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Abstract

Background: The emerging paradigm of whole person health shares many core principles with traditional
complementary and integrative health frameworks, including Tai Chi and Qigong (TCQ).
Methods: In the Fall of 2023, the Harvard Medical School Osher Center for Integrative Health hosted the inau-

gural international conference on The Science of Tai Chi & Qigong as Whole Person Health: Advancing the
Integration of Mind-Body Practices into Contemporary Healthcare held at Harvard Medical School. A two-part
white paper was written to summarize key conference topics, findings, and issues.
Results and Discussion: Part I presented here summarizes the rationale for the conference and synthesizes the

state of evidence for TCQ as rehabilitative and preventive tools for a range of clinical conditions, including falls
and balance, cognition, mental health, sleep, cardiorespiratory health, musculoskeletal health, cancer, as well
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as translational evidence related to the neurophysiology, brain and immune function, and biomarkers of inflam-
mation. The state of science of TCQ, viewed through the lens of traditional East Asian health constructs, is also
discussed. Part II of this white paper outlines evidence gaps and opportunities and discusses strategies to address
challenges in TCQ research, dissemination, and implementation.

Keywords: mind–body, integrative health, movement, whole person health

Introduction

T he emerging paradigm of whole person health, a frame-
work underlying strategies for health care research and

delivery in the U.S. Veteran’s Health Administration,1–3

National Center for Complementary and Integrative Health
(NCCIH) at the National Institutes of Health,4 and many
other international programs and institutions,5–8 shares many
core principles with traditional complementary and integra-
tive health frameworks, including mind–body movement
(MBM) practices. Core principles underlying both whole
person health and MBM practices include the following: (1)
health emerges from complex and multilevel cross-systems
interactions, including psychophysiologic processes that link
mind and body; (2) health and health care need to address
both pathogenesis (i.e., disease) and salutogenesis (i.e., well-
ness), including primary and secondary prevention across
the lifespan; and (3) health and wellness must consider
patient-centered values (what matters to individuals practi-
cally, emotionally, socially, spiritually), as well as biologic
symptoms and markers of disease. Addressing these holistic
tenets is especially relevant in the context of declining popu-
lation health and the U.S. Health care system, in which costs
are increasing yet with worse clinical outcomes compared
with other countries and without benefit to lifespan.9 Causal
links between deteriorating global trends in population
health and noncommunicable diseases (NCDs), which are
known to be preventable and (potentially) well-managed
with mind–body and behavioral strategies, make exploring
the ties between whole person and mind–body health even
more germane.10,11

Tai Chi and Qigong (TCQ) are two increasingly popular
MBM therapies that show promise for integration on a large
scale in Western health care systems. On September 18–19,
2023, the authors convened an inaugural international con-
ference entitled, The Science of Tai Chi & Qigong as Whole
Person Health: Advancing the Integration of Mind-Body
Practices in Contemporary Healthcare in Boston, MA,
USA. The goals of the conference were as follows: (1) to
provide an international forum for researchers and practi-
tioners to disseminate scientific findings relevant to TCQ
and related mind–body practices, assess the evidence base in
the context of whole person health, and shape and inform the
future research agenda, and (2) to foster interdisciplinary
dialog and collaboration aimed at developing innovative
strategies that address current challenges in mind–body
movement research, dissemination, and implementation.
With this in mind, this white paper is intended to articulate
the rationale for the event, to synthesize and summarize the
state of evidence for TCQ as rehabilitative and preventive
tools for a range of clinical conditions, and to sketch a road
map of current knowledge gaps in evidence and strategies
for addressing them. Part 1 of this white paper directly

reflects the five major plenary sessions of the conference
covering the overarching topics (Whole Person Health––
Integration Across Physiological Systems, State of the Sci-
ence in Tai Chi & Qigong Research 1 & 2, Implementation
of Mind–Body Practices in Contemporary Healthcare,
Explorations in Body Intelligence––Examples from Western
and East Asian Medicine Research). The keynote speakers
were engaged in teleconference in preparation for the confer-
ence and to contribute to this white paper based on confer-
ence presentations and discussions.

