
a child’s impairment [10–12] and increased healthcare use due to abdominal pain [13].

Current literature reports that a significant number of parents experience high psychological strain
and a poor quality of life [14–16]. Taking this into account, analyses of treatment effects on parents’
psychosocial well-being should be of interest to researchers as well. The efficacy of cognitive behavioral
treatment (CBT) approaches for FAP, in reducing a child’s pain and disability, is well-established [17–20].
Despite the critical role parents play in pediatric pain, comparatively few data exist focusing on
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parent-specific outcomes in relation to these approaches [21,22]. Results from controlled trials have
suggested that significant effects on parental protective behavior and threat beliefs can be seen up to
12 months post-intervention [23–25]. A short-term improvement of maladaptive parental responses
was also reported [25]. However, thus far, there is no data analyzing the effects on parents’ self-efficacy,
which can be an important mediating mechanism underlying behavioral changes [26,27]. In pediatric
pain research, self-efficacy refers to the perceived competence in dealing with pain in everyday life [28].
Analyzing this construct may extend current knowledge on parent-specific treatment effects [22] and
could identify possible mediators for long-term sustenance of change.

This report aims to fill these gaps by analyzing the effects of an outpatient, manualized CBT group
for children suffering from FAP (described in [29]), on the mothers’ behavior, worries, self-efficacy
and quality of life. Data are derived from a randomized controlled trial (RCT) that included a waitlist
control group (WLC) and three months follow-up. Positive, large-sized effects on self-reported pain,
coping and health-related quality of life were observed in the children‘s outcomes [30,31]. In line with
these favorable effects on the affected children, we hypothesize that the mothers in the intervention
group (IG) compared to the WLC, will report a more pronounced reduction of child’s pain and
gastrointestinal (GI) symptoms.

Additionally, we hypothesize that mothers in the IG compared to the WLC will show a more
pronounced reduction in: (1) attention, protective behavior, medical help-seeking; in (2) pain-related
worries; and a more pronounced increase in (3) behavior encouraging child’s self-management;
and in (4) their self-efficacy in dealing with the child’s pain. In an exploratory manner, we will analyze
whether positive changes will also be observed in the mothers’ general self-efficacy and quality of life.

2. Materials and Methods

2.1. Study Design and Procedure

The study is a prospective RCT with a parallel waitlist design for the evaluation of a group
cognitive behavioral program for children aged 6–12 years suffering from FAP (Current Controlled
Trials registration ISRCTN 69830258). Figure 1 displays the RCT flow chart, which follows CONSORT
guidelines. The complete CONSORT checklist is provided (Table S1) as an online supplementary
document. Eligible families were recruited from an epidemiological study on the psychological
well-being of primary school children over a 15-month period (recruitment: April 2008–July 2009).
Eligibility criteria for further medical and psychological examination referred to the children, and were
defined as the occurrence of chronic abdominal pain at least once a week and lack of organic findings
which could account for the symptoms. The 144 eligible cases were invited for further examination to
confirm self-reported questionnaire data. This included referring the child for a medical examination
for the diagnosis of pediatric FAP and a psychological examination by a standardized diagnostic
parent interview [32] to eliminate the possibility that the child fulfills criteria for a psychiatric disorder,
according to ICD-10. For pain symptomatology, Rome-III diagnosis of Functional Abdominal Pain
Syndrome (FAPS) [33] had to be fulfilled. Diagnosis of FAPS, according to Rome III, requires abdominal
pain at least once per week for at least two months, along with associated impairment in everyday life
or occurrence of other bodily complaints. A detailed description of the study design can be found in
previous publications by the authors [30,31].

In total, 29 families were included and randomized to either the IG (n = 15) or the WLC (n = 14),
applying a 1:1 allocation ratio. A computer-assisted randomization sequence was generated, with no
restriction, and conducted by a person not involved in the study, and one of the authors enrolled
the participants and assigned them to interventions based on the randomization results. Due to
the waitlist control design, blinding was not possible. Data were collected at diagnostic examination
(T0), two weeks pre-treatment (T1), 2 weeks post-treatment (T2) and 3 months post-treatment (T3).
Data collection, as well as the intervention, took place in the outpatient Patient Training Center (PTC)
for chronically ill children and their parents, associated with the Counseling Psychology Department
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of the University of Potsdam, over a 20-month period (interventions: April 2008–December 2009).
In the IG, four groups were conducted consecutively. One child in the IG dropped out after
the second child session due to an injury (broken leg) and the family did not participate any longer in
the training program (the parents did not take part in the parent session, which was scheduled after
the third child session) [29]. The participants in the WLC were offered a participation in the training
program, only after completion of T3 assessments, which was approximately five months after
inclusion. The study was approved by the Ethics Committee of the University of Potsdam.

Figure 1. Trial flow chart. Adapted and extended for parent analysis from [31].

2.2. Intervention

Families assigned to the IG received the manualized, cognitive-behavioral, child-centered group
intervention entitled “Stop the pain with Happy Pingu” [29], including six group sessions for
the children (weekly; each 90 min) and one parent group session (90 min). The primary aim of
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the training was to enhance the children’s self-management skills to cope with their pain. In order to
attain this goal, children participated alone in the sessions without their parents, learned different skills
to cope with their pain and were encouraged to do their regular homework (relaxation and practice
of coping skills) on their own. In particular, children were instructed to apply cognitive-behavioral
techniques, such as progressive muscle relaxation, distraction, cognitive restructuring and stopping
negative thoughts [29,31].

The main goal of the parent session was to foster trust in the new competencies that the child
had acquired. Parents received detailed information about the contents of the preceding sessions with
the children and the biopsychosocial disease model underlying the intervention. Thereby, parents were
asked to reflect on their own role in maintaining the disorder. The group training allowed the mutual
exchange of personal experiences and the discussion of potential maladaptive reactions. In particular,
parents were encouraged to rely on the competencies the child had learned and to support their child
to implement these skills in their pain-coping activities. This was based on a mutual exchange led
by the trainer, not on practices of behavioral responses. In addition, parents were informed how to
recognize clinical alarm signals, according to the recommendations of the Subcommittee on Chronic
Abdominal Pain in Children [34]. Since carbohydrate malabsorptions are common concerns in children
suffering from FAP, nutritional guidelines were discussed, with the focus on a balanced diet [29].
This part of the parent session was conducted by a nutrition scientist, with the remaining contents,
as well as the child sessions, conducted by one of the authors.

2.3. Measures

For this study, primary outcomes refer to pain-related measures (i.e., parental perception of pain
and GI symptoms, parent’s behavior, worries and self-efficacy). Secondary outcomes refer to general
self-efficacy and the parent’s quality of life. In addition, treatment satisfaction in the IG was also
assessed. Except for the demographic and socioeconomic measures (T0), primary and secondary
outcome data were assessed pre-treatment (T1), post-treatment (T2) and at 3 months follow-up
(T3). Parents of the intervention group reported on treatment satisfaction for the intervention at
post-treatment (T2).

2.3.1. Demographic and Socioeconomic Measures

Child age, gender and number of siblings were reported by the mothers. In addition,
child psychological distress was assessed in the parent report of the validated German version of
the Strengths and Difficulties Questionnaire (SDQ) [35]. To evaluate its clinical impact, the total problem
score was compared with German normative values; scores were classified as normal, borderline and
abnormal psychological distress. Socioeconomic status (SES) was assessed according to the procedure
defined by Blossfeld [36], which was a validated and broadly used measure to include the parent‘s
educational level and current work situation.

2.3.2. Treatment Satisfaction

To assess treatment satisfaction, we adapted the parent version of the Therapy Evaluation
Questionnaire [37], a validated questionnaire originally developed for the psychotherapy setting.
In our study, 15 of the 21 items were adapted to properly fit to our context (i.e., “therapy”/”therapist”
was replaced by “training”/”trainer” and “problem” was replaced by “pain”). The 21 items were
split into two scales: treatment success (7 items, e.g., “I got a better understanding of child’s pain”;
“I was able to positively change my behavior in the course of training”) and treatment process
(14 items, e.g., “The trainer understood our situation”; ”I was able to openly talk to the trainer
about the problems which made us come here”). Answer format was on a 5-point scale: (1) not at
all/never; (2) hardly/seldom; (3) partly/sometimes; (4) predominantly/mostly; (5) exactly/always.
According to the manual, we also calculated the total score as the mean of all items. The questionnaire
was administered to the mothers of the IG at the T2 session post-treatment (n = 14). The raw scores and
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total score had good internal consistencies (treatment success: α = 0.83; treatment process: α = 0.81;
total score: α = 0.89). Scale scores and the total score were compared with normative data.

2.3.3. Parental Perceptions of Changes in Abdominal Pain

Mothers were asked about changes in their child’s abdominal pain symptoms (i.e., intensity,
duration and frequency) in short, standardized interviews conducted by a psychologist at T1,
T2 and T3. Answers were recorded on graded scales for a standardized recording of answers.
Data from pre-intervention assessment (T1) referred to the last seven days and included pain
location, intensity, frequency and duration. T1 data were then analyzed for a sample description.
At post-intervention (T2) and follow-up (T3), parents were asked to rate the change of pain since
the end of the intervention (“How did the abdominal pain change since the end of the intervention?”)
with respect to the overall change of pain (very much improved; somewhat improved; not changed;
somewhat worsened; very much worsened), perceived changes in pain intensity (intensity decreased;
not changed; intensity increased), perceived changes in pain frequency (frequency decreased;
not changed; frequency increased), and perceived changes in duration of pain (duration decreased;
not changed; duration increased). These T2 and T3 data were analyzed descriptively and presented in
the results section.

2.3.4. Parent-Reported Outcome Measures

The following parent-reported outcome measures were assessed at all three points of
measurement (T1–T3).

(1) Gastrointestinal Symptoms: Mothers were asked to report on their child’s GI symptoms in
accordance with the current Rome-III classification (“My child was suffering during the last month
from . . . ”; six items: abdominal pain, diarrhea, constipation, nausea, vomiting, bloating; [33]).
Items of this symptom list were answered on a five-point frequency scale (never, almost never,
sometimes, often, almost always). We calculated a mean score as an indicator of GI symptom
severity, which yielded an acceptable internal consistency (Cronbach’s alpha = 0.72).

(2) Parental pain-related behavior: A self-developed 24-item questionnaire was administered,
covering different adaptive and maladaptive aspects of parental behavior and worries related
to their child’s abdominal pain. Following the introductory sentence, “When my child has
abdominal pain, . . . ” mothers rated their reactions on a five-point Likert scale (never, seldom,
sometimes, often, always). The inventory comprises the following six subscales: “protection”
(five items, e.g., “let him/her stay home from school”; “allow things which are usually forbidden”;
α = 0.77), “attention” (6 items, e.g., “I comfort my child”; α = 0.77), “medical help-seeking and
home remedies” (4 items, e.g., ”I consult a doctor”; “I give him a hot water bottle”; α = 0.72),
“support child’s coping” (3 items, e.g., “I support my child to distract on his own”; “I support
my child to relax on his own”; α = 0.86) , and “worries” (6 items, e.g., “I am worried”; “I am
concerned about my child’s future”; α = 0.83). Compilation of the items was based on literature
of parent behavior [38,39] and pre-tested in another pilot-study [40]. Psychometric properties
were sufficient with internal consistencies >0.70 for all scales and sufficient selectivity for all items
(part-whole-correlations >0.30). As hypothesized, the scale “protection” showed significant
positive correlations to attention (rT1 = 0.406, p = 0.029), medical help-seeking (rT1 = 0.404,
p = 0.030) and worries (rT1 = 0.436, p = 0.018). The negative correlation to the scale “support
child’s coping” was not statistically significant (rT1 = −0.189, p = 0.327).

(3) Parental pain-related self-efficacy: We adapted a validated, illness-specific self-efficacy scale
for parents with children suffering from atopic dermatitis or asthma [41,42] to measure
pain-specific self-efficacy expectations. The pain-specific self-efficacy scale was preceded by
a short introduction (“Dealing with abdominal pain challenges you. We would like to know how
confident you are about dealing with those challenges.”). The nine-item scale covers self-efficacy
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expectations with respect to preventive actions (two items; e.g., “My child spontaneously wants
to do something that could worsen the pain. I am able to refuse his/her wish.”), being consequent
(two items; e.g., “My child is in pain in the morning and doesn’t want to go to school. I am able
to encourage my child to go to school.”), as well as intervening actions when the child is in acute
pain (Five items; e.g., “My child is in hard pain. I am able to distract my child.”). The items were
answered on a six-point Likert scale (“very unsure”–“very sure”). Internal consistency of the total
score for parental pain-specific self-efficacy was acceptable (Cronbach’s alpha = 0.72).

(4) General self-efficacy: Self-efficacy was measured by the validated and broadly used General
Self-Efficacy Scale (GSES; [43]). Schwarzer and Jerusalem [44] report internal consistencies from
0.82–0.93 and a 2-year retest-reliability of 0.47 (men) and 0.63 (women). The GSES total score is
positively associated with self-esteem and optimism, and negatively correlated with anxiety and
depression [43]. The GSES covers 10 items, enquiring about the subjective evaluation of one’s ability
to cope with new or difficult demands in life (e.g., “When there are obstacles, I find my way to
assert myself”; “I can find a solution for every problem”). Answer format was four-point (“not true”,
“hardly true”, “somewhat true”, “exactly true”). Higher raw scores are associated with higher
perceived self-efficacy. Internal consistency in our sample was excellent (Cronbach’s alpha = 0.92).

(5) Parental quality of life: We used the “Ulm Quality of Life Inventory for Parents of Chronically Ill
Children” (ULQUIE) [45] to assess mothers’ self-reported quality of life. The questionnaire was
developed for parents of chronically ill children and has been shown to discriminate between
clinical and non-clinical groups, as well as different stages of illness [45]. The authors had reported
acceptable to good internal consistency for the total score in the validation study on 244 parents
of chronically ill children [45]. The 29 items have a five-point answer format (never, seldom,
sometimes, often, always) and refer to the last seven days. The wording was adapted to our study
and “chronic illness” was replaced by “abdominal pain”. We used the total score as a global
measure for mothers quality of life, which yielded excellent internal consistency in our sample
(Cronbach’s α = 0.91).

2.4. Data Analysis

Statistical analyses were carried out using SPSS Statistics (Version 22). All scale scores were
transformed to the range of 0–100 to enhance comparability of measures within the study. Effects for
primary and secondary outcomes were analyzed by two-factorial analysis of variance for repeated
measures, using group (IG × WLC) and the factor time (T1 × T2 × T3) as a repeated measurement
factor. Hypotheses refer to a significant group × time interaction (i.e., an increase or decrease of
measures in mothers of the IG compared to the WLC over the three measurement points). In case
of significant overall effects, changes from T1–T2, T1–T3 and T2–T3 in the outcome measure will
be analyzed by post hoc tests, applying Bonferroni correction of alpha-level. Main effects for group
and time will be reported as well. In case the assumption of sphericity is violated (Mauchly-Test),
the Greenhouse–Geisser correction of degrees of freedom and significance level will be applied [46].
In an exploratory fashion, changes in child pain will be correlated with changes in maternal outcomes.
For this, results with at least a statistical trend (p < 0.100) will be reported. Change will be measured
by the mean difference in the outcomes between T1–T2 and T1–T3.

As previously mentioned, one child dropped out from the IG due to a physical injury after
the second of six sessions. No other adverse events occurred. For this one case, the mother did not
participate in the parent session and the parent report of the post-intervention and their 3 month
follow-up is consequently missing. We replaced the missing data of this case for T2 and T3 according
to the last observation carried forward (LOCF) method for an intention to treat (ITT) analysis (Figure 1).
Besides the ITT analysis, data were also analyzed by per protocol analysis (PPA). Besides this
one dropout, we were able to report a full retention rate. There was no a priori power calculation for
this study, as power calculation was performed for child’s self-reported abdominal pain, which was our
main outcome of the trial [31]. For the current analysis on maternal effects, we performed a post hoc
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power calculation and defined a power of 1-β >0.80 as sufficient. For each effect, Cohen’s d was used
as a measure for effect size. Cohen’s d represents the treatment effect in units of standard deviations
(SDs), with interpretation of Cohen’s d = 0.20 as a low, d = 0.50 as a moderate and d = 0.80 as a high
effect. Significance level was set at alpha = 0.05.

3. Results

3.1. Sample and Baseline Pain Characteristics

The 29 randomized children were between 6.6 and 11.9 years old (M = 9.59, SD = 1.54),
and predominantly girls (n = 25; 86.2%). All 29 children were suffering from abdominal pain for
three months or longer. For the parents in the IG, all mothers participated in the parent sessions and
in two cases, the fathers participated as well. With respect to the data analysis, only the mothers of
the IG and WLC participated in the assessment sessions T1–T3. There were no missing data, except for
the one dropout, and therefore 14/15 randomized mothers in the IG participated in the parent session.
A summary of demographic and baseline pain characteristics can be found in Table 1.

Table 1. Demographic data and baseline pain characteristics of the sample (n = 29).

Variables IG (n = 15) WLC (n = 14) p-Value

Single parent
0.280yes 14 11

no 1 3
Educational level mother

0.362≤10 years 5 7
>10 years 10 7

Educational level father

0.909
≤10 years 4 4
>10 years 11 10

Job situation mother
not employed 1 1

0.960(self-) employed 14 13
Job situation father

not employed 0 0
NA(self-) employed 15 14

Number of siblings
M (SD) 1.79 (1.67) 1.50 (0.76) 0.566
range 0–7 1–3

Psychological distress of the child 1

Total problem score
Normal 8 11

0.415Borderline 5 2
Abnormal 1 1

Abdominal pain intensity (last 7 days)
M (SD) 3.00 (1.00) 2.64 (1.28) 0.407
range 1–4 1–5

Abdominal pain frequency *
M 9.13 11.61 0.396
SD (4.91) (9.55)
range 2–20 3–30

Abdominal pain duration **
M (SD) 57.13 (34.41) 61.79 (73.00) 0.826
range 15–120 10–300

All variables were collected from the mother’s report. All frequencies are depicted for the number of cases n;
for metric variables, mean (M), standard deviation (SD) and range are depicted. p-value refers to the significance
value according to χ2/t-test when p < 0.05. NA, not applicable (as there were no cases of unemployed fathers,
group comparisons were not conducted); IG, intervention group; WLC, wait list control group. 1 data on
psychological distress (n = 14 in the IG due to missing item) are based on German normative values [35] and
are published for the total sample in [30]; * number of days last month; ** minutes on average.

116



Children 2017, 4, 13

3.2. Initial Analyses

All outcome measures were tested for a priori baseline differences between groups. There was
a significantly higher baseline value in the IG only for the total score of quality of life (t(27) = 2.187,
p = 0.038), which is included as a covariate in the repeated measures analysis for this outcome.
Between mothers in the IG versus WLC, there were no baseline differences at T1 in the sum score
of GI symptoms (t(27) = 1.111, p = 0.276), pain-related self-efficacy (t(27) = −1.725, p = 0.096) and
general self-efficacy (t(27) = 0.297, p = 0.789). Mothers did also not differ on the baseline measures of
pain-related behavior and worries (attention t(27) = −0.938, p = 0.357; protection t(27) = −1.678,
p = 0.105; support child’s coping t(27) = −1.427, p = 0.165; medical help-seeking t(27) = −0.346,
p = 0.732; worries t(27) = 0.683, p = 0.500).