Background

Defining Tai Chi and Qigong

TCQ share a common history that includes elements of Tra-
ditional Chinese Medicine, martial arts conditioning, and
Asian holistic lifestyle philosophy.12 Recent historic literature
links Tai Chi’s origin to martial arts lineages practiced in the
16th century AD, whereas Qigong-like practices have been
identified in documents dating as far back as the 4th century
BC.13–15 Both TCQ are inherently multimodal, and training
typically integrates flowing movements, dynamic and static
postural control, and breath instruction, along with a variety of
cognitive skills including heightened somatic awareness,
imagery, and focused mental attention.16–19 The “active ingre-
dients” of Tai Chi have been previously described to include
multiple shared therapeutic components, including awareness,
mindfulness, and focused attention; intention, belief, and
expectation; structural integration; active relaxation strength
and flexibility training; natural freer breathing; social support,
interaction, and community; and embodied spirituality, philos-
ophy, and ritual.17,19 While there is great heterogeneity within
and between these practices, traditional Tai Chi training typi-
cally emphasizes relatively longer choreographed sequences
of movements (forms or sets) with a focus on functional mar-
tial applications, whereas Qigong typically uses a more sim-
plified and repetitive choreography, with greater emphasis on
health and spiritual well-being.12 Both TCQ are considered
forms of “Meditative Movement”20 and movement-based
embodied contemplative practices.21 In part, to adapt to repli-
cable protocols suitable for academic and biomedical research
community, over the past 50 years highly simplified Tai Chi
forms have been developed centering around shorter, repeti-
tive movement phrases and emphasizing nonmartial mind–
body therapeutic principles.22,23 Moreover, in clinical trials,
even when more traditional Tai Chi forms are evaluated, they
are often combined with Qigong-inspired “warm-up” and
“cool-down” calisthenics, which reinforce mind–body training
and practice principles common to both TCQ. For these rea-
sons, during their conference and in this white paper, TCQ are
grouped together and considered comparable interventions
from both conceptual and therapeutic perspectives, as articu-
lated in multiple recent reviews.18,24–27 For practical purposes
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in this white paper, they are jointly referred to as “TCQ.” This
approach is being taken with full awareness that future
research may wish to evaluate these practices with greater
granularity. This may include studies to evaluate if there are
optimal styles, protocols, doses, and teaching approaches for
Tai Chi and/or Qigong that match the needs of specific popu-
lations (e.g., older vs. younger adults; cardiovascular vs. pain
conditions) and desired health outcomes (e.g., physical func-
tion, inflammatory markers, spiritual well-being).

Prevalence of TCQ use and integration with modern

healthcare

Estimates of the prevalence of use of TCQ worldwide are
not readily available. One recent survey based in the United
States estimates that in 2017, 1.7% or approximately 4.05 mil-
lion individuals, reported practicing Tai Chi or Qigong in the
past 12 months for health purposes.28 This estimate is approx-
imately 64% higher than estimates obtained using similar
methods in 2007.28 Estimates from Asia,29 Canada, Europe,
Australia,30 and Central and South America are not well
established. However, nonsystematically collected data, such
as the number of countries that have adopted formal national
proclamations acknowledging World Tai Chi and Qigong
Day, suggest that prevalence of use (and popularity) is grow-
ing worldwide.31 Data from one U.S. national survey suggest
that individuals using TCQ for medical reasons are more
likely to be older than 30 years, of an Asian, African Ameri-
can, or ethnic origin other than White, and college educated.
Health-related engagement in TCQ is related to wellness/dis-
ease prevention and to improving energy, immune function,
athletic performance, or memory/concentration. Stress, arthri-
tis, and joint problems are the most frequent specific health
problems attributed to starting practice. However, survey
results vary, and patterns and reasons attributed to the use of
TCQ have varied over time.28,32–35 One noteworthy and
important finding from a recent review of survey data in the
United States concluded as follows: “Given that the greatest
increases in use of TCQ from 2007 to 2017 were in older
adults, females, low-income individuals, [those with limited
access to health care], and people who were physically inac-
tive, TCQ may serve as an age-appropriate, cost effective,
mind-body exercise for these groups of populations to help
ameliorate health disparities.”28

Approaching TCQ research from a systems biology
and whole person health perspective