Treatment Satisfaction

For the IG, the mothers’ evaluation of the intervention yielded high scores on the different scales
of treatment success (M = 74.75, SD = 13.54, range 53.57–92.86) and treatment process (M = 96.05,
SD = 4.49, range 87.50–100). The total score for treatment satisfaction was therefore high (M = 88.95,
SD = 7.16, range 76.19–97.62). Taking the German cutoff values (percentile ranks: 0–10 clearly under
average; 11–25 under average; 26–75 average; 76–90 over average; 91–100 clearly over average; [37]),
treatment success was rated under average in 21.4% of participants; as average in 7.1%; as over average
in 14.3% and as clearly over average in 57.1%. For the scale treatment process, 100% of ratings were
over average. Taking the total score, 100% of ratings were categorized as clearly over average.

3.3. Primary Outcomes

3.3.1. Maternal Perceptions of Changes in Pain

Analysis of the mother’s evaluation of changes in pain revealed highly significant differences
between the groups, both for post-intervention T2 and for the follow-up assessment T3. As items were
not assessed at T1, the dropout data could not be replaced in this analysis, resulting in 14 participants
analyzed in the IG. For the overall change of pain at T2, 13/14 mothers in the IG reported that pain
had very much improved (n = 1 reported somewhat improved), whereas in the WLC, 10/14 reported
no change (n = 3 reported somewhat improved and n = 1 worsened; χ2(3) = 25.00, p < 0.001). Results at
T3 were comparable. For the overall change at T3, 13/14 mothers in the IG reported that pain had
very much improved (n = 1 reported somewhat improved), whereas in the WLC, 12/14 reported no
change (n = 1 reported very much improved and n = 1 very much worsened; χ2(3) = 24.29, p < 0.001).
A similar pattern was found when analyzing the data for pain intensity, frequency and duration (data
not shown).

Table 2 summarizes the results of repeated measures ANOVA for the outcomes GI symptoms,
pain-related self-efficacy, general self-efficacy and maternal quality of life. Results for maternal
pain-related behavior and worries are summarized in Table 3.
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3.3.2. Gastrointestinal (GI) Symptoms

In line with our hypothesis, we found a significant decrease in the occurrence of child’s GI
symptoms overtime, as perceived by the mothers, in the IG compared to the WLC (interaction
F(2, 54) = 6.345, p = 0.003, d = 0.97). Of note, there was also an overall main time-effect (Table 2) and both
groups showed a decrease from study inclusion to the T2 assessment (time effect F1-2(1, 27) = 12.871,
p1-2 = 0.001, d1-2 = 1.38).

However, there was a significant decrease of GI symptoms in the IG during the follow-up time
span between T2–T3 (interaction F2-3(1, 27) = 5.390, p2-3 = 0.028, d2-3 = 0.89) and overall from T1 to T3
(interaction F1-3 (1, 27) = 13.128, p1-3 = 0.001, d1-3 = 1.39), with large effect sizes.

3.3.3. Pain-Related Self-Efficacy

In line with our hypothesis, we found a significant and large-sized increase in maternal
pain-related self-efficacy in dealing with child’s abdominal pain in the IG over time (group × time
interaction F(1.58, 42.78) = 5.660, p = 0.011, d = 0.92). Post hoc analyses for the interaction term
revealed significant changes with large effect sizes from T1 to T2 and overall from T1 to T3 (Table 2).
While from T2 to T3 the scores further increased in the IG, the interaction term was not significant
(F2-3(1, 27) = 1.101, p2-3 = 0.303, d2-3 = 0.40).

3.3.4. Maternal Pain-Related Behavior

We found significant, large treatment effects (d = 0.92–d = 1.03) consistent with all hypotheses for
attention, medical help-seeking, support child’s coping and worries. Post hoc analyses revealed that
all changes were significant from T1 to T2 as well as overall from T1 to T3, with large effect sizes from
d = 0.93–d = 1.33. Detailed results for the main effects (time, group) and treatment effect (group × time
interaction, including post-hoc analyses for interaction) are summarized in Table 3. For the follow-up
time span, the changes in the IG could be maintained and significant group differences with large effect
sizes emerged, consistent with the direction of hypotheses (d2-3 = 2.10 for significant less attention in
the IG, d2-3 = 1.22 for less medical help-seeking and home remedies, d2-3 = 0.94 for less worries and
d2-3 = 0.80 for more support of child’s coping).

The scale “protection” was the only one for which results were not consistent with hypotheses,
as the interaction term was not significant (F(2, 54) = 0.775, p = 0.466, d = 0.34). On a descriptive
level, scores were reduced in the IG by on average 9.67 points, however, there were also large-sized
differences on group level overall and at all time points (F1-2(1, 27) = 6.437, p1-2 = 0.017, d1-2 = 0.98;
F2-3(1, 27) = 12.494, p2-3 = 0.001, d2-3 = 1.37); F1-3 (1, 27) = 8.331, p1-3 = 0.008, d1-3 = 1.11).

3.4. Secondary Outcomes

3.4.1. General Self-Efficacy

Analysis of variance revealed a significant increase of general self-efficacy in both groups over
time (main effect time F(2, 52) = 3.747, p = 0.030, d = 0.76). Scores increased from T1 to T3 on
average by 5.78 (IG) respectively 4.36 (WLC) points. Changes in time were significant from T2
to T3 (F2-3(1, 26) = 5.078, p2-3 = 0.033, d2-3 = 0.88) and T1–T3 (F1-3(1, 26) = 5.438, p1-3 = 0.028, d1-3 = 0.92).
There was no significant main effect for group (F(1, 26) = 0.146, p = 0.705), nor group × time interaction
(F(2, 52) = 0.201, p = 0.818; Table 2).

3.4.2. Maternal Quality of Life

Analysis of covariance controlling for the baseline T1 value did not show significant effects for
time (F(1, 26) = 1.228, p = 0.278), group (F(1, 26) = 0.021, p = 0.886) or for group × time interaction
(F(1, 26) = 0.497, p = 0.478). However, statistical power was insufficient, ranging from 1-β = 0.05–0.37
for the ULQUIE analyses (Table 2).
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All presented results were derived from an ITT analysis. Result patterns of the PPA were similar,
with increased effect sizes.

In an exploratory manner, we analyzed whether changes in the child’s pain corresponded with
changes in maternal outcomes. Only results with p < 0.100 were reported. For the child’s pain, we used
both the GI symptom score as perceived by the mother, as well as the child’s self-reported pain as
a mean score covering pain intensity, frequency and duration per day. Data for the pain diary were
derived from a previous publication [31] and are based on a 14 day pain diary. Bivariate correlations
within the IG showed that for changes between T1 and T2, a pronounced decrease of self-reported
abdominal pain was positively correlated with a pronounced decrease of maternal attention (r = 0.519,
p = 0.047). A pronounced decrease of mother-reported GI symptoms corresponded with a higher
increase in the support of child’s coping (r = −0.509, p = 0.052) and higher decrease in help-seeking
(r = 0.464, p = 0.082), although not statistically significant. For the overall change between T1 and T3,
a pronounced decrease in GI symptoms was significantly correlated with a pronounced decrease in
help-seeking (r = 0.596, p = 0.088).

4. Discussion

While the efficacy of CBT on a child’s pain has been confirmed in several studies [17,18,20,47,48],
only a few studies have reported on changes in parent outcomes [23–25]. This paper aimed to analyze
whether any effects on the mothers of children suffering from FAP were noticeable, after participation
in a group CBT focusing on their child’s self-management. We observed significant, large-sized
effects, even though only one parent session was included. We first analyzed changes in the mother’s
perception of her child’s symptom load. Mothers in the IG reported a clear improvement of abdominal
pain and GI symptoms, which is in line with results for proxy reported pain in other treatment
trials for FAP [23,24,49,50] and also corresponds to previously reported positive effects reported by
the children [31].

We also assessed a broad range of pain-related maternal behaviors. According to the cognitive-behavioral
pain model, hypotheses differentially referred to an increase of adaptive behavior, defined as supporting
the child’s coping skills (i.e., distraction and relaxation), and a decrease of maladaptive behavior,
defined as attention to pain, protective behavior and medical help-seeking. With the exception of
protective reactions, all treatment effects on maternal behavior were significant, with large effect
sizes and even maintained over the follow-up span. These results suggest that a broad range of
maternal behavior can be influenced by even a short intervention. Palermo et al. [25] also reported
similar significant, medium sized effects on parent’s encouragement of their child’s activities.
In addition, in an uncontrolled study, Frerker et al. [51] observed long-term reductions in solicitous
behavior and short-term increases in distraction after treatment. Contrary to hypotheses and other
trials [23–25], no significant decrease of protective reactions in the IG compared to the WLC was
observed. A floor effect might explain this result, since despite the fact that scores halved from
pre-intervention to follow-up in the IG, the IG displayed very low scores already at pre-treatment,
impeding further improvement.

Consistent with our hypothesis, the mothers in the IG also reported significantly less worries
concerning their child’s abdominal pain at follow-up, which might imply that psychoeducation was
successful (“pain is real, but not dangerous”). These results are promising, as there is evidence that
the parent’s conceptual pain model is critical for their child’s prognosis [52]. Other CBT trials also
report effects on parental cognitive-affective variables, like the reduction of perceived threats [24] and
reduction of self-blame [25]. Participation in the training program also led to significant improvements
in the mother’s pain-related self-efficacy, which is in line with research on other chronic diseases [41,42].
Thus far, no trial in childhood FAP research has included parent’s pain-specific self-efficacy as
an outcome measure. As perceived self-efficacy constitutes an important variable in the context
of chronic illness, explaining and predicting the implementation of treatment [28,42] and behavior
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change [27], further investigations of the parent‘s pain-specific self-efficacy might give additional
insight into other mechanisms of change.

Taking recent systematic reviews into account [21,22,53], evidence for treatment efficacy on parent
and child outcomes, may also depend on the degree to which the parents are involved. Recent studies
have reported that parental involvement varies between 25%–50% of total therapy time [53] and
also varies with respect to the setting. In our intervention, parental involvement was comparably
low, with a 6:1 ratio of child to parent therapy time (14% of total therapy time)—despite the young
age of the children in our sample. Of note, trials can differ greatly with respect to the age range
of participants. While we focused on younger children aged 6–12 years, others included a broader
age range (e.g., aged 7–17 years [23] or only older children and adolescents aged 11–17 years [25]).
However, the specific contents of these parent interventions are quite similar, covering, for instance,
psychoeducation on FAP, the cognitive-behavioral model and discussions of parental behavior [23,49].
Since all other interventions have included more comprehensive parent sessions [22,53], the large-sized
effects on parent outcomes are especially of interest. Perhaps parent involvement in FAP treatment
does not need to be very extensive, as our results indicate that the approach of one accompanying
parent session is still very effective.

In accordance with integrative views on childhood chronic pain [8,54], the effects of our
intervention effect the child as well as the parent—which probably interact with one another in
a self-reinforcing circle of positive effects. The improvement of maternal behavior might positively
influence changes on the child level, while the reduction of child’s pain and impairment may be a motor
for change in the mother’s behavior and worries. Levy et al. [55] found that changes in a parent’s
threat perception significantly mediates changes in the child’s pain. Although these conclusions are
limited due to the small sample size, exploratory correlation analyses provided promising first results
on the mutual benefits of a child’s pain and maternal behavior. Future trials should systematically
analyze both the child and parent effects of CBT interventions and mediational pathways, in order to
gain further insight into possible reciprocal effects of treatment.

One further conclusion of this trial is that while we observed large-sized treatment effects
on almost all abdominal pain-related measures, the constructs conceptualized on an unspecific,
general level were not affected by treatment.

With respect to general self-efficacy, we did not observe an intervention effect. To put this
in context with the level of self-efficacy, we compared the score of our total sample (n = 29) at
baseline (M = 30.90, SD = 4.38; range 19–40) with the score of the normative sample derived from
the validation study [56]. Paired t-test revealed that our sample reported even significantly higher
general self-efficacy than the normative population-based score for adult women (M = 28.8, SD = 4.9;
p = 0.015). Based on these results, the non-significant effects on general self-efficacy could be attributed
to a ceiling effect. We can only speculate that the comparatively high level of self-efficacy might have
catalyzed the significant changes found in pain-specific measures of self-efficacy and behavior in the IG.
However, the potentially positive effects of general self-efficacy pointed out by other studies [57] needs
to be analyzed in larger samples. In general, the different treatment responses of pain-specific versus
general self-efficacy, as found in this study, are in line with the current literature. Since for chronic
conditions, disease-specific measures are more sensitive to change [58,59] and accordingly, treatment
effects for parents in the context of other pediatric chronic conditions have also been reported [60].

We also did not observe significant changes in the mother’s quality of life in our sample.
This might be attributable to the fact that treatment content of the parent session was focused on
pain-specific issues like the disease model and the child’s coping with pain, and therefore changes in
the parent’s general well-being were not primarily focused on. One other reason might also be that for
the mother’s quality of life, we already observed high levels at baseline. Exploratory comparisons to
other ULQUIE data show that our sample, with M = 72.09 and SD = 10.72 for the total score in both
groups at baseline, not only showed significantly higher scores than reported for parents of children
with other chronic pediatric conditions [61,62], but also that values did not significantly differ from

122



Children 2017, 4, 13

a healthy control sample (M = 74.0, SD = 28.6, p = 0.345; [61]). These data might suggest that parents in
our trial were not severely strained to begin with. This is in line with results from a study on parental
quality of life in a sample of parents with children suffering from inflammatory bowel disease who also
reported higher quality of life scores in most of the domains [63]. On the other side, this observation
contradicts other evidence on increased maternal psychosocial strain in FAP samples (e.g., [14–16]).
It can be assumed that the relatively high scores on maternal quality of life in our study are attributable
to the fact that recruitment for this trial took place in the general population, not in a clinical setting.
To the best of our knowledge, there are few data on the quality of life of parents with children with
FAP; therefore further studies with more representative samples are warranted.

This trial also has to be reviewed in the context of methodological strengths and limitations.
We included various dimensions of parental experience and behavior as outcome measures and we
were consequently able to draw differentiated conclusions, not only regarding maladaptive maternal
reactions, but also regarding adaptive reactions and pain-specific self-efficacy. While the measure
for parent behavior was a self-developed questionnaire based on clinical experience and literature,
psychometric properties were satisfactory. Assessment of changes in child pain was conducted by
an interview, which was standardized, but did not include established measures for pain assessment
like a Numeral Rating Scale. Of note, the data on changes in pain are the mother’s subjective perception
of her child’s pain level and not meant to be a validated proxy marker for the child’s pain experience.
However, maternal perceptions of child’s pain are considered as important pathways for change and
pain-related outcomes like healthcare seeking [23,64]. Additionally, this RCT was conducted according
to CONSORT guidelines. The retention rate over the follow-up time span was excellent (96.6%) and
there were no missing data on the questionnaires. The intervention was standardized and is available
as manualized treatment program [29]. However, one should mention the comparably low sample size,
with <20 individuals in each treatment arm, which can be traced back to the calculation of the sample
size for the primary study outcome [31]; however, statistical power was sufficient for the main analyses
in this paper (1-β > 0.80). As a common problem in pediatric pain research, only mothers participated
in the assessment sessions and therefore we unfortunately do not have data of the fathers. However,
Frerker et al. [51] did not find different changes in parental behavior after treatment in mothers versus
fathers. Nonetheless, RCTs including a sufficient number of fathers are warranted to enable conclusions
with respect to gender-related treatment effects. In addition, interpretation and generalizability of
results may be constrained due to the selectivity of the non-treatment-seeking sample with a high
rate of decliners for further examination and single-site conduction of this trial. Replication of results,
including a multi-site approach with a one-year follow-up and active control group, is currently
ongoing [65].

The evaluations of our CBT program gave not only promising evidence for its efficacy, but it
also identified possible decisive catalysts for improvement, which should be targeted in further
clinical practice. Of note, we cannot imply the degree of parent involvement which is needed,
or whether we need a child or a parent focus. Nonetheless, child’s self-management, together with
parent interventions such as psychoeducation on FAP, and taking parental concerns seriously, such as
discussing everyday demands and working on adaptive alternatives, seem to constitute promising
strategies for improvement of the psychosocial situation of both children and parents. Identification of
the mechanisms at work in the circle of positive effects can deliver valuable implications for
management of FAP in pediatric practice and also amend integrative parent-child approaches in
childhood FAP [8].

5. Conclusions

Functional abdominal pain in children is a common and impairing condition, affecting not
only the children themselves but also the parents. Taking into account the growing evidence on
parent-specific changes in pediatric pain management, as well as the positive effects of our CBT
program on the child level that have recently been published, this study aimed to analyze whether
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the mothers randomized to the CBT IG for their child’s FAP, may benefit from participation in
the program as well. Despite a strong focus on child’s self-management, large-sized effects on mother’s
behavior, worries and self-efficacy in dealing with child’s pain were observed in the IG, whereas
for the mothers in the waitlist control group, no changes were observed. Of note, despite these
pain-specific effects, the mother’s perception of their self-efficacy in everyday life and their quality of
life was not significantly affected.

These results add to the current knowledge on treatment changes experienced by mothers
of children suffering from FAP. The fact that, in our sample, the mothers strongly benefited from
the training program, together with previously reported child benefits, implies that the circle many
families find themselves in can be broken with these interventions. Extending this line of research and
taking a broader family perspective [8,9], a thorough investigation of treatment effects on the family
level are also warranted. Therefore, additional studies are needed to gain a better understanding of
mechanisms of FAP treatment.

Supplementary Materials: The following is available online at www.mdpi.com/2227-9067/4/2/13/s1, Table S1:
CONSORT Checklist.
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Abstract: Mind–body medicine is a system of health practices that includes meditation/relaxation
training, guided imagery, hypnosis, biofeedback, yoga, art/music therapy, prayer, t’ai chi,
and psychological therapies such as cognitive behavioral therapy. Clinical hypnosis is an important
mind–body tool that serves as an adjunct to conventional medical care for the adolescent patient.
Clinical hypnosis specifically uses self-directed therapeutic suggestions to cultivate the imagination
and facilitate the mind–body connection, leading to positive emotional and physical well-being.
There are many similarities between clinical hypnosis and other mind–body/self-regulatory
modalities such as visual imagery, mindfulness meditation, yoga, and biofeedback that incorporate
experiential learning and mechanisms for change. They may be viewed as subtypes of the hypnotic
experience and share the common experience of trance as the entrée into self-empowered change
in physiologic and psychological states. Clinical hypnosis can be used by health care providers to
teach adolescents coping skills to deal with a wide variety of conditions such as chronic headaches,
recurrent abdominal pain, anxiety, depression, grief and bereavement, phobias, anger, family stressors,
sleep disorders, or enuresis. Clinical vignettes are given to help illustrate the effectiveness of hypnosis
in adolescents.

Keywords: mind–body therapies; adolescents; pain; headache; stress; anxiety; depression; hypnosis;
guided imagery; mindfulness; emotional regulation

1. Introduction

Mind–body medicine is a philosophy and a system of health practices that enlist the mind in
improving emotional well-being and physical health. These practices include meditation/relaxation
training, guided imagery, hypnosis, biofeedback, yoga, art/music therapy, prayer, t’ai chi,
and psychological therapies such as cognitive behavioral therapy.