The remarkably broad constellation of therapeutic effects
attributed to TCQ––including positive impacts on falls,
mobility, musculoskeletal disorders, cognition, cardiorespir-
atory and metabolic function, immunity, affect, sleep, mood,
cancer-related symptoms, and multiple higher level behav-
ioral processes (e.g., perceived self-efficacy)––likely reflects
two key concepts central to the field(s) of whole person
health and complementary and integrative care. First, out-
comes across the multiple systems impacted by TCQ train-
ing are typically not independent. Changes in one system
(e.g., pace and depth of respiration) directly and indirectly
impact other systems (e.g., blood pressure, neuroendocrine,
and emotional regulation). This systems approach or “eco-
logical” framework in which health emerges from cross-

systems interactions,36 including those broadly attributed to
mind and body, is resonant with healing models of East
Asian medicine from which TCQ originates.19 Second, the
broad multisystem health impacts of TCQ likely result from
the multicomponent nature of these interventions, which
have evolved to include a complex mixture of “therapeutic
ingredients and components” (e.g., aerobic and weight-
bearing activity, breath training, mental focus, bodily aware-
ness, imagery and visualization, and social support).16,17

This systems perspective is supported by a broader litera-
ture, which demonstrates that for many chronic conditions,
multimodal therapeutic interventions that combine multiple
elements (e.g., manual therapies, exercise, cognitive skills,
education, health coaching) are more effective than unimo-
dal ones.37–45 Appreciating and better characterizing the suite
of therapeutic components implicit in TCQ training protocols
and how they can be synergistically combined to manage
symptoms and alter underlying biologic features of various
chronic health conditions will thus require novel experimental
designs and synthetic cross-systems outcomes. The insight
resulting from these novel approaches will both inform how
TCQ clinically impacts diverse patient and healthy popula-
tions and afford insight into the psychophysiologic mecha-
nisms and processes underlying observed therapeutic effects.
To set the context for interpreting the broad impact of TCQ
across multiple psychophysiologic outcomes and populations,
Box 1 provides a brief summary of three examples of cross-
system psychophysiologic interactions known to impact
health and that are targets of TCQ training.

Box 1a-c. Examples of cross-system interactions that
are likely to be influenced by multimodal mind–body
interventions such as TCQ

a. Cognitive, affective, and sensorimotor interactions
One example of cross-system interactions relates to fundamental
connections between cognition, mood, and movement. There is
robust evidence indicating that how we think and feel impacts
how we move, and conversely, how we move impacts how we
think and feel. Epidemiologic research shows that in older adults,
even subtle deficits in high-level cognitive “executive” functions
(e.g., self-monitoring, planning, task switching) are associated
with reduced walking speed and heightened risk of falling.46,47

The interdependence of cognition and locomotor control, in partic-
ular, is directly supported by “dual task” studies demonstrating
that for most individuals, performing an unrelated cognitive task
(e.g., verbalized serial subtractions) while walking disrupts per-
formance in one or both tasks as they compete for shared brain
resources.47 The relationships between the integrity of brain net-
works subserving cognition and walking performance in older
adults support the importance of cognitive–motor interactions for
health.48 Similarly, recent evidence indicates that mobility can be
improved via noninvasive brain stimulation targeting the dorsolat-
eral prefrontal cortex, a primary node of the brain’s frontoparietal
executive control network.49,50 At the same time, it is now under-
stood that affect also impacts motor performance. Anxiety related
to falling (i.e., fear of falling), ironically, is one of the strongest
predictors of falls,51 and both epidemiologic and experimental
studies have linked depression to impaired gait and postural con-
trol.52–54 Finally, there is mounting evidence that movement is
critical to both cognition and affect. Large-scale prospective
studies have linked adult walking speed to dementia risk in
later life,55 and clinical trial evidence indicates that regular
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exercise supports positive affect56 and protects against age-
related cognitive decline.57