Mind–body therapies focus on balancing the autonomic nervous system (ANS) by activating
the parasympathetic branch of the ANS to reduce the sympathetic physiological response to stress
and by regulating the hypothalamic pituitary adrenal axis, both of which are indicators of stress.
This reduction of stress on the mind and body may help control or reverse certain underlying disease
processes. Evidence suggests that the mind and body have constant bidirectional communication
through neuro-endocrine, neuro-chemical, immunological, and energetic pathways.
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Higher cognitive centers and limbic emotional centers are capable of regulating virtually all
aspects of the immune system and therefore have a profound effect on health and illness-termed
psychoneuroimmunology [1–3].

These therapies may improve the quality of life and reduce the physical symptoms for adolescents
with various chronic diseases.

Data from the 2012 National Health Interview Survey show that mind–body therapies were used
in adolescents aged 13 to 17 years, and more often among females versus males (5.7% vs. 1.7%).
Children and youth were more likely to use mind–body therapies for pain-related conditions or
emotional, behavioral, or mental conditions and if they received specialty or mental health care.
The most common reasons for the use of mind–body therapies were to improve overall health/general
wellness, to reduce stress levels or relax, and to feel better emotionally [4,5].

Mind–body therapies such as clinical hypnosis are considered safe and can be effective for
adolescents with medical conditions such as tension or migraine headaches, enuresis, recurrent
abdominal pain, constipation, sleep difficulties, acute or chronic pain, anxiety, and other emotional
and stress-related symptoms [6,7].

2. Stress and the Developing Adolescent Brain

Adolescence is a period of rapid physical growth, intellectual and cognitive development, as
well as a time for creating autonomy, and promoting both self-esteem and strong peer relationships.
During adolescence, teens experience the ebb and flow of emotions between self-confidence, insecurity,
invincibility, anxiety, worry, doubt, and self-worth as a result of rapid changes occurring in the brain
and neuro-biological and neuro-endocrine systems.

The rapidly developing adolescent brain is sensitive to stress and adverse events due to changes
in hormones and the plasticity in the structure and function of the brain [8].

Brain development during adolescence involves changes in the frontal and parietal cortices, the
site of higher-order cognitive and socioemotional processes (i.e., executive function). The cortex is
fine-tuned through synaptic pruning in areas that play a role in judgment, impulse control, planning,
and emotion regulation [9–11].

Glucocorticoid receptors are found in the amygdala, hippocampus, and prefrontal cortex (PFC);
exposure to stressful experiences (leading to increase in glucocorticoids) has been shown to alter
the size and neuronal architecture of these areas as well as lead to functional differences in learning,
memory, and other aspects of executive functioning. Specifically, chronic stress is associated with
hypertrophy and over-activity in the amygdala and orbitofrontal cortex, and can lead to loss of neurons
and neural connections in the hippocampus and medial PFC. The PFC turns off the cortisol response
and regulates the autonomic balance (i.e., sympathetic versus parasympathetic effects), it also plays an
important role in the development of executive functions, such as decision-making, working memory,
behavioral self-regulation, and mood and impulse control [12]. The consequences of structural changes
in the brain include more anxiety related to both hyper activation of the amygdala and less control
as a result of PFC atrophy, as well as impaired memory and mood control due to hippocampal
reduction [13].

The adolescent brain is particularly vulnerable to stressors in the youth’s social and emotional
environment. Executive functions, such as the ability to direct attention and solve problems
efficiently, the awareness of threat, and effective fear processing are diminished when there are
significant emotional stimuli during adolescence [14–17]. Rapid neurobiological changes during
times of emotional stress may predispose adolescents to difficulties with emotion regulation [8].
Difficulties in emotion regulation are a feature of many emotional and behavioral problems seen in
adolescents, including anxiety, depression, conduct problems, cutting, disordered eating, and substance
abuse [18–20].

The prevalence of mental health disorders is 22% in adolescents 13 to 18 years old.
Anxiety disorders are the most common condition (31.9%), followed by behavior disorders (19.1%),
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mood disorders (14.3%), and substance use disorders (11.4%). Approximately 40% of those with one
class of disorder also meet criteria for another class of lifetime disorder [21,22].

With increasing exposure to technology and screen time (on smart phones, computers, television,
and social media sites), more mental health concerns, and persistent economic, racial, and ethnic
disparities in health status, we now have new morbidities in adolescents called the ‘millennial
morbidities’. These morbidities may lead to stress-related problems such as chronic headaches,
abdominal pain, anxiety, depression, and other emotional problems [23].

Adolescents who experience emotional stress often complain of chronic physical symptoms that
respond poorly to standard medications. Cognitive and emotion regulation, including the ability to
modulate responses to stress, is increasingly found to contribute to overall adjustment, including social
emotional development (e.g., peer relations). Mind–body/self-regulation therapies such as clinical
hypnosis operate at the physiological, attentional, emotional, cognitive, and behavioral levels and
teach adolescents’ coping skills to control their inner wellbeing with respects to thoughts, emotions,
attention, and performance [24,25]. Research shows that mind–body/self-regulation therapies can help
develop appropriate connections between the relevant prefrontal structures in adolescents, thereby
stabilizing arousal and reducing harmful risk-taking behaviors [26]. They may reduce the impact
of stress-related conditions, lessen depression and anxiety, alleviate pain, improve quality of life,
and increase emotion regulation and subjective well-being [27–34].

3. Clinical Hypnosis: An Effective Mind–body Modality for Adolescents

There are many similarities between clinical hypnosis and other mind–body/self-regulatory
modalities such as visual imagery, mindfulness mediation, yoga, and biofeedback that incorporate
experiential learning and mechanisms for change. They all have some overlap and may be viewed
as subtypes of the hypnotic experience and share the common experience of trance (what happens
when we engage in changing our mind) as the entrée into self-empowered change in physiological and
psychological states. However, clinical hypnosis specifically uses self-directed therapeutic suggestions
to cultivate the imagination and facilitate the mind–body connection, leading to positive physical,
emotional, and behavioral change. Using brain imaging, cognitive neuroscientists have identified the
power that therapeutic suggestions have on attention functions and associated brain networks and
their impact on physical and mental experience [29,35].

Clinical hypnosis is a teachable coping skill that most adolescents (except those with moderate
to severe mental retardation) are able to learn with minor effort, and it is safe, effective, and has no
adverse side effects in trained hands.

Although there is no universally agreed-upon definition of hypnosis, it can be best described
as the cultivation of the imagination in an altered state of consciousness (awareness and alertness)
within a focused state (with or without physical relaxation), in which an individual is selectively
focused, absorbed, and concentrating upon a particular idea or image aimed at improving mental
or physical health. In adolescents, visual imagery/progressive muscle relaxation is often used to
get into this altered state of awareness. It is an internal, imaginative process (similar in feeling
to daydreaming and/or using the imagination to see, hear, touch, smell, and taste things) that is
used to focus attention and become absorbed so that a hypnotic state/trance is entered into. In this
state, perceptions and sensations can be enhanced, modified, or changed to inhibit and control
reflexive actions, delay gratification, use problem-solving strategies, increase self-esteem, and decrease
anxiety, stress, or discomfort. Hypnosis is a natural state and most adolescents move in and out of
spontaneous hypnotic-like states as they focus their concentration, for example, while playing video
games, “text-messaging”, watching favorite movies, listening to music/stories, or otherwise engaging
in fantasy/daydreaming [7].

Hypnosis in adolescents is more permissive and less directive than in adults, as it utilizes the
natural hypnotic abilities that teens bring to the clinical encounter. Adolescents can enter into the
hypnotic state easily and rapidly and, while in this state of deep concentration, are highly responsive
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to therapeutic suggestions/goals (“hypnotherapy”). Examples of therapeutic suggestions include
decreasing or eliminating undesirable symptoms, reframing and rethinking distorted thoughts
about situations and stressors, building positive expectations, re-enforcing control over reaction
to problems/situations, and strengthening the concept/belief in the ability of the mind and body to
work together to create desirable changes in behavior/outcome. Hypnotherapy allows the adolescent
to gain a sense of control, increase self-esteem and competence, and reduce stress.

Clinical hypnosis is indicated when (1) an adolescent is responsive to hypnotic suggestions;
(2) a problem is treatable with hypnosis; (3) good rapport exists between the adolescent and provider;
(4) the adolescent is motivated to remedy the problem; and (5) no iatrogenic harm is anticipated by use.
Caution is indicated in adolescents with a history of physical, sexual, or emotional abuse and those
with post-traumatic stress disorder (PTSD), in which case coordination of care with a qualified mental
health expert is strongly advisable.

Clinical hypnosis is an effective and powerful tool and with appropriate clinical pediatric hypnosis
training (skills-based pediatric hypnosis workshops, www.nphti.org). Pediatric/adolescent health
care providers’ can help adolescents cope and deal with a wide variety of conditions such as chronic
headaches/recurrent abdominal pain, anxiety, depression, grief and bereavement, phobias, anger,
family stressors, sleep disorders, or enuresis [36–47].

Hypnosis can also be effective for managing procedure pain [48] and chronic pain related to
disease—i.e., malignancy, sickle cell, chronic headaches, and abdominal pain (recurrent abdominal
pain, inflammatory bowel disease) [49–54].

Clinical hypnosis/self-regulation therapies also can be helpful when integrated into a multimodal
treatment plan for adolescents with Attention deficit hyperactivity disorder (ADHD). Hypnosis can
be beneficial in teaching them to quiet their mind, slowing and focusing, so that they can sort out
frustration or anger produced when the mind works faster than the ability to communicate, and direct
them in a positive manner [55–58].

For more detailed descriptions and references of the wide range of clinical conditions for which
hypnosis is applicable and effective in adolescents, readers can consult the two standard textbooks on
clinical hypnosis by Kohen and Olness, Sugarman and Wester [59,60], as well as an excellent review
article by Kohen and Kaiser [61].

4. Application of Clinical Hypnosis—Clinical Vignettes

Through clinical vignettes, this article illustrates common applications of clinical hypnosis in adolescent
health care. These vignettes demonstrate the ease, value, and benefit of having pediatric/adolescent
health care providers empower and teach clinical hypnosis strategies to adolescents.

The success of clinical hypnosis depends on establishing a strong rapport with the adolescent
and individualizing the therapy to the specific goals and characteristics of the adolescent. During the
initial visit, the clinician learns the adolescent‘s personal and family history, and assesses motivation,
expectations, strengths, and other internal resources—such as capacity to self-regulate their
emotions—the clinician should emphasize that the adolescent is in control. They should offer choices
and options and teach the adolescent that they can use the skill (clinical hypnosis) when he/she chooses.
The clinician should offer to be the teacher or coach, emphasize the adolescent’s ability for control
and mastery, and utilize the teen’s language and imagery. They should reinforce whatever happens,
get feedback from the teen, and address anxiety as well as pain. It is important to have a follow-up
plan, such as emphasizing the importance of clinical-hypnosis practice and keeping a calendar of the
practice and symptoms (this can easily be done on the teen’s smart-phone; the majority of teens have a
one). The provider should schedule a follow up appointment in a few weeks to reassess/reinforce
progress. The use of other cognitive and behavioral strategies should be incorporated as well to
address the symptom.
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4.1. Clinical Vignette 1: Chronic Daily Headaches

A 16-year-old female was referred by her neurologist for chronic headaches. Her neurological
work up for headaches was negative, with no anatomical or pathological etiology. She had a history of
daily headaches, that did not wake her up from sleep but did cause her to miss school and not socialize
with her friends. She took over-the-counter ibuprofen/acetaminophen with little relief. She would
sleep to help her headaches.

Past medical history and social history were non-contributory. No history of depression, anxiety,
or school problems. Family/home life was stable with no acute/chronic toxic stressors.

Mental status evaluation revealed normal cognition and no apparent psychiatric disorder such as
a conversion disorder, psychosis, or thought disorder.

The initial session with her and her parents focused on obtaining a thorough history, performing
a physical exam, and reviewing labs/imagery. Pain assessment scale using range of 0–10 was
used (10 = worst imaginable headache, 0 = no headache, her average score was 8). When asked
at which number she would be able to go to school/function so that the headache did not bother her,
she replied ≤3.

The clinician then educated the patient and parents on the mind–body connection, with a more
formalized introduction/discussion and demystification of hypnosis, emphasizing that learning
strategies such as clinical hypnosis can be very effective in managing headache pain.

It was explained that clinical hypnosis could help her take control of her pain/headaches and she
could do something so that her headaches would not bother her anymore. The patient and parents
were receptive to learning clinical hypnosis. The patient was motivated to get rid of her headaches
and resume her normal life.

A second visit was scheduled to teach the patient clinical hypnosis techniques. When designing
a hypnotic or hypnosis/trance experience, the clinician utilizes the adolescent’s imagination and
perception of the symptom and how it affects them as well as probes into the adolescent’s interests,
strengths, and goals. The adolescent is taught to use techniques such as progressive muscle relaxation,
focused breathing, and visual imagery to help them get into a relaxed and focused state (with or
without physical relaxation). In this relaxed state, the brain is more focused and receptive to learning
techniques to feel better and ultimately make the headache pain dissipate. Prior to incorporating visual
imagery and giving a therapeutic suggestion to alleviate the symptom or problem, the clinician asks
the adolescent what they would like to imagine that is fun and makes them happy (i.e., a favorite place
or favorite things) and if they would like to imagine doing that to help them get into a deeper relaxed
state (this reinforces that the teen is in control and empowers them). In this deeper relaxed state, the
mind is open and receptive to ideas to help them with their symptoms. In this case the clinician asked
the patient to draw a picture of what her headache felt like to her. She drew a picture of a hammer
pounding her head. Then both the clinician and the patient devised a method to stop the hammer
from pounding her head. The patient used her imagination to visualize having a stop sign come up
before the hammer hit her head which would stop the hammer and thus would stop the headache.
She then practiced visualizing the stop sign coming up and saying stop to the hammer before it hit
her head (the therapeutic suggestion). The clinician then developed a concrete plan with the teen to
help practice her clinical hypnosis techniques. Some clinicians ask their patients to keep a calendar of
their practice (easy to do on their smartphone). The focus is on practicing clinical hypnosis, not on
the symptoms. At the follow up visit a month later, she was practicing her clinical hypnosis, she had
kept a calendar of when she practiced hypnosis and pain scale of the headaches. Her headaches were
infrequent and not interfering with her daily activities or school.

4.2. Clinical Vignette 2: Needle Phobia

This was a 14-year-old male was referred by his primary care doctor to learn clinical hypnosis for
needle phobia. He became very anxious and hysterical prior to obtaining any immunizations or blood
draws and was therefore behind on immunizations and screening lab tests.
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Past medical history was significant for attention deficit hyperactivity disorder, treated with
methylphenidate. There was no history of other psychiatric diagnosis.

He was motivated to learn clinical hypnosis. He recognized that he needed immunizations to
stay healthy but was afraid of shots. He was motivated and willing to overcome his “fear of shots”.
The clinician discussed mind–body/clinical hypnosis techniques with him and used a distraction
technique (listening to his music on his iPod) and the hypnotic concept of disassociation i.e., dissociate
body and mind, to encourage him to give his arm to the nurse to let her give him the shot so that
he could stay healthy, and while she did what she needed to do, he could focus on something else
like listening to his music. Also, exposure therapy with desensitization is the treatment of choice for
phobias. He was exposed to the equipment (e.g., cleaning swab, syringe, needle) and procedure for
injections, so those items no longer created panic symptoms. A “pretend needle” was used to do
practice session. After rehearsing this for one session he then “practiced getting the shot” (exposure
therapy), while listening to his music (distraction), “gave his arm to the nurse” (disassociation). He did
well in the practice session. The patient came back two days later and went through the clinical
hypnosis technique of distraction and disassociation and successfully received his immunizations.

4.3. Clinical Vignette #3: Primary Nocturnal Enuresis

A 14-year-old male was referred by his pediatrician for management of primary nocturnal enuresis.
History revealed that he had nocturnal enuresis six/seven nights/week and never had a period of complete
dryness. He was in the ninth grade and played hockey with practices late at night and quite a few games
away from home. He was very embarrassed about his bedwetting and thus very motivated to stop.

Family history was positive for nocturnal enuresis in father until age 16.
He reported drinking a lot of fluids after each hockey practice and game. He had a difficult time

unwinding and falling asleep and was a deep sleeper.
He denied drugs, alcohol, or tobacco use and did well in school. There were no other stressors at

home or school.
He was motivated to learn clinical hypnosis and stop bedwetting. The clinician discussed the

mind–body connection—i.e., the brain and bladder were communicating with each other. He was told
that his brain and bladder talked to each other very well, and cooperated and worked well because
during the day he never wet his pants even if he had to go really badly, he could hold his pee. He was
shown a drawing of genitourinary anatomy and physiology, and was engaged in building curiosity
about how the body works, thus helping him be in a spontaneous hypnotic state. The drawing showed
how urine was sent from the kidneys to the bladder. The bladder was shown as a container with
a muscle at the tip that has a gate that is closed and keeps the urine in the bladder until he goes to
the bathroom and the mother computer (i.e., the brain) gives a signal to open the gate when it is full
so he can pee. The drawing showed the brain and bladder connection, with bi-directional arrows
communicating between the full bladder and the brain, keeping the gate closed until he gets the
message from the brain to open it.

The clinician explained, that because he was a deep sleeper, his brain and bladder did not talk
well/forgot at night so he had to remind them to talk to each other like they did during the day before
he went to sleep.

Then the clinician had him imagine having this conversation in his head to practice how he would
have the brain and bladder talk to each other. For example, the clinician coached the patient to say
“bladder, tonight let the brain know when you are full. Brain, you have a choice. When the bladder
says its full, tell me to wake up, walk to the bathroom, open the gate, pee in the toilet, close the gate,
and go back to my comfortable dry bed, or, instead tell the bladder gate to stay closed and locked all
night until morning, when I get up from my nice, warm, dry bed and go to the bathroom”.

With either choice, the bed is dry in the morning. The patient then wanted to sleep through the
night and decided to send a message to brain to keep the gate closed to his bladder till he woke up in
the morning. Other behavior modification techniques such as no fluids 1 hour before bed, and bladder
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Kegel strengthening exercises during the day were taught. The patient kept a calendar of his clinical
hypnosis practice and of dry nights.

He focused on dry nights, positive behaviors, feeling proud and good when his bed was dry,
which gave him positive messages of success. He went through two sessions and at a two-month
follow up his enuresis had resolved completely.

4.4. Clinical Vignette 4: Anxiety with Sleep Disturbance

A 13-year-old female was referred by her pediatrician for concerns regarding palpitations/panic
attacks and sleep problems that started a few months earlier. The patient reported symptoms of
shortness of breath, sharp chest pain, and hyperventilation. Extensive medical evaluation by a
pediatrician and a cardiologist were negative for physical/anatomical abnormalities.

Patient continued experiencing palpitations and felt as if she “could not catch her breath, and her
throat was closing”.

She also reported having trouble sleeping, and frequently watched scary movies on her iPad at
night to help her sleep. She occasionally took melatonin to help her sleep.

Her mom reported that she was a “worrier” thought often about her safety, as well as her parents’
safety, and was concerned that something was wrong with her.

There were no recent illness/stressors in the family and no acute life changes. Family history was
positive for anxiety in the father. She lived at home with parents, was an only child and got along well
with both parents. She was in the eighth grade, doing virtual home schooling for past two years and
was doing well. She did not like crowds and school, so parents decided to do home/virtual school.
She had one close friend and cousins with whom she socialized. She liked to play the piano and do
arts and crafts. She was referred to a psychologist and also saw a psychiatrist once. She was diagnosed
with “social anxiety” by psychiatrist after one visit and told to take sertraline but she never started as
her mother did not want to give her medications.