As the hyphen in mind–body intervention implies, these interven-
tions explicitly aim to enhance awareness of, and practically facil-
itate connections between, what are broadly described as
cognitive, affective, and motor processes. The focus of TCQ on
these deeply wired mind–body links underscores the value of
evaluating TCQ’s effectiveness on function using multimodal
assessments (e.g., dual-task walking) and likely underlies the
reported benefit on complex outcomes such as mobility, fall risk,
fear of falling, and cognitive function.58–60

b. Connective tissue
As the term connective tissue implies, it involves links or connec-
tions across multiple systems that are integral to health, including
the musculoskeletal, nervous, and immune systems.61,62 At the
macro level, the rich networks of connective tissues ranging from
bone, ligaments, tendons, fascia, and interstitium collectively repre-
sent a scaffolding, which supports biomechanical and physiological
integration and adaptability. At the relatively local scale or level, ex
vivo and in vivo studies support that connective tissue is highly sen-
sitive to mechanical forces that could be influenced by the loads and
shear forces encountered by TCQ.63 Ex vivo studies have shown
that stretching impacts fibroblasts, which triggers a cascade of
molecular changes that include gene regulation and metabolic
dynamics linked to inflammatory processes.64 In vivo animal studies
also suggest that stretching of connective tissues is associated with
dynamic changes in immune markers and wound healing,65,66 and
may have potential to impact the growth of connective tissue-rich
cancer tumors.67 Observational studies in humans suggest that
chronic low back pain (cLBP) may be associated with dysfunctional
shear strain dynamics in the thoracolumbar fascia,68 which in turn
may be associated with gait abnormalities.69 Other studies with
cLBP suggest that tissue-level abnormalities may be comorbid with
dysfunctional higher level behaviors, including kinesiophobia, cata-
strophizing, and rumination.70–72 Of note, Tai Chi classics and East
Asian medical texts emphasize that health requires body-wide con-
nectivity, and some research has implicated connective tissues and
the interstitium as one of the substates of meridians and acu-
points.73–75 Moreover, phrases from the Tai Chi classics such
as––“flow like water” and “every joint in your body must be strung
together. . ..(which) allows Qi to pass smoothly through your body
and benefits both form and application”––point to principles of
within and cross-system integration supported by emerging connec-
tive tissue and interstitium research. Not surprisingly, TCQ research
has shown that training impacts all systems associated with connec-
tive tissue, including inflammatory processes,76–78 musculoskeletal
pain,79 and kinesiophobia80 and rumination,71 positively impacting
range of motion, mobility, and overall function.81,82

c. Cardiovascular stress, inflammation, and heart–brain
connections
A third example of cross-system physiology is the link between
cardiovascular stress and the brain. While links between psycho-
social stress or depression and cardiovascular disease (CVD) have
long been recognized, mechanisms linking the brain to the cardiac
function have only recently been delineated. Murine studies have
shown that heart–brain connections involve more than the activa-
tion of the hypothalamic–pituitary–adrenal axis. Such studies

demonstrate that stress, through brain stem–derived sympathetic
neurons, triggers the mobilization and release of immune cells
that potentiate arterial inflammation and drive atherosclerosis.83 In
addition, animal studies identify neural loops that involve the
amygdala and, via sympathetic nerves, terminate on blood vessel
walls.84 When stimulated, these circuits upregulate inflammation
around the arteries, further driving atherosclerosis.
Human studies have likewise shown the impact of stress on CVD
risk. The INTERHEART Study of nearly 25,000 individuals
around the world has found that psychosocial stress carries an
attributable CVD risk that is on par with that of traditional CVD
risk factors such as smoking.85 More recently, brain imaging stud-
ies have shown that heightened amygdalar metabolic activity (rel-
ative to activity in regulatory regions in the cerebrum) is
associated with an elevated future risk of CVD, largely by serially
upregulating immune activity and arterial inflammation, as pre-
dicted in animal models.86 This neural-immune-arterial mecha-
nism has been repeatedly shown to represent an important
mechanism by which chronic stressors increase the risk of
CVD.87 Notably, individuals with lower stress-associated neural
activity, despite exposure to chronic stress (i.e., those who are
neurobiologically resilient), have a lower risk of CVD.88 Thus
potential methods to improve neurobiologic resilience, such as
TCQ, are important. Indeed, TCQ have been shown to improve
inflammatory markers implicated in cardiovascular, cognitive, and
affective disorders, although explicit causal links between these
processes have not been quantified.89