The clinician educated the patient and mom on the benefits of learning mind–body techniques
such as focused breathing/visual imagery/clinical hypnosis, to help her cope with her panic
attacks/anxiety/worried thoughts.

The patient was open and motivated to learning clinical hypnosis/relaxation techniques. She
was taught focused breathing, progressive muscle relaxation, and visual imagery techniques to help
her relax and get into a state of focused concentration. The clinician discussed imagining something
that made her happy or feel good; her favorite imagery was being up at a lake on the boat. While in
this relaxed state the clinician gave her therapeutic suggestions to notice that her breathing was calm,
strong, and comfortable; her heart was beating normally and was strong and well; and she was healthy.
Her parents were fine and she did not have to worry about her health or her parents’ health.

The clinician also discussed other behavioral modification techniques when she felt anxious such
as coloring and journaling to help her worry less and distract her when her worry thoughts were
taking over her mind. She was shown smart phone e apps (e.g., calm, breathe & relax, mind shift, stop,
breathe & think) that helped her practice her breathing.

The patient was told to schedule regular practice time and instructed to keep a calendar of her
clinical hypnosis exercise breathing practice and to note the days she felt good/less worried. It was
recommended that she continue therapy with a psychologist. She was also advised on proper sleep
hygiene techniques (i.e., no screen time one hour before bed, no TV). At a one-month follow-up she
was doing better. She was practicing her clinical hypnosis/breathing/visual imagery exercises before
bed, two to three times a week. Her mom noticed her overall mood was better and she had fewer
panic attacks although she still got anxious, especially when she had to go to new places or places with
crowds. She practiced her focused breathing when she would get anxious and she reported sleeping
better. At the two month follow up, she had no more panic attacks or excessive worrying.
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4.5. Clinical Vignette 5: Substance Abuse

A 17-year-old male was referred by his primary care doctor for management of substance abuse,
anxiety, and panic attacks. The patient experienced his first acute panic attack one week prior to his
visit which resulted in an emergency room (ED) visit. He was started on short acting alprazolam for
acute panic attacks in ED. Was prescribed escitalopram but did not take it because he “(did not) want
to take medication”. The patient had a history of smoking marijuana (MJ) daily for past four months
and weekly for the past year and more recently admitted to smoking a more potent form of MJ oil
called “wax/butane hash oil”. He denied any other illicit drug use or any prescription drug abuse
except for an occasional beer.

He had a past history of mild depressive symptoms/anxiety which was progressively getting
worse the past year. For the past several months, he was more socially isolated and stayed in his room
and smoked marijuana. He denied self-harm or suicidal thoughts.

He had a lot of worry/concerns/anxiety about his physical health especially the negative effects
of marijuana on his health.

He had a lot of psychosomatic complaints, chest pain, numbness and tingling in hands/arms,
nonspecific abdominal pain, back pain, and musculoskeletal pain. Since the acute panic episode,
he was motivated to stop marijuana and any illicit drug use. He recognized that when he smoked
the more potent marijuana “wax”, he would be more anxious, feel panicky, heart beating fast, chest
hurting, nausea, abdominal pain, and numbness.

Past medical history was significant for attention deficit disorder for which he was prescribed
methylphenidate for a few months but stopped two years prior. He currently reported having difficulty
focusing at school and declining grades. Family history was positive for anxiety in sister.

He was a senior in high school. His hobbies included making music on his computer and playing
in a band. He admitted to peer pressure to smoke marijuana. He denied being sexually active.
He worked part time at a fast food restaurant.

A complete physical and neurological exam was normal. Vital signs were all normal.
He needed a lot of reassurance that physically he was fine.
He was open to learning clinical hypnosis/focused breathing/to help with panic attacks/anxiety.

He was taught progressive muscle relaxation/focused breathing/visual imagery to help him get into a
relaxed alter state of focused consciousness. He visualized himself playing his electronic music/making
music. While in this relaxed state, he was given therapeutic suggestions of noting that his body was
healthy, that his heart, lungs, hands, and chest were all fine.

He was told he did not need drugs to make good music. He was reminded that when he smoked
marijuana he did not feel good. Smoking MJ made him anxious and it was not good for his health,
it made his heart beat fast, chest hurt, and nauseous. The clinician discussed the importance of regular
practice of clinical hypnosis/breathing exercises. At three week follow up, he was practicing his
clinical hypnosis daily and had no further panic attacks or ED visits.

He was followed monthly and for several months he continued to be pre-occupied about his
physical health and have vague physical complaints. At each visit he was reassured that physically he
was healthy.

He did admit to occasionally smoking marijuana on weekends with his friends but only a few hits
as he noted that when he smoked too much he would feel his heart beat fast and get anxious. He was
also started on Concerta for his ADHD.

4.6. Clinical Vignette 6: Crohn’s Disease with Abdominal Pain

A 17-year-old female with Crohn’s disease was referred by her gastroenterologist with severe
abdominal pain after multiple hospitalizations for relapse. It was hoped that clinical hypnosis would
help her as she was going away to college in the fall and prior to going away was scheduled for small
bowel resection/with colostomy.
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Mom and patient were interested in “holistic therapies” to help her with the surgery as well as
with management of her abdominal discomfort/Crohn’s disease while away at college. Mom took
herbs/nutritional supplements. Clinician discussed nutrition/healthy eating with patient and mother
and added probiotics and omega-3 essential fatty acid supplements to her daily medication regimen.

Patient was very motivated to feel better and manage her Crohn’s disease. The clinician taught
her clinical hypnosis prior to surgery using progressive muscle relaxation/visual imagery (going to
her favorite place in her imagination), then gave her therapeutic suggestions to notice how well the
surgery went and how well she was healing, how healthy her gut was, and she could eat healthy foods.

She chose the suggestion “that she wanted to send a message (via text messaging) from her brain
to her gut that it was healing well. The clinician reinforced that if her stomach bothered her she could
breathe and go to her favorite place and imagine herself feeling good. The surgery was successful and
she recovered without complications and was having less abdominal pain. She left for college feeling
more confident that she could manage her distress/pain and Crohn’s disease.

The above case studies are an example of the benefits of using clinical hypnosis to help adolescents
manage common medical conditions. However, it is important to keep in mind that not every
adolescent will respond so quickly and positively and that proper certification is essential when
applying pediatric hypnosis. Certified pediatric hypnosis training is provided by National Pediatric
Hypnosis Training Institute-Inaugural Annual Skill Development Workshops in Pediatric Clinical
Hypnosis (Introductory, Intermediate, and Advanced; www.nphti.org).

Not only is a trained clinical provider important for success but so is building a positive rapport
with the teen and family with ongoing re-assessment, flexibility, and brainstorming for problem
resolution, good outcomes, and healing. As with any skill, regular practice of clinical hypnosis
by the teen enhances competence, confidence, and positive outcomes, whereas absence of regular
practice is more likely to result in slower and/or less positive results. Homework assignments for
the adolescent and their parents involves practice of clinical hypnosis—i.e., keeping a calendar of
practice and specifying when they will practice—counseling parents about their level of involvement,
and encouraging/motivating adolescents to take charge and control of their symptoms and life in
order to have a positive outcome.

5. Conclusions

Clinical hypnosis is a natural state that can be cultivated, with permission from the adolescent
and builds on the adolescent’s existing strengths and interests. It is an altered state of consciousness
(awareness and alertness) within a focused state (with or without physical relaxation), in which an
individual is selectively focused, absorbed, and concentrating upon a particular idea or image aimed
at improving mental or physical health. Clinical hypnosis is a teachable skill that most adolescent
patients are able to learn with minor effort, and is safe, effective, and free of adverse side effects in
trained hands. Hypnosis promotes the cultivation of imagination and patients’ positive expectations
and motivation for success.

Hypnosis in adolescents is more permissive and less directive than in adults, as it utilizes the
natural hypnotic abilities that teens bring to the clinical encounter. As a result, adolescents can
enter into the hypnotic state quicker and easier than adults and are highly responsive to therapeutic
suggestions/goals (hypnotherapy).

Examples of therapeutic suggestions include decreasing or eliminating undesirable symptoms,
reframing and rethinking distorted thoughts about situations and stressors, building positive
expectations, and re-enforcing control over reaction to problems/situations, and strengthening
the concept/belief in the ability of the mind and body to work together to create desirable
changes in behavior/outcome. Clinical hypnosis allows the adolescent to gain a sense of control,
increase self-esteem and competence, and reduce stress, therefore helping them to manage their
physical and emotional well-being. For some problems, hypnosis may be the treatment of choice
(e.g., enuresis, headaches, abdominal pain, procedural pain/anxiety, and adjustment reaction to stress).
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For more complex problems/conditions, hypnosis may be more adjunctive but a highly effective and
important modality in the overall management.

6. Suggested Training

(1) American Society for Clinical Hypnosis. http://www.asch.net.
(2) National Pediatric Hypnosis Training Institute. http://www.nphti.org.
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Abstract: Despite advances in psychological interventions for pediatric chronic pain, there has been
little research examining mindfulness meditation for these conditions. This study presents data
from a pilot clinical trial of a six-week manualized mindfulness meditation intervention offered
to 20 adolescents aged 13–17 years. Measures of pain intensity, functional disability, depression
and parent worry about their child’s pain were obtained at baseline and post-treatment. Results
indicated no significant changes in pain or depression, however functional disability and frequency
of pain functioning complaints improved with small effect sizes. Parents’ worry about child’s pain
significantly decreased with a large effect size. Participants rated intervention components positively
and most teens suggested that the number of sessions be increased. Three case examples illustrate
mindfulness meditation effects and precautions. Mindfulness meditation shows promise as a feasible
and acceptable intervention for youth with chronic pain. Future research should optimize intervention
components and determine treatment efficacy.

Keywords: mindfulness; meditation; pediatric; chronic pain; adolescent; group therapy

1. Introduction

Pediatric chronic pain is a significant problem in the United States, with prevalence rates across
pain subtypes ranging from 11% to 38% [1]. Children with chronic pain experience impairments in
emotional [2], social [3], and school functioning [4,5]. Chronic pain in childhood not only pervasively
impacts quality of life [6], but also leaves youth at risk for progression of pain into adulthood [7].

Psychological approaches to pain management are known to be an important part of
interdisciplinary treatment for pediatric chronic pain [8]. Such approaches typically include cognitive
behavioral therapy [9,10], biofeedback [11], and hypnosis [12]. Research suggests that psychological
therapies may improve pain and functioning [13].

Mindfulness, often defined as paying attention on purpose and nonjudgmentally in the present
moment [14], is a strategy that has received little attention in the field of pediatric pain, despite the
growing application of mindfulness-based interventions to address chronic pain in adults [15].
Mindfulness-based interventions for youth have ranged from delivering mindfulness strategies within
broader cognitive behavioral packages [16] to developmentally modifying the Mindfulness-Based
Stress Reduction (MBSR) program [17]. Jastrowski-Mano et al. [18] published the first small (n = 6)
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randomized controlled pilot study on MBSR for pediatric pain. Due to high attrition and difficulties
with recruitment, they were unable to draw conclusions about the efficacy or feasibility of MBSR
for this population. Ruskin and colleagues [19] reported on the development of an MBSR group
for adolescents with chronic pain and cited challenges as well, including insufficient post-test data
which affected their ability to draw conclusions about outcomes. Two more recent studies examining
mindfulness-based programs for adolescents with chronic pain indicated that such interventions were
feasible and acceptable [20,21]. Chadi et al. [20] utilized a combination of MBSR and Mindfulness-Based
Cognitive Therapy adapted to adolescents and reported no improvements in psychological or pain
symptoms, though they did report pre/post-reductions in salivary cortisol levels. Ali et al. [21]
utilized a developmentally modified MBSR protocol in a pilot cohort study and reported significant
pre/post-improvements in fibromyalgia symptoms, anxiety, and functional disability. Given that
previous studies utilizing mindfulness for pediatric chronic pain have reported feasibility and some
positive outcomes, more research is needed to further explore the acceptability and efficacy of
therapeutic modalities that incorporate mindfulness for this challenging patient population.

The current study was designed to pilot a mindfulness meditation program using a manualized
intervention entitled Inner Resources for Teens (IRT) [22], a six-week protocol developed and adapted
for teenagers from a similar course utilized for adults named Inner Resources for Stress [23]. Like MBSR,
the IRT program teaches mindfulness in daily life and mindfulness meditation, but also includes
techniques such as breath-focused imagery and repetition of cue words that are intended to provide
additional cognitive structure. Unlike MBSR, IRT does not include hatha yoga or movement-based
practices. Previous randomized controlled trials (RCT) of the Inner Resources for Stress intervention
for adults have demonstrated pre/post-improvements relative to control groups in diurnal cortisol
slope, life satisfaction, and remission from chronic depression [24,25].

The aims of this study were to examine the feasibility, acceptability, and usefulness of the
mindfulness meditation intervention, as well as the acceptability of specific treatment components
of the IRT program. A secondary aim of this study was to document qualitative case descriptions
from three participants to highlight benefits and challenges of using mindfulness meditation with
this population.

2. Methods

2.1. Participants and Setting

Twenty patients diagnosed with chronic pain were recruited from a university-based pediatric
pain management clinic. All participants had a history of chronic pain for more than 12 months.
They continued to receive multidisciplinary pain management standard of care throughout the
intervention. The mean age of participations was 15.1 (standard deviation (SD) = 1.36) and ages
ranged from 13 to 17. Two participants (10%) were male. Types of pain included abdominal pain,
headaches, fibromyalgia, musculoskeletal pain, complex regional pain syndrome, and joint pain
(see Table 1). The mean duration of chronic pain was 2.8 years (range 2.2 to 7).

Table 1. Types of Pain Experienced by Participants.

Pain Type n (%)

Headache 7 (35)
Abdominal pain 6 (30)

Joint pain, rheumatologic 2 (10)
Musculoskeletal pain 2 (10)

Flank pain, polycystic kidney disease 1 (5)
Complex regional pain syndrome 1 (5)

Erythromelalgia 1 (5)
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2.2. Procedures

This study was conducted at a tertiary pediatric pain clinic within a children’s hospital setting on
the West Coast in the United States. The study was approved by the university’s Institutional Review
Board. Consent and assent procedures took place at the clinic visit. Participants completed baseline
questionnaires on the day of the first mindfulness session, including demographics, pain intensity
ratings, and domains of physical and psychological functioning. Following the final session, they
also completed ratings of pain and function and responded to open-ended questions evaluating the
feasibility and acceptability of the intervention.

2.3. Intervention

The mindfulness intervention consisted of a six-session group-based intervention to teach and
practice skills for maintaining sustained nonjudgmental present moment awareness. Three groups were
held four months apart, containing nine, three and eight participants, respectively. The intervention
was led by a clinical psychologist (author L.W.) and a clinical psychology doctoral student who was
trained and supervised in the intervention. The techniques were adapted specifically for adolescents
and included a guided body tour, tension release, mindfulness meditation, breath-focused imagery,
and repetition of cue words. The Guided Body Tour consisted of noticing and then visualizing
breath flow to parts of the body. Complete Breath involved noticing every part of the breath from
the inhalation through the exhalation. Repetition of secular cue words consisted of repeating the
sounds “Hum Sah,” meant to represent the sound of breathing in synchrony with the breath, repeating
“Hum” with every inhalation and “Sah” with the exhalation. Tension Release was a breath-focused
visualization exercise designed to enhance participants’ ability to let go of any “tension or holding”,

Sessions were 60 min in length, and began and ended with a 20-min period of therapist-led
teaching and practice of mindfulness meditation. The middle 20 min of each session included therapist
presentations of didactic material, including the discussion of ways to apply the practice to presenting
problems. A major focus of the didactic/discussion sessions was to encourage use of mindfulness skills
and techniques in daily life, particularly in response to dealing with pain. Participants were asked
to practice these techniques at home for at least 15 min per day for six weeks and to practice them
as much as possible in daily life. Participants were provided with a manual, entitled Inner Resources
for Teens [22] which contained age-appropriate readings and suggestions for the daily practice of the
techniques. The manual included four 15-min audio recordings of guided mindfulness meditations
that participants used for home practice. The audio recordings were provided on compact disc (CD)
and participants were encouraged to convert the recordings to other listening devices.

2.4. Measures

Demographic information collected from participants included age, sex, and duration of chronic
pain problem. Qualitative information was obtained from written surveys.

Pain Intensity: Adolescents rated their usual pain intensity and worst pain intensity in the past
seven days on the 11-point Numeric Rating Scale (NRS-11) from 0 = “No pain” to 10 = “Worst pain
possible” at baseline and post-treatment [26]. The NRS-11 has evidenced validity in the assessment of
pain intensity in children and adolescents [26].

Depression: The Children’s Depression Inventory (CDI) is a self-report assessment of symptoms of
depression that includes 27 items that are scored on a 3-point scale [27]. Total scores range from 0 to 54.
Psychometric evidence supporting its use in youth are described by other authors [28,29].

Functional Disability: The 15-item Functional Disability Inventory (FDI) [30] evaluates the physical
impact of chronic condition as reported by youth and their caregivers (proxy report) on activities
of daily living (e.g., walking, school, sleep) on a Likert scale ranging from 0 = “No trouble” to
4 = “Impossible”, where higher scores signify greater functional impairment. The measure has shown
sound reliability and validity when used with youth who experience chronic medical challenges [31].
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The Stanford Pediatric Pain Functioning Inventory (SPPFI): The SPPFI is a clinical tool which
evaluates the frequency of pain functioning complaints during the past week. The survey consisted
of 24 questions designed for teenagers (aged 13–18) and a similar version for their parents (proxy
report). The item stem for the first five items states: “Due to my pain in the past week, it was hard
for me to . . . .” Some of the items for this stem include “Walk more than a block,” and “Do physical
education (PE), sports, or exercise.” The next 15 items have the stem “Because of my pain in the past
week, I . . . .” Some of the items following this stem include “Spent time on my bed or couch,” “Had
low energy,” “Had trouble paying attention,” and “Worried about making my pain worse.” The last
four items had the stem “In the past week my pain . . . .” Some of the items for this stem included
“Interrupted family activities,” “Made my parents worry,” and “Made my parents miss work.” Parent
items had the stem “This past week, my child’s pain . . . ” which included items such as “Caused me to
worry,” “Affected our family’s activities,” “Caused me/my spouse to miss work.” Participants rated
items on a 5-point response scale with 0 = “Never,” 1 = “Almost never,” 2 = “Sometimes,” 3 = “Often,”
4 = “Always”,

The Project Evaluation questionnaire was administered at post-treatment and included
open-ended questions assessing the feasibility and acceptability of the treatment. Participants and
parents indicated the desired length and number of sessions the intervention should include.
Participants also rated the components of the intervention on a scale 6-point scale, with 0 = “Not
sure,” 1 = “Not at all useful,” 2 = “A little bit useful,” 3 = “Moderately useful,” 4 = “Quite a bit useful,”
and 5 = “Extremely useful.” Ratings of 0 and 1 were reported as “Not useful,” and ratings of 2–5 were
reported as “Useful.”

3. Results

Of the 20 participants enrolled the study, four did not meet the attendance criteria of four out of
six sessions (attrition rate = 20%). Attrition was due to transportation difficulties (n = 1), a new medical
condition that precluded group participation (n = 1), and participant concerns that the sessions were
not adequately reducing pain (n = 2). Two additional participants were lost to follow-up because they
were not able to attend the last session and scheduling difficulties prevented them from scheduling
an in-person post-treatment assessment; therefore, follow-up assessment data were available for
14 participants.

Paired t-tests examined changes from baseline to post-treatment (see Table 2). Participant ratings
of pain intensity (usual pain and worst pain) did not change from baseline to post-treatment.
Likewise, participant ratings of depression were unchanged. Although improvements in ratings of
functional disability frequency of pain functioning complaints were not statistically significant, there
were numerical pre/post-decreases equivalent to a small Cohen’s d effect size [32]. Parents’ ratings of
the worry caused by their child’s pain significantly decreased from baseline to post-treatment, with a
large effect size.

Table 2. Means, Standard Deviations, and Effects Sizes of Change from Baseline to Post-treatment.

Baseline
n = 20

Post-Treatment
n = 14

Variable M SD M SD t d
NRS-usual pain 5.6 1.9 5.6 2.0 −0.4 0

NRS-most severe pain 8.6 1.6 8.8 1.4 −0.8 0
CDI 38.7 7.1 38.9 6.9 −0.1 0
FDI 13.8 6.6 12.5 9.9 0.6 0.20

Teen SPPFI 31.8 14.9 27.4 17.5 0.83 0.30
Parent SPPFI-child’s pain caused me to worry a 2.7 1.2 1.8 1.2 3.3 * 0.75

Note: NRS = Numerical Rating Scale; SPPFI = Stanford Pediatric Pain Functioning Inventory; CDI = Children’s
Depression Inventory; FDI = Functional Disability Inventory. a Parent SPPFI were available for 11 parents. * p < 0.01.
M = Mean; SD = standard deviation; t = paired t -test; d = Cohen’s d effect size
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The program evaluation questionnaire assessed the acceptability of aspects of the intervention.
Participants and parents also provided data on the acceptability of the number of sessions the
intervention should include (see Table 3). None of the participants indicated that they thought
the intervention should be shorter. Less than one-third (n = 4; 28.6%) of participants indicated that
six weeks was the ideal length for the mindfulness meditation program, and the remaining participants
(n = 10; 71.4%) endorsed that the intervention should include more than 8 or 10 sessions. None of
the participants indicated that the intervention should be shorter than 60 min. The majority of the
participants (n = 10; 71.4%) indicated that 60 min was the ideal session length and less than a third
(n = 4; 28.6%) indicated that it should be longer. Only one parent thought the intervention should be
shorter in terms of number and length of sessions, and around half of parents agreed that the current
format of six 60 min sessions was preferred. Results indicated that the majority of participants rated
the intervention components as useful (see Table 4). Practice in daily life and the group sessions were
the most highly rated components, with 12 participants (85.7%) rating them as useful. Meditation and
repetition of cue words, unguided by an audio recording, was rated as useful by 11 participants
(78.6%). Of the four audio recordings of guided practice, Complete Breath and “Hum Sah” were the
most highly rated, followed by the Guided Body Tour and Tension Release.

Table 3. Participant and Parent Recommendations for Intervention Duration from Project Evaluation.

Teen Participants n (%) Parents n (%)

Number of weekly sessions
4 0 1 (9.1)
6 (number of pilot sessions) 4 (28.6) 5 (45.5)
8 4 (28.6) 1 (9.1)
10 6 (42.9) 4 (36.4)

Length of weekly session in minutes
30 0 1 (9.1)
60 (length of pilot sessions) 10 (71.4) 7 (63.6)
90 4 (28.6) 3 (27.3)

Table 4. Number and Proportion of Participants Rating Intervention Components as Useful.

Intervention Component n (%)

Inner Resources for Teens manual 10 (71.4)
Guided Body Tour CD 9 (64.3)
Complete Breath CD 10 (71.4)

Hum Sah CD 10 (71.4)
Tension Release CD 8 (57.1)

Meditation practice without CD 11 (78.6)
Hum Sah practice without CD 11 (78.6)

Practice in daily life 12 (85.7)
Group sessions 12 (85.7)

Note: CD = audio recording on compact disc used for guided practice.

Case Illustrations

Case #1. A 15-year-old male participant with multiple pain complaints, including headaches
and myofascial pain, was able to learn and practice the meditation techniques and use them to cope
with stressors associated with his medical conditions. Although his awareness of pain was slightly
increased during the initial sessions, after approximately three weeks of practicing the techniques
he became aware that the pain increased his distress and that he could use mindful awareness to
reduce his experience of stress, feel more relaxed, and attenuate his experience of pain. He attended
all six sessions. He continued to improve after the conclusion of the intervention, by self-report and
clinical assessment in follow-up medical visits.
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Case #2. A 14-year-old female with fibromyalgia and depression reported improvements in both
physical and emotional symptoms after participating in the full six-week program. She reported
that this intervention was helpful and described through the program evaluation questionnaires that
she learned a new method for coping with her symptoms. Peer support seemed to be of particular
benefit to this participant, as she was able to normalize the experience of chronic pain. She especially
liked the practice of cue word repetition during periods of sitting meditation and in her daily life,
as she reportedly found that it decreased her worry and rumination and reduced her experience of
pain. At the midpoint of the intervention, she reported that mindfulness allowed her to address the
emotional impact of chronic pain, particularly anxiety, resulting in self-reported reduction in usual
pain level. This improvement increased her ability to begin and maintain a daily exercise program and
led to full symptom resolution three months after completion of the intervention.

Case #3. A 16-year-old female participant with functional abdominal pain and a longstanding
history of participation in pain management treatments (e.g., interventional blocks, multiple
medication trials and psychological interventions) reported that she utilized distraction as her primary
method of coping with chronic pain. Although she reported successful use of the techniques for
coping with anxiety, such as when trying to fall asleep or prior to a music competition, she found
the concurrent use of mindfulness and distraction to cope with pain to be confusing and ineffective,
resulting in exacerbation of pain symptoms. Due to the focus on body awareness with mindfulness
practice, she reported that she became more aware of pain sensations and increasingly distressed.
With support of the study team, she was withdrawn from the mindfulness program after two
sessions. She continued to participate in outpatient pain management, including psychological
services. There were no long-term sequelae and her pain level returned to baseline upon termination
of the intervention.

4. Discussion

The current study examined a novel intervention for training in mindfulness meditation, Inner
Resources for Teens, which combined mindfulness in daily life, meditation practices, breath-focused
cue word repetition, and visualization for adolescents with chronic pain. The intervention was reported
as feasible, acceptable, and useful for the majority of participants by adolescent- and parent-report
(as well as case study description). There were small quantitative improvements in functioning and
reduced disability, suggesting a small effect size; however, due to the small number of patients
these were not found to be statistically significant. Parent’s concern and worry about their child
demonstrated a statistically significant decrease with a large effect size. The adolescents in our pilot
study demonstrated acceptable adherence to the intervention, with 80% attending at least four of the
six sessions. The majority of participants reported satisfaction with the intervention and expressed the
desire for additional sessions after the six weekly sessions were completed. The 60-min session length
used in the current study was preferred by most participants and parents.

The group format of the intervention was a highly rated component, consistent with previous
work indicating that social support is a valued component of mindfulness interventions for pediatric
chronic pain [21]. Practice in daily life was also highly rated, similar to work with adults showing that
integrating mindfulness practice in daily life was more commonly practiced than sitting meditation [25].
At the end of the six-week program, participants preferred the unguided meditation and cue
word repetition over practice using audio recordings. It is possible that the guided practices were
more important at an earlier stage, when participants were first learning the practices. Of the four
audio recordings of guided practice, Complete Breath and “Hum Sah” were the most highly rated,
followed by the Guided Body Tour and Tension Release. Both the Guided Body Tour and Tension
Release may serve to focus attention on bodily sensations to a greater degree than breath-focused
meditations and may be less tolerable for adolescents with chronic pain.

As illustrated in Case #3, increased body awareness may be difficult for adolescents with chronic
pain, particularly if they primarily rely upon distraction as a pain coping strategy. It is notable that
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all of the intervention components were rated as useful by a majority of participants, suggesting that
the combination of mindfulness, cue word repetition, and meditation exercises was acceptable within
the scope of a single intervention. This combination of components differs from interventions such
as MBSR, which do not include visualization and cue word repetition [17]. However, as illustrated
in Cases #1 and #2, these practices were useful for stress and anxiety. Case #1 noted that his pain
initially increased as he brought awareness to his breathing and body, but he was able to tolerate the
minor exacerbation in pain intensity until he experienced reduced stress and anxiety about the pain,
which in turn reduced his perception of pain. Case #2 reported that the use of breath-focused cue word
repetition was helpful in redirecting her attention from worry and rumination and provided useful
structure during the initial phases of learning the techniques.

There were no significant changes post-intervention in pain intensity or depression quantitative
measures, which is not a surprising finding. Previous studies of mindfulness [20,21] have not reported
reductions in pain as an outcome of the intervention, so it may be that these practices are more specific
to the distress and dysregulation that accompany the pain experience [33]. Alternatively, it may
be that the timing of teaching intervention components is the critical factor. Previous work shows
that initial instructions to observe and accept experience—a defining feature of most mindfulness
approaches—reduces pain tolerance relative to a control condition and may tax self-regulatory
capacity [34]. Longer training may be required to use mindfulness techniques to control or
down-regulate the pain experience [35]. Focused practices, such as visualization or cue word repetition,
may provide useful structure for teens who are unable to tolerate increased present moment awareness
during the initial phase of training.

Parents demonstrated reduced worry about their child’s chronic pain over the six-week
intervention period. It may be that parents had increased confidence in their child’s ability to implement
self-management skills, and this confidence decreased parental worry and catastrophizing. Increased
parental catastrophizing has been associated with increased child disability in pediatric patients with
chronic pain [36], therefore this parent outcome is a promising target for future implementations of
mindfulness training.

Limitations of the study include reliance on self-report measures with only limited inclusion
of parent-reported data. In addition, the measure of parent worry was based on an item from
an assessment tool (i.e., SPPFI), limiting the interpretation of this construct. Although the heterogeneity
of pain complaints may be a limitation that restricts recommending this intervention to specific pain
populations, it is also a strength with regard to generalizability across pain conditions in terms
of the usefulness of this intervention. Not providing intervention components to family members
was an additional limitation that was expressly desired by families and should be addressed in
future research.

Future Directions

Given that most of the teen participants indicated that the number of sessions should be increased,
future implementations should consider a longer format (8 to 10 weekly sessions). The 60-min
session length used in the current study seemed optimal to most participants. The impact of the
intervention on parents’ worry about their child’s pain appears indicative of benefits that parents,
themselves, may receive through their child’s knowledge and implementation of pain coping skills.
With additional parent-proxy report measures utilized in future studies, it may be possible to further
delineate parental perspectives on functional improvements gained via mindfulness interventions, in
the context of other parental self-reported outcomes. Future work is recommended to explore how
parents may directly benefit from their own mindfulness training within the context of concurrent
adolescent and parent groups. Given that previous research and the results of this pilot study indicate
that pain experience may initially fluctuate with mindfulness training, introducing more structured
practice, such as cue word repetition, during the first session of the intervention may provide the
necessary support for patients as they gain skills to reduce anxiety and increase self-regulatory capacity.
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Likewise, future studies should consider the coping style of individual participants as well as their
developmental needs, as the focus of mindfulness practice on present moment awareness and physical
sensations may seem overwhelming for some adolescents at first. It may be that initially distraction
techniques may provide some much-needed relief from the painful sensations, whereas at a later
stage, the use of mindfulness techniques may help to decrease anxiety and amplification of the
pain experience. The gradual incorporation of mindfulness techniques into the therapy process may
produce optimal results. Additional work is also needed to study the method of delivery as a group
intervention compared to individual instruction. The group intervention may allow for much-needed
social interaction as well as peer validation, whereas the individualized approach may allow for further
personalization of the techniques. Future research may explore the relative merits of both distraction
and mindfulness techniques to determine the most beneficial use of these strategies for different pain
contexts and strategies. Moreover, improved clarification about the aim and rationale for mindfulness
treatment may align participant expectancies with the aims of the intervention during each phase of
the training. Because the current brief intervention did not demonstrate decreases in pain or increases
in functioning, future studies are needed to explore dose and duration of treatment to optimize pain
and symptom management.

5. Conclusions

In conclusion, a mindfulness program such as the IRT shows promise as an intervention for
helping adolescents with chronic pain and appears to be a feasible tool in the armamentarium of
non-pharmacological treatments. The results of this pilot study demonstrate the continued need to
further develop pediatric chronic pain mindfulness interventions, exploring a variety of treatment
components to determine the most feasible, acceptable and efficacious interventions for this population
within the context of a multidisciplinary approach to pediatric chronic pain management.
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Abstract: Attention-deficit/hyperactivity disorder (ADHD) is pervasive among the pediatric
population and new treatments with minimal adverse effects are necessary to be studied. The purpose
of this article is to review current research studying mind–body therapies for treatment of children
diagnosed with ADHD. Literature was reviewed pertaining to the effectiveness of movement-based
therapies and mindfulness/meditation-based therapies for ADHD. Many positive effects of
yoga, Tai Chi, physical activity, and meditation may significantly improve symptoms of ADHD
among children.
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1. Introduction

Attention-deficit/hyperactivity disorder (ADHD) is a widespread chronic disorder affecting
children’s well-being and success in life. The historical understanding of ADHD has changed over the
years [1]. ADHD was defined in the Diagnostic and Statistical Manual of Mental Disorders (DSM)-III-R
in 1987 as a disorder with a specific diagnostic checklist and three subtypes: primarily inattentive,
primarily hyperactive, and combined. According to the American Psychiatric Association in the
DSM-V, to be considered ADHD, a child must have symptoms before the age of 12, for at least
six months, and affecting two domains of life. The prevalence of the three subtypes of ADHD are:
primarily inattentive (20–30% of diagnosed population), primarily hyperactive-impulsive (less than
15%), and combined subtype (50–75%) [2]. The prevalence of ADHD in the US among children is
estimated at 11% [3]. ADHD is very common among children and adolescents, consisting of about
50% of child psychiatric diagnoses [1].

2. Attention-Deficit/Hyperactivity Disorder

2.1. Etiology

A landmark theory about the primary dysfunction of ADHD was developed by Russel
Barkley called the Hybrid Neuropsychological Model of Executive (Self-Regulatory) Function [4].
This theory explains ADHD as primarily a disorder of maladaptive behavioral inhibition and
impairment of four executive functions. According to Barkley, behavioral inhibition has three
functions: inhibiting a prepotent response, stopping an ongoing response, and controlling interference.
Behavioral inhibition creates an opportunity for the executive functions to take place leading to
a response. The four executive functions Barkley identified are (a) working memory, (b) self-regulation
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of affect, motivation and arousal, (c) internalization of speech, and (d) reconstitution. In individuals
with ADHD, behavioral inhibition is dysfunctional, thereby impairing the four executive functions.
In turn, motor response in the forms of motor control, fluency and syntax are affected because these
actions are controlled directly by the four executive functions. Therefore, individuals with ADHD have
a cascade of dysfunction, beginning with a deficit in behavioral inhibition, leading to an impairment
of the four executive functions, resulting in altered motor responses [4]. Barkley’s theory must be
considered in the present literature review regarding how mind–body therapy has the potential to
affect executive functioning in ADHD.

ADHD has been correlated with many different genetic and environmental influences.
It has been identified that genetic factors, environment, brain structure, neural pathways,
and neurotransmitter levels influence ADHD and its symptoms [2,5,6]. In-utero influences such
as alcohol and tobacco exposure during pregnancy, low birth weight, toxemia, eclampsia, poor
maternal health, maternal age, and certain complications during labor can predispose a child to ADHD.
Furthermore, psychosocial adversity in a child’s life such as marital discord, low socioeconomic level,
paternal criminality, maternal mental disorders, large family size, or foster care placement have been
correlated with an increased risk for ADHD [5]. Further areas of study may be necessary to include the
mechanism of action on how these predisposing risks affect executive function in children with ADHD.

ADHD has been identified as a complex trait disorder meaning that it is affected by many
susceptibility genes. Each gene affects the risk of developing the disorder on a small scale (p. 51) [6].
Research on genetic associations with ADHD exhibit significant amounts of inconsistent results
most likely due to its complexity. Twin and adoption studies show that genetic factors may account
for over 70% of the of ADHD symptom variance. Mean heritability for ADHD has been shown
to be 77% in twin studies [5]. An extensive meta-analysis by Gizer et al. reviewed the candidate
genes associated with ADHD. Their analysis showed significant associations for several genes that
influence neurotransmitter function including serotonin, dopamine and norepinephrine regulation.
These were found to include DAT1, DRD4, DRD5, 5HTT, HTR1B, and SNAP25 [6]. One of the most
extensively studied was the candidate gene DAT1, which codes for a carrier protein that allows for the
reuptake of dopamine into the presynaptic neuron [6]. Studies also show genetic differences for the
norepinephrine transporter (NET) that affects ADHD functioning [7,8]. Dysregulation of dopamine and
norepinephrine is thought to play a role in ADHD symptoms [5,7]. The genetic variations associated
with ADHD decrease norepinephrine and dopamine activity in the synapses. Stimulant medications,
such as methylphenidate and amphetamine, may help overcome this by increasing the availability of
norepinephrine and dopamine by inhibiting transporter functions [7].

A longitudinal study among children showed that children homozygous for the major A allele
for NET were more likely to have a lifetime diagnosis of ADHD [7]. The major A allele may also
be associated with higher ADHD symptoms scores. Sigurdardottir et al. found that individuals
with the major A allele showed higher NET binding potential than controls. Higher NET availability
was found to be associated with higher symptom scores on the Conners’ Adult ADHD Rating Scale:
The Self-Report Screening Version (CAARS-S:SV) and Observer-Screen Version (CAARS-O:SV) [8].
Specific brain regions and neurotransmitters have been identified as playing a role in ADHD
symptoms. Previous theories explain that the prefrontal cortex of the brain has the overall function
of forming “cross-temporal structures of behavior that have a unifying purpose or goal” (p. 71) [4].
The prefrontal cortex is hypothesized to have a role in self-regulation of drive and motivational states
that precede goal-directed actions. Because of this, the prefrontal cortex and its executive functions have
an influence over motor control in the form of response, anticipatory setting to respond, or inhibition
of response. Persons with damage to the prefrontal cortex present with similar symptoms to those
with ADHD, having deficient inhibition and executive functioning [4]. Decreased volume of total
cerebral brain matter in the frontal cortex, cerebellum and subcortical structures are also associated
with ADHD. Hypofunction of anterior cingulate cortex may be associated with disinhibition in
ADHD. Furthermore, frontosubcortical pathways that operate with catecholamines are affected in

152



Children 2017, 4, 31

ADHD. Stimulant medications act on these pathways to increase inhibition of frontal cortical activity
on subcortical regions. In addition, the corpus callosum and cerebellum play a role in cognitive
functioning. Communication between the two regions may be degraded in ADHD [2].