In addition, interrelationships between the heart and brain are illus-
trated by measures such as heart rate variability (HRV) and com-
plexity, which provide important information about the autonomic
nervous system and its impact on cardiorespiratory function,
among other systems, while also serving as indices of whole sys-
tem health.19,90,91 Multiple studies have examined HRV to evalu-
ate the physiological effect of Tai Chi.92,93 While some evidence
supports that compared with wait-list controls, Tai Chi positively
impacts frequency (e.g., low frequency and very low frequency
power) and time domain (e.g., standard deviation of the heartbeat
intervals) measures of HRV associated with improved autonomic
tone, comparisons with active interventions do not support Tai
Chi-related benefits.92 More generally, limitations in study design
and HRV analytic methods limit conclusions that can currently be
drawn regarding the impacts of TCQ on HRV.93

Summary of research evidence

Bibliometrics, meta-analyses, and scoping reviews

A bibliometric analysis of clinical studies of Tai Chi pub-
lished between 1958 and 2013 identified 507 peer-reviewed
studies,94 and a 2010 to 2020 update identified an additional
987 studies.95,96 Most recently, a critical overview identified
and synthesized the findings of 210 systematic reviews of
controlled clinical trials of Tai Chi.97 With important caveats
regarding research methodological quality and heterogene-
ity, the findings support that Tai Chi has multisystem effects,
including physical, psychological, and quality of life (QOL)
benefits, for a wide range of conditions. Clinically important
benefits have been consistently reported for Parkinson’s
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disease, falls risk, musculoskeletal disorders (e.g., knee
osteoarthritis, low back, and neck pain), and cerebrovascular
and cardiopulmonary diseases, including stroke, hyperten-
sion, and chronic obstructive pulmonary disease (COPD),
with less robust but promising evidence for mood, cognition,
sleep, and cancer symptoms. A growing body of basic and
physiological research, including brain imaging and neuro-
physiology, musculoskeletal biomechanics, cognitive–motor
interactions, autonomic regulation, and immune function,
add additional evidence and provide insight into plausible
mechanisms underlying observed clinical effects.77,92,98–106

At the other end of the translational spectrum, Tai Chi for
fall prevention research has been shown to be effectively
implementable in community-based programs and is cost-
effective.107–111 Additional bibliometric studies, including
both TCQ as part of “Traditional Chinese Exercises,” have
summarized publication trends for specific health condi-
tions.112–115 Of note, most literature has supported the overall
safety of these practices in multiple chronic disease popula-
tions. However, musculoskeletal pain and injury are possible
with TCQ, as with any physical exercise, and there have been
reports of psychological adverse effects with Qigong, similar
to meditation. Nonetheless, a recent systematic review of Tai
Chi trials across a broad range of conditions found Tai Chi to
be safe and not resulting in more adverse events than either
active or inactive control conditions.116,117

Not surprisingly, the broad promise of TCQ has attracted
the attention of, and led to research funding from, multiple
NIH institutes, including the NCCIH, National Institute on
Aging, National Cancer Institute, National Institute of Mental
Health, National Institute of Nursing Research, National Insti-
tute of Arthritis and Musculoskeletal and Skin Diseases, and
National Institute of Neurological Disorders and Stroke. This
rapid growth in research evidence and implementation in com-
munity and clinical practice, along with the increasing popu-
larity and relative safety in the use of TCQ and related MBM
practices to support whole person health and health care initia-
tives, underlies the motivation for the 2023 conference.

Clinical domains of evidence

Falls and balance. Falls in older adults are the leading
cause of injury and injury deaths in adults aged 65 or
older118,119 and impose a significant economic burden on the
health care system.120 There is now an array of proven
exercise-based fall prevention interventions that can be
applied by public health and clinical practice communities to
reduce the risk and incidence of falls.121,122 Tai Chi has been
shown to be especially effective in improving strength and
functional balance,6 thus reducing fear of falling and falls in
populations of older adults.60,123

Early randomized controlled trials (RCTs) showed that Tai
Chi can effectively reduce falls124 and the risk of falls125 among
community-dwelling older adults. Subsequent RCTs demon-
strated that Tai Chi helps reduce the incidence of falls and inju-
rious falls among older adults at high risk of falling.126,127