Certain brain wave activity and patterns have been found among individuals with ADHD that
set them apart from their counterparts. Electroencephalography (EEG) is used to analyze brain
activity in individuals with ADHD. EEG studies can be analyzed both quantitatively and qualitatively.
Certain studies investigate waveform amplitude, absolute and relative power, dominant and
subordinate frequency analysis, wave percentage time, and coherence between regions. EEG provides
a measure of the “background state” of the brain. Since the 1930s, EEG studies have identified
that a subgroup of children with ADHD tend to have an increase in theta and delta slow wave
activity, mostly in the frontal region [1]. During inattentive or unfocused states, the slow theta
waves (3.5–8.0 Hz) dominate the prefrontal and frontal cortices, as well as other midline loci of the
brain. During relaxed, wakeful states, alpha waves (9.0–11 Hz) take over these areas of the brain.
Increasing awareness, planning, and purposeful actions cause the sensorimotor rhythm (12–15 Hz) to
appear in the motor cortex [9]. Training the sensorimotor rhythm through neurofeedback has been
hypothesized to improve inhibitory responses and control of attention in children with ADHD [10,11].
Focused attention or sustained mental effort causes beta-1 (13–21 Hz) and beta-2 activity (22–30 Hz)
to be active in the prefrontal, frontal and central midline areas (p. 434) [9]. As the brain moves from
a sleeping to attentive state, the wave frequency in central, midline and frontal regions increases
and the amplitude decreases. Many individuals with ADHD have been shown to exhibit increased
theta/beta wave ratios. Individuals with ADHD also exhibit differences in Event-Related Potential
(ERP) tests. The ERP tests evaluate the brain’s electrical response to stimuli directly after the stimulus.
It is conducted by presenting two types of stimuli, “Go” and “No-Go.” When presented with the “Go”
stimulus, the participant must respond, while when the “No-Go” stimulus is presented, the participant
is supposed to inhibit a response. According to the review by Monastra et al., participants with
ADHD perform significantly poorer on “Go,” “No-Go” tests. Slow Cortical Potentials (SCPs) are
event-related current shifts in the brain that originate from the upper cortical layer and last 300 msec
to a few seconds. Negative electrical shifts have been linked to reduced activation of regions related to
orientation and attention, which is of interest to ADHD research. SCP biofeedback training is currently
being studied where participants in this treatment receive “feedback” related to their regulation of
positive or negative current shifts. Reduced ADHD symptoms were reported in two studies of SCP
biofeedback training, but there is not enough controlled research to be able to consider it as an effective
treatment at this time [9]. However, it is not yet universal that EEG-neurofeedback can diagnose
ADHD based on brainwaves as it may only differentiate a relatively small group of these children.

Lazzaro et al. investigated brain wave activity of adolescents with ADHD compared to age- and
sex-matched counterparts [12]. The study recruited 54 male adolescents 11–17 years of age, 34 were
unmedicated, and the rest were taken off of medication two weeks prior to the study. They were
age-matched with 54 male adolescents without ADHD as a control group. The participants underwent
a baseline resting, open-eye EEG and then the experimental EEG where they were asked to focus their
sight on a black dot 60 cm away to limit eye movement. Brain activity was then measured for two
minutes. There was significantly increased theta and alpha-1 activity across anterior, midline, posterior,
left and right hemisphere brain regions among ADHD participants. Delta and alpha-2 activity was not
significantly increased among ADHD participants compared to control [12]. In summary, the majority
of individuals with ADHD presented with excess theta activity and decreased beta in the frontal and
central midline regions, also known as cortical hypoarousal. However, there is a minority of individuals
with ADHD who exhibit cortical hyperarousal or no changes in quantitative electroencephalography
(QEEG) compared to healthy controls. As far as diagnostic value of QEEG, the reported sensitivity and
specificity of the theta/beta power ratio has been shown to be comparably accurate in differentiating
ADHD from healthy counterparts when compared with behavioral rating scale measures [9].
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Heart rate variability (HRV) may be a useful marker for therapeutic changes in
ADHD and illustrates the relationship between ADHD and the autonomic nervous system.
Abnormal catecholaminergic function has been linked to ADHD, resulting in “underarousal of the
sympathetic system in children with ADHD” (p. 1366) [13]. Stimulants increase the dopamine
and norepinephrine activity. In turn, studies have shown increases in blood pressure and heart
rate due to these medications. One study consisting of 37 children with ADHD, ages 6–12 years,
showed a significant change in HRV from baseline to endpoint. Prior to the study, children were
either medication naive or taken off medication for at least two months. Square root of the mean
squared difference of successive normal-to-normal intervals (RMSSD) and high frequency (HF) were
calculated as indicators of parasympathetic vagal tone. Both of these measures were significantly
decreased after introduction of methylphenidate treatment from baseline to endpoint. Average heart
rate significantly increased from baseline to endpoint. These results may indicate that the children with
ADHD may exhibit decreased parasympathetic activity as indicated by increased HRV following
pharmacological intervention [13]. Another study by Rukmani et al. exhibited similar results,
finding that medication-naive children with ADHD had reduced overall heart rate variability compared
to age and gender-matched controls. They hypothesized that these results indicate catecholamine
dysregulation and parasympathetic dominance in ADHD [14]. However, this needs to be further
studied due to the heterogeneity of ADHD, as catecholamine and the autonomic nervous system
imbalance may be different in subgroups of individuals with ADHD. Mind–body therapies may offer
an effect on functioning of the autonomic nervous system. Future research should investigate effects
of mind–body therapy on measures of heart rate variability in order to compare its effects to that of
pharmacological treatment.

2.2. Current Treatments

ADHD presents with a complex etiology and has multiple treatment options. Stimulant medication
is the most often used medication for the disorder in younger children, and more recently,
non-stimulant medications are used for children and adolescent populations. Other treatments include
behavior modification, which includes therapy from clinicians, family or parent training and therapy,
and school-based interventions in the classroom [15].

A recent study of 152 children with ADHD revealed that initial treatment behavior modification
was less costly than initial treatment with a low dose of stimulant medication. This experimental
study found that, on average, children who underwent successful behavior modification training
had a cost of $392 versus $1448 for pharmacological treatment over a 10-month school year [16].
In addition, the Multimodal Treatment Study demonstrated that medication did have any long-term
benefits in reducing ADHD symptom severity [17]. Adverse effects that are most common of
stimulant medications are appetite loss, abdominal pain, headaches, and sleep disturbance [15].
Common effects of non-stimulant medications, such as atomoxetine, include initial somnolence,
gastrointestinal disturbances, and decreased appetite. Other non-stimulant medications, such as
clonidine or guanfacine, may cause somnolence and dry mouth [15].

Behavioral interventions and pharmaceutical regimens have been shown to be effective at
reducing ADHD symptoms significantly, especially when used in combination [18]. It deserves to
be explored if the integration of mind–body therapy, with these already accepted treatments would
further decrease ADHD symptoms and improve functioning. Mind–body therapies offer a wide range
of effects on psychosocial, emotional, and neurobiological functioning, making it a promising addition
to current therapy regimens.
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3. Mind–Body Therapies

3.1. Current Treatments

Integrative medicine offers an alternative or addition to pharmacological or cognitive-behavioral
therapies for treatment of ADHD. There are limited well-designed studies of integrative
therapies, making it difficult to generalize results. Current therapies to improve ADHD symptoms
identified through evidence-based medicine include diet, nutrient supplementation, gut health,
environmental health, and neurofeedback [19].

Mind–body therapy includes but is not limited to mindfulness, biofeedback, deep breathing,
guided imagery, progressive relaxation, hypnotherapy, and yoga [20]. A reason for incorporating
more integrative therapies is motivated by consumer interest and the need to improve treatment
outcomes. Mind–body medicine encompasses various therapies that are non-invasive techniques with
the aim of “harnessing positive thought and emotion for the purpose of enhancing health” (p. 102) [20].
The practice of mindfulness and meditation is a conscious exercise that builds attention control and
inhibitory skills [21].

3.2. Yoga

One field of mind–body medicine is the practice of yoga. Yoga is an ancient physical practice,
derived from Sanskrit word “yuj” meaning “to yoke,” and refers to uniting the body, mind and
spirit. Yoga teaches individuals to master certain poses and breathing techniques which may promote
self-control, attention, awareness and adaptive skills. Yoga has been used as a form of exercise and
meditation. It has been currently studied as therapy for the treatment of stress, chronic pain, asthma,
irritable bowel syndrome, and ADHD [20].

Yoga has various components to unite the body, mind and spirit. It is comprised
of the asanas (physical postures), pranayamas (breathing techniques), and dharana/dhyana
(meditation practices) [22]. The goal of these components is to connect the breathing,
thoughts, emotions, and body into awareness of the present moment. The conditions affected
by yoga explored by Rosen et al. included emotional, mental and behavioral health. The studies
reviewed showed significant decreases among children practicing yoga in a variety of measures
such as: negative stress response behaviors, total mood disturbance, negative affect, anger, resilience,
and fatigue/inertia [22]. There are few studies that may suggest that yoga influences HRV and
autonomic function, but more rigorous studies are needed to report any firm conclusions [23].

One study by Hariprasad et al. investigated the effects of yoga as a complementary therapy
for children with ADHD who were admitted in a child psychiatry unit [24]. The sample was made
of nine children, ages 5–16 years. Eight of the nine children were on medications. The children
underwent eight yoga sessions over the course of their inpatient stay. The children were rated on
Conners’ abbreviated rating scale (CARS), ADHD-rating scale IV (ADHD-RS IV), and clinical global
impression (CGI)-Severity. They were rated at the beginning of the study, discharge, and at one
month, two months and three months following the study. It was found that CARS, and ADHD-RS IV,
and CGI-S were significantly improved among the patients upon discharge. Confounding variables are
that this study lacked a control group and the group represents a more severely impaired population
of ADHD individuals as evidenced by their need for inpatient treatment. Additionally, the children
were taking medication and influenced by other inpatient interventions besides yoga. While yoga may
offer some benefit as a complementary therapy in an inpatient setting, this study lacks controls and
a large enough sample needed to recommend yoga as an add-on intervention [24].

Sahaja yoga practice as family therapy may have a positive effect on ADHD symptoms and could
possibly reduce dosage of medication in some cases. Another study investigated effects of Sahaja
yoga meditation as a family treatment for children with ADHD [25]. There were 48 participants in
the study, 31 receiving medication, 14 not on medication, and 3 unknown. The participants went
through a six-week program of 90-minute clinic sessions twice a week and regular meditation at home.
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Effects of the yoga were measured by pre- and post-assessment of child self-ratings and parent’s
rating of ADHD symptoms, self-esteem and child–parent relationship quality. The results of the
study indicated that parents reported significant improvements in ADHD symptoms, with an average
decrease calculated at 35%. The researchers also compared scores of the six non-medicated versus the
medicated children and found that there were no significant differences in symptoms, indicating that
the changes were likely not due to pharmacologic treatment. In addition, 11 of the 20 children who
were medicated could reduce their dose of medication throughout the yoga program. In addition to
improvement in symptoms, parents also reported improved self-esteem and relationships, feeling less
stressed and had a better ability to handle their children’s behavior. Children self-reported better sleep
patterns, less anxiety, more ability to focus at school, and less conflicts. However, this study relies on
unblended ratings of parents and lacked a control group, which makes it difficult to infer that Sahaja
yoga may be an effective adjunctive therapy for ADHD. Sahaja yoga has also been reported to increase
gray volume matter associated with sustained attention, self-control, compassion, and interoceptive
perception in older adults [26]. Additionally, the yoga as a form of stress reduction for parents of
children with ADHD is a valid topic to be explored by future research.

Yoga may also help increase time on task for students with ADHD in the educational setting.
One study investigated the effect of a yoga practice intervention on children’s time on task in school [27].
The participants were 10 children, ages 6–10, with attention problems. The children completed three
weeks of two sessions per week for 30 min in each session. The time to task was measured by
observation during morning class work in school. The observers used the Behavioral Observation
Form where time on task was defined as the percentage of intervals when students had eye contact with
the teacher or assigned task and performed assignments. Cohen’s effect size was calculated, with small
effect being 0.20 or greater, moderate 0.50 or greater and, large effect 0.80 or greater. Effect size for
each grade was calculated by taking the difference between the mean of the baseline and intervention
phases divided by the standard deviation of the baseline phase. The effect sizes regarding behavioral
observation scores were found to be from 1.51 to 2.72 for the three grade groups, showing a large
effect. At follow-up, the effect sizes were decreased, but still showing a moderate to great effect at
0.77 and 1.95. Observation as a measurement of student behavior has both strengths and limitations.
A limitation is that observation may include rater bias, especially when the observer is not blinded
to the purpose of the study as was the case in the present study. On the other hand, teacher-ratings
are often used in ADHD research such as the Conner’s parent/teacher rating scale. Another positive
result of this study was that children reported enjoying the yoga videos and that video format is
an inexpensive and easy method of presenting the therapy. Yoga may have the potential to increase
time on task in class and be an enjoyable and cost-effective treatment for children with attention
problems [27].

There are few experimental studies exploring the effects yoga on attention mechanisms. One study
investigated how 20 yoga sessions for boys with ADHD would help attention versus a control of
cooperative game activities [28]. The experimental group consisted of 11 participants and control
of eight boys. The two groups were assessed pre-and post-intervention using the Conners’ Parent
and Teacher Rating scale and scores were compared by one-way ANOVA. Qualitative data was also
taken from parents. The scores in five subscales of the measurement were improved for the yoga
group post-intervention. Parents also reported that the relaxation and breathing techniques were
beneficial when their children were restless, needed sleep, and affected their behavior in the immediate
period after class. The participants in both groups were receiving medication throughout the study.
This experiment shows that yoga can be an effective complementary therapy for children with ADHD
that are receiving medication [28]. The breathing and relaxation techniques that are learned through
yoga practice may be used by children to focus attention and decrease hyperactivity.

In reference to the theory of executive dysfunction being the hallmark of ADHD, yoga practice
must be evaluated in regards of its effect on these functions. Chou and Huang found that an eight-week
yoga program significantly improved sustained attention and discrimination function in children with
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ADHD compared with a control group [29]. The researchers created two groups of children 8–12 years
old from the same suburban area: yoga (n = 24) and control (n = 25). The two groups were matched,
so there were no significant differences in extraneous variables. They measured children at baseline
and after intervention on the Visual Pursuit Test and Determination Test. These types of measurements
may limit the application of this study because these two tests have not been used among ADHD
populations. However, the Visual Pursuit Test is used in psychological diagnostics for selective and
sustained attention and was used because attention deficits are symptoms of ADHD. Additionally,
the Determination Test assesses for reaction speed, attention deficits, and reactive stress tolerance
in the presence of external sensory stimuli. Findings revealed that the group who underwent yoga
intervention had significantly better reaction time and response accuracy at the two measurements [29].

Another recent study investigated yoga and physical activity on measures of executive
functioning [30]. They examined 30 female undergraduate students’ scores on the Flanker task,
a measure relating to inhibitory control, and the N-back task, a measure relating to working memory,
under three different conditions: baseline, aerobic exercise and yoga. It was found that response
accuracy to the Flanker task was significantly increased under the yoga condition compared to aerobic
exercise. The researchers believe that the positive effects exhibited under the yoga condition on the
two measures may be due to improvements in mood and its focus on body awareness and breathing.
By these mechanisms, it is hypothesized that yoga would have positive effects on attentional ability [30].

3.3. Tai Chi

Tai Chi is an ancient Chinese martial art consisting of slow movements coordinated with balancing
body weight and breathing deeply. There may be potential benefit for improving ADHD symptoms
of anxiety and hyperactivity with regular Tai Chi practice. A sample of 13 adolescents with ADHD
was studied to find the effect of a five-week Tai Chi intervention on symptoms according to the
Conners’ Scale rated by teachers. The participants were rated at baseline, at the end of the five weeks
and two weeks after intervention. During the five weeks, participants completed two 30-minute
sessions per week. It was found that the adolescents exhibited significantly decreased anxiety,
decreased daydreaming, decreased inappropriate emotions, decreased hyperactivity, and increased
conduct after the Tai Chi intervention. The scores persisted to be significantly affected even at the
two-week post-intervention post-test [31]. Researchers hypothesized that these effects may be due to
lower levels of stress and cortisol release, which has been shown as an effect of Tai Chi in previous
research studies [32]. According to the theory that executive functions are impaired in ADHD, Tai Chi
may help improve executive functioning because it requires a combination of focused attention on
movement and breath as guided by the teacher. This study shows that Tai Chi may have some
beneficial effects on adolescents with ADHD as an adjunctive therapy [31].

3.4. Physical Activity

In human studies, physical activity and fitness has shown to affect brain structure and increase
brain activity that is associated with conflict and attentional control. Though ADHD is a disorder
with a complex etiology, there are a few factors contributing to the likelihood of ADHD that may be
affected by physical activity. Exercise has also been shown to improve dopamine function, known to
be dysregulated in ADHD [33]. Brain derived neurotrophic factor (BDNF) has also been found to play
a role in ADHD symptoms through recent research [34]. This factor helps development of neurons
in the dopaminergic pathways in the brain, which may be of importance to impulse control and
attention. According to animal studies, BDNF expression is increased with stimulant medications [35].
The prefrontal and frontal regions contribute to regulation of catecholaminergic pathways involved in
ADHD. According to Madras et al., there may be a decreased ability for people with ADHD to reload
these catecholamines effectively [36]. Physical activity may affect these same neurological factors and
brain regions. It has been shown that physical activity increases cerebral blood flow, thereby potentially
helping where ADHD exhibits a deficit in blood flow to the prefrontal and frontal regions. Hunter et al.
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demonstrated that physical activity may increase the amount of dopamine and norepinephrine in
synaptic clefts which activate catecholaminergic pathways [37]. High impact running significantly
increased measurements of dopamine, epinephrine and BDNF activity. Additionally, these increases
were correlated with significant improvements in memory and learning ability tasks among the study
participants [37].

A recent meta-analysis demonstrated that physical activity increases executive function and
cognitive functioning with an effect size of 0.535 [38]. In another meta-analysis, pre-adolescent children
were found to have increased executive function after one aerobic exercise session (effect size 0.540) [39].
One study investigating karate and its impact on motor and cognitive development showed that this
particular martial arts form resulted in improved attention through the Tower of London test (effect
size 0.88, p < 0.05) [40]. Martial arts teach children to practice self-control, concentration and meditation
that may ultimately result in improvements of executive function. A study by Medina et al. showed
that boys with ADHD had significantly improved attention after high-intensity treadmill exercise
lasting for 30 min with or without medication [33]. The impact on cognitive function and academic
performance needs to be further studied, as a recent systematic review found that the evidence for the
effect of exercise on ADHD is equivocal and limited in quantity and quality [41]. While the preliminary
evidence supports physical activity as an adjunctive treatment for ADHD, the data is insufficient to
support it as a stand-alone treatment. A literature review by Gapin et al. suggests that future research
should investigate physical activity as a stand-alone therapy for individuals that prefer alternative
treatments as this topic has not been extensively tested in research [42].

4. Mindfulness-Based Therapies

Mindfulness and meditation have been found to “change brain activation patterns, contribute to
enhanced mood, reduce anxiety, improve stress management, reduce pain and enhance immune
function” [43] (p. 510). These effects imply that mind–body therapies could be well-suited for
symptoms of ADHD in children. Mindfulness is “defined as a process of bringing one’s complete
attention to the present experience on a moment-to-moment basis” (p. 64) [44]. In other descriptions,
it has been known as bringing awareness to the present experience without a judgmental attitude,
but rather attentive and curious [45]. Mindfulness was developed from ancient cultural meditation
practices and has now been adopted by Western psychology and medicine as treatment for stress
reduction therapy [44]. Additionally, mindfulness therapy has been found to be satisfying and without
unwanted side effects for persons with ADHD [45,46]. Meditation has been defined as a mental
training technique that can enhance an altered state of consciousness, resembling its similarity to
mindfulness [47]. Mindfulness and meditation have also been found to increase connectivity amongst
brain regions associated with executive function [48].

Meditation/Mindfulness

The effect of an eight-week mindfulness training program for adults and adolescents with ADHD
was considered [46]. The group consisted of 24 adults and eight adolescents who completed the
intervention of eight weeks with 2.5 hours of training per day and additional “homework” meditation
of 5 to 15 min. Measurements for pre- and post-intervention included the ADHD Rating Scale
IV and SNAP-IV scale (for ADHD symptoms), the Attention Network Test (ANT) (for alerting,
orienting and conflict attention), and the Stroop task (for attentional conflict), the Trail Making
Test (for set-shifting and inhibition), the Digit Span (for working memory) in addition to other
measurements. Substantial effects of the meditation were exhibited. In addition, 78% of participants
reported a significant reduction in their ADHD symptoms with 30% reporting at least a 30%
reduction. Significant improvement in attentional conflict and set-shifting was also found from
pre- to post-intervention. Participant satisfaction was rated at a 9/10 on the visual analog scale and
no adverse side effects were reported from the therapy. This study supports the hypothesis that
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mindfulness training may reduce self-reported ADHD symptoms and improved performance on
certain attentional and cognitive tests [46].

This study by Crescentini et al. examined the effects of mindfulness training on 16 healthy primary
school children ages seven to eight years old. The training consisted of three sessions per week for
eight weeks [45]. A pre-test and post-test were taken by the main teacher of the students measuring
behavior, social, emotion, and attention regulation skills. The children also self-reported mood and
depression symptoms. There was a positive effect of the intervention on reduction of attention and
internalizing issues. Children did not report any change in depressive symptoms after the intervention.
This study shows support that mindfulness training has beneficial effects on attention and ADHD
symptoms [45]. Mindfulness training can be incorporated into classroom activities or at home easily.
Unlike medications, there are no harmful side effects and the training can be virtually at no cost to
parents or teachers if they are educated on how to carry out the sessions for children

The effects of meditation on attention were studied by Jha et al. [44]. Two experimental conditions
were created to study mindfulness and its effect on attention. Three realms of attention were studied:
alerting, orienting and conflict-monitoring. These areas of attention were measured by scores on
the Attention Network Test (ANS) at Time 1 before treatment and Time 2 after treatment. Group 1
underwent an eight-week long, three-hour daily course. Group 2 underwent an intensive retreat
for one month where they completed 10–12 h of mindfulness practice. Group 3 was a control group
of persons with no previous mindfulness experience. Group 1 also had no previous mindfulness
experience, while Group 2 had previous mindfulness practice and therefore could be compared as
“experienced” in mindfulness. Results showed that participants in Group 1 had significantly improved
scores of orienting-type attention and endogenous orient attention in comparison with the other two
groups. Group 2 exhibited improved scores in exogenous stimulus detection when compared to the
other two groups [44].

Another study by Van de Weijer-Bergsma et al. incorporated parents and tutors into the
mindfulness intervention [49]. Ten adolescents, 19 parents and seven academic tutors underwent
mindfulness training for eight weeks for 1.5 h sessions. The training consisted of sitting meditation,
body scan, and breathing space exercises along with interventions to improve awareness of one’s
distractability, impulsivity, and hyperactivity. Measurements were completed before the training as
a pretest, at the end of the eight-week training and then again after 16 weeks. Measures consisted
of scales measuring behavior problems, executive functioning, mindful awareness, parenting stress,
parenting style, fatigue, happiness, and a computerized test of attention. Statistical analysis was
carried out from pre-test to post-test to follow-up by paired t-tests with significant effects at p < 0.10
in a two-tailed t-test. At eight weeks, it was found that the adolescents had improvements in
attention problems, executive functioning and performance on the computerized attention test [49].
The significance of their findings should be interpreted with caution, as the significance level is more
liberal at p < 0.10. Further study should explore effects on mindfulness, perhaps with the same
measurements but with larger sample sizes and interpreted with more strict significance scoring.

Studies show that meditative practice causes measurable changes within brain-wave activity.
One experiment by Lagopoulos et al. investigated the effects of nondirective meditation on theta and
alpha activity in the brain as recorded by EEG [50]. Eighteen participants who engaged in regular
meditation for many years were recruited for the study. The experiment compared the theta and
alpha activity between 20 minutes of non-directed meditation to non-meditative relaxation among the
participants. There was a significant increase in alpha and theta activity among all three brain regions
during meditation when compared to the relaxation session. Delta activity was significantly greater
in the temporal central region during meditation as compared to relaxation. There was significantly
greater alpha activity in the posterior region when compared to the frontal region, whereas theta activity
was greater in the frontal and temporal-central regions compared to the posterior [50]. Meditation’s
effects on brainwaves may be an important area of study to determine what brainwave changes occur
in children with ADHD practicing mind–body therapies, such as meditation.
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An important factor to consider in the discussion of mindfulness or meditation for ADHD
treatment is the type of meditation being used. Certain forms of mindfulness lead participants to
greater awareness or attention on breathing or emotions, while others encourage free, relaxed mental
states of “inattention.” For example, one form of meditation, known as Yoga Nidra, is characterized by
leading participants to “lose executive control” and has been shown to cause decreased blood flow to
areas of the brain that regulate executive functions [51]. This study showed increased theta activity,
which supports other meditation studies on brain wave activity. Because persons with ADHD already
exhibit increased theta activity, it is counterintuitive that meditation could exhibit a beneficial effect
on symptoms by causing a potential further increase. One potential mechanism by which meditation
might affect ADHD symptoms is through the regulation of dopamine. Kjaer et al. found that dopamine
release was significantly increased in the ventral striatum during Yoga Nidra meditation practice [51].
Through a C-raclopride Positron Emission Tomography (PET) scan, they found that there was as great
as a 65% increase in dopamine among their participants [51]. Since medications for ADHD primarily
target dopamine and norepinephrine transporters to increase synaptic levels, there may be a possibility
that meditation could exhibit similar effects to these medications by the same means [7,51].

5. Conclusions

Potential benefits and mechanism of action of mind–body therapies have been evidenced through
research and continue to be explored. Compared to pharmacological treatment, mind–body therapies
have little to no unwanted side effects. There is little cost compared to clinical therapy since the only
cost is for training or sessions that are typically conducted in groups. Activities such as yoga or Tai Chi
can be practiced at home or school. Families and teachers can access videos online or purchase videos
from reliable sources as resources to guide the therapy.

Mindfulness and meditation can be done anywhere and at any time. Furthermore, mindfulness is
a learned skill. It is counterintuitive that meditation has positive effects on ADHD symptoms because
theta to beta ratios are typically increased in ADHD, and meditation further increases theta wave
activity [48]. Meditation and mindfulness may improve symptoms not because of the quantity of
brainwave activity, but because of the learned skill to control attention and focus to a specific purpose
or action (i.e., the breath). Further study of whether persons with ADHD can perform meditation and
mindfulness more effectively because of their naturally increased theta activity is worth exploration.
How mind–body therapies affect neuroanatomical and neurotransmitter function may also support its
therapeutic use.

Mind–body training for parents has an added benefit to children’s ADHD symptoms. Parents who
practice mindfulness with parenting techniques report better outcomes in ADHD symptoms of their
children [48]. It is probable that the effects of the studies involving children and parents could be
not only due to the intervention itself, but the lasting actions of the child–parent interaction at home
following the mind–body sessions. A parent who learns mindfulness through yoga or meditation may
have improved methods of disciplining and responding to a child’s behavior, and, in turn, the child
may learn from the parent how to change their behavior in a positive way. Furthermore, having parents
involved in the same treatment as their children helps continuation of mindful practice at home rather
than limiting training to individual sessions.

Limitations of current research are primarily due to small sample sizes and lack of control
groups. More research needs to be done with larger sample sizes and more controlled settings.
Many of the studies reviewed also gathered data from subjective self-report or parent/teacher surveys.
More objective data should be measured alongside subjective data in future research.
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Abstract: Children must often endure painful procedures as part of their treatment for various medical
conditions. Those with chronic pain endure frequent or constant discomfort in their daily lives,
sometimes severely limiting their physical capacities. With the advent of affordable consumer-grade
equipment, clinicians have access to a promising and engaging intervention for pediatric pain, both
acute and chronic. In addition to providing relief from acute and procedural pain, virtual reality
(VR) may also help to provide a corrective psychological and physiological environment to facilitate
rehabilitation for pediatric patients suffering from chronic pain. The special qualities of VR such as
presence, interactivity, customization, social interaction, and embodiment allow it to be accepted
by children and adolescents and incorporated successfully into their existing medical therapies.
However, the powerful and transformative nature of many VR experiences may also pose some
risks and should be utilized with caution. In this paper, we review recent literature in pediatric
virtual reality for procedural pain and anxiety, acute and chronic pain, and some rehabilitation
applications. We also discuss the practical considerations of using VR in pediatric care, and offer
specific suggestions and information for clinicians wishing to adopt these engaging therapies into
their daily clinical practice.

Keywords: Virtual reality; pediatric pain; procedural pain; nonpharmacological; rehabilitation

1. Introduction

Children have always enjoyed games of “pretend.” While immersed in a game, they often become
deeply absorbed and able to ignore aversive stimuli. Immersive virtual reality (VR) is a promising and
engaging intervention that may help to decrease pain and anxiety for children undergoing painful
procedures and suffering from acute pain. In the context of their medical care, children may also endure
chronic pain and discomfort. Because VR makes it possible to transform how patients perceive their
bodies, it allows other, novel interventions that are possible in no other medium. Beyond providing
distraction and enjoyment, virtual reality may provide a corrective psychological and physiological
environment, and can facilitate rehabilitation for pediatric patients suffering from chronic pain, as
well as neurorehabilitation for children suffering from stroke and cerebral palsy. With the advent of
inexpensive consumer VR systems, the opportunities to research and deploy VR in the clinic have
expanded. However, the powerful and transformative nature of many VR experiences may also pose
some risks and should be utilized with caution in developing therapeutic VR interventions [1].

In this paper, we will review recent literature in pediatric virtual reality for procedural pain and
anxiety, acute and chronic pain, and some rehabilitation applications. We will also discuss clinically
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relevant characteristics of VR experiences, such as the aspects of presence, interactivity, customization,
social interaction, and embodiment. We will review how each of these requires special consideration,
and in some cases adaptation of the hardware or software, for a child population. Finally, we will
discuss the practical considerations of some currently available consumer VR systems, and offer
specific suggestions and information for clinicians wishing to adopt these engaging therapies.

2. Review of Virtual Reality in Pediatrics

We conducted a review evaluating articles that describe the use of VR in pediatric procedural,
acute and chronic pain. (see Table 1) We included articles detailing case studies or randomized trials
of the use of VR. Where such studies were not available, we referred to adult studies that may offer
insights into the potential use in pediatric populations, which are specifically described as pertaining to
adult populations. We will discuss the selected articles and themes as they are relevant to the improved
care of pediatric patients through VR. These articles can be roughly divided into two main areas of
clinical relevance: acute and procedural pain and anxiety, and chronic pain and neurorehabilitation.

Table 1. The following terms were searched on PubMed (www.ncbi.nlm.nih.gov/pubmed/)
between 2000 and 2017.

Key Word Search Number of Articles Obtained Number of Articles Deemed
Relevant and Utilized in Review

Virtual Reality and Pediatric Procedures 94 13
Virtual Reality and Pediatric Anxiety 14 7

Virtual Reality and Procedural Anxiety 13 8
Virtual Reality and Pediatric Procedural Anxiety 5 5

Virtual Reality and Pediatric Chronic Pain 4 4
Virtual Reality and Pediatric Acute Pain 5 5

Virtual Reality and Pain 312 31
Virtual Reality and Acute pain 35 16

Virtual Reality and Chronic Pain 63 27

2.1. Acute and Procedural Pain

Acute pain is pain directly related to a temporary injury and typically lasts a short period of
time (<6 weeks). Procedural pain and anxiety refers to distress derived from medical procedures,
including intravenous (IV) injections, vaccinations, anesthesia administration, and other needle-related
procedures, as well as other procedures required as part of routine care, such as burn wound
dressing changes.

Virtual reality was first used to manage acute pain during painful repetitive dressing changes
in patients with burn wounds [2]. Schmitt et al. demonstrated a reduction in pain of 27–44% in
pediatric patients who participated in the virtual environment featuring a wintery scenario, called
“SnowWorld”, while undergoing dressing changes [3,4]. Jeffs et al. corroborated the efficacy of VR in
burn wound pain management in adolescents [5]. In a randomized three-armed trial, 30 adolescents
were assigned to standard care, watching a movie, and VR engagement with the “SnowWorld” virtual
environment. The VR treatment group reported a decrease in pain compared to the passive distraction
(movie) group, (difference 23.7 points decrease in pain score out of 100 total), 95% confidence interval
(CI): 2.4–45.0, p = 0.029). In comparison to standard care, the VR group showed decreased pain as
well, though the difference was not statistically significant. Of note, the VR group was the only one in
which the patients’ pain during the actual dressing change procedure was reported to be less than the
pre-procedure pain [5].

Brown et al. performed a randomized controlled trial of an interactive VR intervention entitled
“Ditto” and showed not only a decrease in self-reported pain and anxiety in pediatric patients
undergoing dressing changes, but also an increased rate of epithelialization and faster wound healing in
those patients undergoing VR intervention for their procedures (−2.14 days (wounds healed 2.14 days
faster), CI: −4.38 to 0.1, p = 0.061), which was significantly faster when adjusted for mean burn depth
(−2.26 days, CI −4.48 to −0.04, p = 0.046) [6]. Lastly, Miller et al. showed that not only was pain
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reduced during dressing changes, but when a multimodal intervention was utilized, the procedure
required less time to complete (p < 0.05) [7]. Additional notable studies investigating the efficacy of
VR distraction on pain and anxiety in children and adults undergoing severe burn wound care are
referenced below [8,9].

Virtual reality has also proven successful at lessening procedural pain and distress related to IV
placement and other needle-related procedures. In a 2006 study, Gold et al. performed a randomized
control trial on 20 pediatric patients requiring IV placement [10]. The VR group received a multisensory
VR experience including visual stimulation from a HMD device, tactile feedback, and music, for 5 min
prior to IV placement until 5 min after placement. The control group received local anesthetic spray,
but no VR intervention for the procedure. They were permitted to utilize the VR equipment for 3 min
following IV placement. While children in the control group experienced a four-fold increase in pain
as measured by the Wong-Baker FACES scale [11], the VR group showed no increase in affective pain
following IV placement [10]. Nilsson et al. performed a similar study (N = 42) using a screen-based
three-dimensional (3D) program [12]. Pediatric and adolescent patients undergoing venous punctures
or subcutaneous venous port device insertion were randomized either to this non-immersive VR and
standard care, or standard care alone. Patients did not report a significant decrease in self-reported
pain for either condition; however, they did report that the VR distraction was a pleasant experience
that succeeded at distraction. (We note that this intervention was not immersive).

Beyond VR’s use in acute pain, it can potentially be used to make patients more familiar
and comfortable with procedures. Most hospital procedures are accompanied by some stress or
anxiety on the part of pediatric patients. He et al. looked at the effect of therapeutic play on
perioperative anxiety, negative emotional manifestation, and postoperative pain [13]. Ninety-five
children were assigned randomly to receive one hour of face-to-face therapeutic play involving objects
to be used in the operation, or no intervention. Those children that participated in therapeutic play
exhibited significantly lower levels of anxiety and negative emotion manifestation associated with
their upcoming operation, and even showed lower levels of post-operative pain [13]. Virtual reality has
the potential to familiarize children with the operation environment in a safe, controlled and playful
way, and potentially decrease their pain and anxiety.

2.2. Chronic Pain

Unlike procedural or acute pain, chronic pain is persistent for a period greater than six weeks,
often for months or years. It may include chronic headache, abdominal, limb, joint or back pain,
neuropathic or sympathetically maintained pain such as complex regional pain syndrome (CRPS),
and pain related to other medical conditions. In addition to symptom control, interventions often
strive to maintain or improve function and minimize disability. While there is little research on using
VR for the treatment of chronic pain in children [14], promising results in adults indicate that further
research in this area is advisable. Below, we describe the use of virtual reality in neuromodulation,
in physical therapy, and in biofeedback. We describe the limited research in children, and attempt to
extend relevant research in adults to pediatric patients.

Virtual reality may have the potential to amplify the neuromodulatory effects of traditional mirror
visual feedback (MVF), which can modify patients’ pathological cortical representations in the group
of chronic pain syndromes that includes phantom limb pain, complex regional pain syndrome and
fibromyalgia. Mirror visual feedback was first applied to adult patients suffering from phantom limb
pain (PLP) by Ramachandran and Rogers-Ramachandran [15]. This technique may exert some of its
benefits by encouraging the remapping of motor and somatosensory cortices, allowing a return to
a homeostatic processing mechanism and facilitating the improvement or resolution of the painful
experience. Mirror visual feedback was also found to be of benefit for CRPS in a randomized controlled
trial with adult patients [16]. Virtual reality has also been used in an open-label case study of five
adults with CRPS, four of whom reported reduced pain intensity over five to eight sessions [17].
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Besides providing a new medium for mirror therapy, VR also allows other avatar configurations
to be altered. For example, patients can also experience augmented motion such that a small motion in
the physical world maps to a large motion in the virtual one, or vice versa. Thus, a small movement
of the arm made in real life could be rewarded by a larger, more apparent arm movement in VR.
Conversely, for patients prone to guarding, movements made by patients in real life could be depicted
as more restrained in the virtual world [18], which might encourage such patients to move more
freely. Two studies demonstrated that adult patients with neck pain moved further and reported less
pain as a result of movement when VR was used to reduce their apparent movement [18,19]. In the
pediatric population, there is currently one feasibility study exploring the neuromodulatory effects of
VR. Won et al. showed that a VR experience with MVF and movement augmentation properties was
well tolerated by pediatric patients with CRPS during physical therapy sessions [20].

The hypothesis supporting the efficacy of neuromodulatory chronic pain therapies is founded
in the association between brain connectivity changes and improvement in chronic pain symptoms.
A study conducted by Lebel and colleagues found significant changes in the somatosensory processing
of symptomatic pediatric CRPS when compared to post-treatment CRPS patients and control
patients [21]. Because this processing resumes normality after months of traditional physical therapy,
it is possible that directly altering somatosensory processing (i.e., via mirror therapy), might itself be
helpful in resolving pain. Becerra et al. and Simons et al. [22,23] both showed changes in connectivity
in various intrinsic brain networks after therapies that reduced pain and improved function. It is still
under debate whether the association of successful recovery from CRPS symptoms is directly related
to changes in brain connectivity or brain plasticity, and further research is required to determine what
other factors may be involved in remapping somatosensory processing [24]. However, another piece
of evidence supporting this hypothesis comes from graded motor imagery, a therapy that involves the
imaginary mental rotation of one’s limbs. Adult studies have shown that this therapy is associated
with both changes in connectivity in the central nervous system as well as reduction in pain [25], and
pediatric patients may also benefit from such therapy.

As discussed above, VR offers an engaging opportunity for children to practice motions that
would be impossible or unsafe in the real world [26]. Especially in diseases like cerebral palsy, where
motion is difficult, the opportunity to engage in active/repetitive motor and sensory practice can
increase neuroplasticity and allow for learning to overcome some limitations of the disease [27].
In a study by Biffi et al., 12 children with Acquired Brain Injury (ABI) participated in 10 sessions using
an interactive VR system called GRAIL (Gait Real-time Analysis Interactive Lab); treatment sessions
led to improvement in walking abilities and enhanced engagement during training, suggesting that
VR may play a role in the field of rehabilitation [28]. Although not discussing efficacy, Meyns et al.
demonstrated the feasibility of using VR training to improve balance in children with cerebral palsy
after lower limb surgery [29]. For a more in-depth review on neurorehabilitation applications of VR,
please refer to the following excellent review by Wang et al. [26].

In addition to alterations in neuronal representation, patients with chronic pain often exhibit
a debilitating fear of inducing more pain through movement. This fear not only seriously affects
patients’ ability to function; it can also inhibit physical therapy efforts. Trost et al. discusses the use of
VR interventions to provide graded exposure treatment for pain-related fear and disability in adults
with chronic low back pain [30]. Collado-Mateo et al. also found that a combined program of physical
exercise and non-immersive VR improved adult patients’ mobility, balance, and fear of falling in
adult fibromyalgia patients [31]. Senkowski et al. cite significant promise in the use of VR-assisted
therapy to aid in the decrease of fear-avoidance behavior and improvement in distorted body
images [32]. Fear-avoidance is noted to be an issue in the pediatric population with chronic pain [33];
however, no VR interventions have yet been specifically designed to address this phenomenon.
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2.3. Other Applications

Another possible application is the use of a virtual pain coach. A VR experience could reinforce
therapeutic movements and exercises in an out-of-clinic environment. This is especially useful for
long-distance patients or patients who are unable to be physically present for other reasons [34].
The variety of VR therapy options makes it an effective intervention to integrate into existing
interdisciplinary programs, combining medical treatment, physical therapy and psychological
interventions [35].

Finally, the effects of VR may potentially be augmented by other techniques such as biofeedback
or hypnosis. Biofeedback is the process of providing the patient with information on his or her own
neurological data such as heart rate variability, temperature, or muscle tension. In a recent pilot study,
non-immersive VR mirror visual feedback was used successfully in combination with biofeedback to
treat pediatric patients with chronic headaches [36]. Virtual reality was also used in conjunction with
hypnosis in an adult case report [37].

3. Qualities of Virtual Reality

In the next section, we will discuss five qualities of VR that are of interest in considering clinical
applications for children: presence, interactivity, social interactions, customization, and embodiment.
We will then summarize current research on how these qualities may be useful for treating children,
and note some potential areas of caution (see Table 2).

Table 2. Possible benefits and side effects of VR.

Benefits

• Provides distraction from pain
• Promotes movement
• Promotes imagination
• Fosters sense of internal health locus of control
• Promotes cortical repatterning (potentially)

Side Effects

• Visually-induced motion sickness (dizziness, nausea)
• Collisions with nearby objects
• As with other media, risks social isolation
• In younger children, possible potential for “false memories”

3.1. Presence

Presence is the subjective feeling that the user is experiencing the environment and interactions in
the virtual world are [38]. It is often measured by self-report, has been linked to physiological processes
such as changes in hear rate and skin resistance [39] and behavioral measures such as not responding
to stimuli in the real world [40]. Feelings of presence can be evoked by even a simple VR system, such
as a 360◦ video viewed through a smartphone in a cardboard housing. However, a recent meta-analysis
indicates that features such as improved tracking, stereoscopy, and wide field of view can make VR
experiences feel more real [1]. VR is particularly promising as a distractor for procedural and acute
pain because of the deep sense of presence created by virtual worlds. The immersive features of virtual
reality technology immerse the patient with rich sensory stimuli, creating a realistic experience and
effectively directing attention away from adverse stimuli [41,42].

Age may influence how virtual environments are experienced. For example, during burn wound
care treatment with VR, pediatric patients reported higher levels of presence compared to adults
receiving the same treatment [43]. Experiencing virtual environments as extremely real has important
implications for how children behave and understand the world after the VR treatment. Baumgartner et
al. showed that children’s brains process virtual experiences differently than adults and young children
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may require different types of immersive experiences [44]. During early childhood (e.g., three to
five-years-old) children’s sense of fantasy and reality is rapidly developing [45,46]. Virtual reality can
create realistic environments that may seem extremely real, particularly to young children.

Given that children may be more vulnerable to believing virtual experiences as real, virtual
environments may need to be carefully selected and contextualized so that children are able to
interpret their memories of the experience as derived from media rather than real life. In addition,
for some age groups, debriefing post-VR experience may be necessary.

3.2. Interactivity

Virtual reality therapies incorporating tracked body movements allow for greater interactivity.
In a study examining cold pressor-induced pain in 40 children of age 5–13, greater interactivity led
to greater pain tolerance [47]. Children with disorders requiring intensive physical therapy, such as
those with CRPS [20] or cerebral palsy [48], may benefit especially from interactive VR scenarios. Such
scenarios can encourage them to engage in physical therapy while simultaneously increasing their
pain tolerance.

High levels of interactivity, while effective in reducing pain, can be accompanied by a sense of
nausea and increased potential for collisions with objects in the real world. Clinicians using VR as
therapy should be aware of these minor risks and take appropriate precautions for pediatric patients.
The more immersed users are in a virtual environment, the more the sensory input from the real world
is occluded, and active users risk painful collisions.

Even adults can be at risk of falling or colliding with objects; during set-up, consumer VR systems
require users to define a safe “play space”, and displays are equipped with safety warnings and
reminders to be careful when users approach the edge of this area. As children move around a virtual
space, they may come dangerously close to objects in the real world. Even if children are seated,
they should be monitored. Careful spotting is necessary to prevent them from injuring themselves or
bystanders by accidentally colliding with real-world objects.

In addition, although both children and adults can be prone to “cybersickness” or feeling nausea
or dizziness, children may be less able to anticipate and articulate their discomfort. Caretakers and
clinicians will need to be aware of the possible signs of sickness and develop ways to measure
children’s discomfort in non-verbal and unobtrusive ways such as how children are moving their
bodies. Another alternative is to set pre-determined timers to take short breaks.

3.3. Social Interactions in Virtual Reality

Many factors affect children’s and adolescents’ attraction to video games, one being their ability
to share the experience with friends [49]. The use of social interactions may be particularly effective
during adolescence, a time in which children are particularly sensitive to social environments [50].
Children as young as five years old respond to digital others in social ways, such as using information
from a virtual character and a live person at equal rates to solve a decision-making task [51].

Children with chronic pain may have particular deficiencies in their abilities to develop and
maintain peer relationships due to increased school absences, decreased physical ability to engage in
sports or social activities, and decreased mood and motivation [52]. Virtual environments may offer
an alternative platform for children to build these relationships by giving them access to near-real
experiences that they can share with others. Children with high medical acuity, such as those in
post-transplant oncology, who may be confined to a single room or unit, may benefit from access to
virtual interactions if they are not able to engage with peers due to their ongoing medical condition.
Since older children are already actively involved in virtual environments [53], the presence of
virtual others offers new opportunities. For example, physical therapists might incorporate their
own behavior into the environment via an avatar, which could help patients visualize or mimic the
correct movements.
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However, as in real life, children need age-appropriate environments. Social virtual environments
where children can interact with others such as High Fidelity (highfidelity.io) or AltspaceVR
(altVR.com) may require additional permissions so that outsiders cannot interact with patients.
In addition, the risks and benefits of social media are also applicable when social media platforms
provide opportunities for patients to engage virtually. While Facebook’s current beta application,
Spaces (oculus.com/experiences/rift/), and other environments linked with social media platforms
may make it easy for children to engage with Facebook friends in immersive virtual reality, such
interactions should not allow children to isolate themselves from face-to-face interactions.

3.4. Customization

Clinicians or patients themselves can select different virtual scenarios, and as commercial VR
experiences become more common, there will be more entertainment options from which to choose.
Allowing children to contribute towards selecting their virtual experience allows them agency and the
ability to tailor content to their interests, as in a study by Ni et al. [54] in which pediatric patients and
therapists evaluated games for degree of engagement and therapeutic usefulness together. For example,
children undergoing chemotherapy who selected from a variety of virtual scenarios demonstrated
reduced symptom distress [55].

Another area in which customization can be advantageous is in avatar representation.
Children can select and customize their own avatar, providing them with a sense of control in a clinical
setting that can significantly reduce patient stress [56]. When embodying stock avatars, children may
need guidance in selecting age-appropriate material, as research suggests that users may conform their
behavior to their preconceptions about the avatars they embody [57,58].

3.5. Embodiment

When body trackers, such as hand trackers, are used in virtual reality, participants can move their
tracked limbs in real life and see their movements represented by the movements of their avatars in
virtual reality. Thus, when patients are embodied in an avatar, they gain the sense that their avatar
body has replaced their real body. This allows interventions that are possible in no other medium.

The tracking capabilities inherent in embodied VR experiences also offer clinicians the ability
to monitor their patients’ physical movements and quantify rehabilitative effort without relying on
self-report data. As wearable monitors for tracking physiological data such as gait and posture become
increasingly used, clinicians may observe their patients on multiple levels and tailor their treatment
accordingly. As with all patient data, movement data in children must be carefully protected.

Movement is not the only aspect of patient activity that can be visualized. Biofeedback is one arena
that would lend itself well to the flexibility of virtual reality, allowing the visualization of pain-linked
physiological signals. This could be particularly useful for children who may not be as adept as adults
at verbally describing sensory information, or translating verbal instruction into action. An example is
described in a recent pilot study mentioned above, where non-immersive VR mirror visual feedback
was used in combination with biofeedback to treat pediatric patients with chronic headaches [56].

In VR, patients can also be embodied in novel avatars, or avatars that do not conform to the
limitations of their physical bodies [57,58]. As discussed above, Jäncke et al. propose that children
may be more susceptible than adults to developing a feeling of presence in virtual environments,
even in novel avatar bodies [59]. Thus, as with virtual environments, the experience of embodiment
in an avatar, especially an avatar that is dissimilar to a child’s real body must be contextualized.
Debriefing post-VR may be necessary.
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4. Practical Aspects of Virtual Reality: Hardware and Software

Clinicians looking to integrate virtual reality into their practice may benefit from the following
information about the strengths and limitations of current consumer VR set-ups.

At a minimum, virtual reality requires a display in which the user sees the virtual environment.
In the most common consumer systems, this is done through a head-mounted display (HMD).
An HMD is a type of VR headset that displays digital images on two screens in front of the user’s
eyes. In phone-based VR systems such as Gear VR, Google Cardboard or Google Daydream, the HMD
consists of a smartphone wrapped in an inexpensive case with lenses, such that the phone provides
both the computing power and display. In more powerful VR systems, such as the Oculus Rift or HTC
Vive, the content displayed on the headset is generated by a desktop or laptop computer certified as
“VR ready” by the manufacturer, or, in the case of PlayStation, by a video game console. In all of these
systems, the user’s movements are tracked, and the system updates the content that is displayed to the
user based on these tracked movements. Thus, as a child turns her head when looking around a virtual
environment through an HMD, the content updates on the screens in front of her eyes, just as it would
in the physical world if she turned her head to look at a different part of the room. Brief descriptions
of some currently available consumer systems are found in Table 3.

4.1. Tracking Movement

Tracking users’ movements while they experience VR is a key factor in creating realistic
and compelling scenarios [1]. Two kinds of tracking are used in VR: orientation and position.
Orientation, shown in Figure 1, tracks the user’s head movements and allows her to gaze around her
virtual environment.

Figure 1. The child may move her head in pitch orientation, as in nodding her head, in yaw orientation,
as in moving her head from side to side to look around the environment, or in roll orientation, as in
touching her ear to her shoulder.

In VR systems that only have orientation, users are unable to move through scenes using their
own body movement (i.e., walking). Instead, users might navigate through virtual environments using
gaze, touchpad input or other less-embodied navigation techniques. Currently, smartphone-based
devices tend to track only head orientation. While these systems are more limited in some respects,
they are generally portable and self-contained, and require very little set-up time or space to use.
They are also lighter, cheaper and potentially easier to clean and/or have disposable components,
all of which may provide significant advantages when using them for pediatric patients.

In addition to orientation tracking, systems can also have positional tracking
(e.g., moving forwards or backwards in VR). Position, shown in Figure 2, tracks the user’s
body and allows him to relocate within his environment. If the user holds hand trackers, his or her
hands will also be tracked. This allows the user to interact with objects in the environment using his or
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her hands, and optionally see his or her hands represented by an avatar’s hands. Positional tracking
typically uses external sensors placed around a room that capture the position of the headset and/or
additional tracked objects. Such systems allow users to walk around in the virtual space.

Figure 2. Virtual Reality (VR) coordinate system. In this picture, movement in the y-axis corresponds
to moving up and down, movement in the x-axis corresponds to moving left and right, and movement
in the z-axis corresponds to moving forward and backward. While global positional coordinates may
vary according to set up, y is the up–down direction and the z-axis will often reflect movement towards
the monitor of the desktop computer.

While they increase the level of interaction available, systems with sophisticated tracking
capabilities that include hand trackers tend to be more expensive than those that only capture
orientation. While still portable to an extent, more complex systems also require sufficient space
for patients to safely move around, and the headsets may be heavier. They will also require more
set-up time.

4.2. Hardware Issues to Consider for Children

Although consumer headsets are designed to be adjustable, they can be too heavy or too large to
be easily used by smaller children, as Dahlquist, et al. speculate in their 2009 study [41]. An additional
issue for hospital use is that headsets, along with hand-tracking devices, which come into close contact
with users’ bodies, will need to be cleaned.

These issues and more can be easily addressed through modular additions and adaptations to the
basic VR unit, which would allow the technology to be effective in a wide range of clinical situations.
Some consumer systems have washable covers to protect the parts of the headset that come into contact
with patients’ skin. Cleansing wipes can also be used on both trackers and sensors. In a 2014 study
on a patient who had burn wounds on his head, a consumer HMD was mounted to an articulated
arm so that the patient did not actually need to wear the device [9]. Very young children may also
need the unfamiliar equipment to be decorated or disguised to be more appealing. As one of the
authors has found, by introducing an HMD as a mask with a soft cover designed with a friendly
face, children were more open to wearing the virtual reality equipment [60]. If trends in lightness,
portability, and decreased price continue, VR systems are likely to become increasingly better adapted
for pediatric patients.
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4.3. Virtual Content

Researchers seeking virtual content have three options. They may use existing free or inexpensive
consumer content. They may develop their own content. Finally, they may work with industry partners
focused on the clinical use of virtual reality. The following section lists some resources available at
press time.

Free or pre-existing games designed for virtual reality are becoming increasingly available and
may be an appropriate option, particularly for procedural pain. Such games can be purchased and
downloaded; for example, through the Steam and Oculus libraries. Another type of frequently free
virtual content is 360◦ videos, which can be downloaded directly to the device. Some main content
libraries are currently YouTube360, Within, Jaunt, NYTVR, Condition One, WSJ, and LifeVR [61].
Most content in these libraries consists of 360◦ videos, which allow for orientation tracking without
much interaction. Finally, social interactions in a virtual space can be facilitated using social platforms
such as Facebook Spaces, High Fidelity, AltSpaceVR, etc.

Virtual content can be also created for specific clinical purposes using development platforms such
as Unity3D (unity3d.com), Unreal (unreal.com) and Vizard (vizard.com). Researchers seeking to create
customized content, which might include those investigating rehabilitation or neurorehabilitation,
may require specialized tracking and rendering or customization. Such researchers might consider
collaborating with university departments, for example computer science, information science,
or communication departments, or work with existing software companies. Recording one’s own
immersive video is also an option. Cameras ranging in complexity and price from the hundreds to
thousands of dollars allow researchers to record their own video content and prepare it for viewing
through a phone-based HMD.

Finally, there is increasing commercial interest in supplying clinicians with virtual reality
applications. While it is outside the scope of this paper to recommend specific companies, searching for
“virtual reality therapy” online will provide a list of suppliers. In addition, it is possible to make some
recommendations for clinicians to take into consideration when working with a supplier. If patient
data is collected as part of treatment, it may raise confidentiality issues. Developers should have
experience working in a clinical setting. Compatibility with hardware should also be considered,
as some application developers use proprietary hardware, while others allow the use of consumer
systems. A brief list of currently available free games can be found in Table 4, below.

Table 4. Suggestions for VR games and their applications.

Game Title Hardware Compatibility Where to Find It Potential Applications Qualities

Google Earth VR -HTC Vive
-Oculus Rift https://vr.google.com/earth/

-Anxiety
-Distraction therapy
-Procedural pain

-Hands-free
-Cinematic
-Engaging

Minecraft

-HTC Vive
-Oculus Rift
-Samsung
-GearVR
-Google
-Cardboard

1. Install PC version of Minecraft
2. Install Vivecraft
(http://www.vivecraft.org/) for
VR compatibility

-Anxiety
-Distraction therapy

-Controller required
-Well-known by kids
-Engaging

Guided Meditation VR

-HTC Vive
-Oculus Rift
-Samsung
-GearVR

https://guidedmeditationvr.
com/download/

-Anxiety
-Distraction therapy
-Procedural pain

-Hands Free
-Calming

The Lab -HTC Vive
-Oculus Rift

http://store.steampowered.
com/app/450390/The_Lab/

-Anxiety
-Distraction therapy

-Exploration
-Specific movements
(archery + slingshot)
-Scenic

The Blu -HTC Vive
-Oculus Rift

http://store.steampowered.
com/app/451520/theBlu/

-Anxiety
-Distraction therapy

-Hands-free
-Cinematic
-Exploration

While more research is necessary to determine the more complex aspects of VR in pediatric care,
VR can be used immediately to improve the quality of life for pediatric patients. A clinician may order
one of the above-mentioned devices to be kept in the clinic and made available to patients who require
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one of the procedures described earlier in this review. For example, a child might be given a headset
and immersed in a relaxing forest scene while they are receiving an immunization or IV placement.
Alternatively, a child requiring frequent dressing changes, or other painful procedures may choose
to purchase a unit for home use to assist with pain management. A patient with chronic pain may
find it beneficial to use VR interventions to temporarily alleviate symptoms, or to assist in performing
challenging tasks while in physical or occupational therapy. The number of applications is unlimited,
and can be adapted to the individual child’s interests and the clinical therapeutic need.

5. Conclusions

In summary, VR is a promising new technology that offers unique opportunities to modulate the
experience of pain. These opportunities include the management of acute and procedural pain and
familiarizing children with future procedures via simulation. In addition, extrapolating from current
evidence in adults, we propose that virtual reality may assist in the treatment of pediatric chronic pain
via neuromodulation, as well as physical therapy.

Given the reduction in cost and increased ease of access, we hope that clinicians will be encouraged
to explore the potential of this new modality. While the immediate adoption of VR can already engage
and entertain children in a clinical setting with potential therapeutic benefits, continued study of
the applications and efficacy of virtual reality in the treatment of pediatric pain is needed to better
understand the impact upon quality of life for pediatric patients.
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