Studies of economic evaluation indicated that Tai Chi interven-
tions can provide a net return on investment of 509%128 and
are cost-effective (i.e., lower cost and clinically more effica-
cious) compared with multimodal and stretching exercises

with regard to cost per additional fall prevented.111 From a
practical perspective, Tai Chi interventions have been broadly
implemented in diverse populations involving different race/
ethnicities and various community settings for primary preven-
tion of falls among community-dwelling older adults.108,129–132

Currently, the literature specifically on Qigong for falls and
balance is limited, but preliminary findings show some prom-
ise.133–135 With regard to mechanism, many studies have
investigated biomechanical, physical, perceptual, and psycho-
logical outcomes that may be applied to understand TCQ’s
effect on falls and balance. As described in Box 1 above, cog-
nitive, affective, and sensorimotor interactions are highly rele-
vant.58–60 Studies have also reported on positive changes with
Tai Chi on gait stability, neuromuscular control/coordination,
proprioception, lower extremity strength, as well as impact on
cognitive–emotional factors, directly addressing fear of falling
and enhancing self-efficacy.60,136–143

Despite promising progress made in transforming tradi-
tional TCQ training into fall prevention interventions, there
remain major clinical gaps in fall prevention research and
intervention delivery.144 One of these gaps is a critical lack of
effective fall prevention interventions that can be delivered
remotely to reach millions of high-risk older adults at home,
where the majority of falls occur.145 In response, two nation-
wide remote digital RCTs (NCT05822466, NCT05725668)
are being conducted that are aimed at clinically evaluating
the effectiveness of a completely remote delivery approach
(including subject recruitment, clinical data collection, inter-
vention, and data and safety monitoring) for reducing the
incidence of falls in older adults with and without cognitive
impairment who are at risk of falling. This approach has the
potential to greatly expand the reach and impact of evidence-
based, in-person TCQ interventions from locally situated
community facility settings to home-based settings, where
access is not weather limited, transportation dependent, or
geographically bound.

Cognition. Emerging research underscores the signifi-
cance of TCQ in enhancing cognitive function, with particular
emphasis on the preventative potential against mild cognitive
impairment (MCI) and dementia. Systematic reviews and
meta-analyses provide robust evidence supporting the positive
impact of TCQ on various cognitive domains, including
improvements in executive function and global cognitive
function among both cognitively healthy adults and those
with cognitive impairments.146,147 One recent RCT reported
enhanced processing speed, sustained attention, increases in
hippocampal volume, and reductions in inflammatory markers
such as interleukin-6 (IL-6), which were correlated with cog-
nitive performance in older adults after a 12-week Qigong
intervention.101

Neurobiologic changes such as increased cortical thick-
ness148,149 and brain-derived neurotrophic factor levels150

have been observed in practitioners, suggesting enhanced
neuroplasticity and brain health. One study in older adults151

reported that Tai Chi practitioners demonstrated faster eye–
hand coordination movement times in complex tasks com-
pared with a Tai Chi-naïve group. Neuroimaging studies have
observed increased activity in the prefrontal lobe of older
adults practicing Tai Chi compared with those performing
arm ergometry using noninvasive functional infrared
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spectroscopy.152 In addition, Tai Chi may improve sensory
integration and balance control, essential for cognitive func-
tion, by enhancing input from vestibular, visual, and somato-
sensory systems.153 A recent systematic review provides
similar neuroimaging data to describe Qigong’s effect in
healthy and cognitively impaired populations.154

Despite these promising outcomes, the optimal dosage of
TCQ for cognitive benefits remains unclear.146,155–158 Further-
more, the durability of cognitive improvements postinterven-
tion is a critical area of focus, with some studies159 indicating
a return to baseline levels after a period of inactivity, high-
lighting the importance of ongoing practice. Research into
MCI and dementia utilizing TCQ is growing with ongoing
clinical trials targeting, for example, subjective cognitive
impairment and the prevention of MCI conversion to demen-
tia.160–163 Multiple new studies addressing the impact of TCQ
on cognitive function are underway and listed in Clinical-
Trials.gov (e.g., NCT05540613, NCT05573490).

Mental health. Findings from RCTs suggest that Tai Chi
can be effective in reducing depressive symptoms, stress, anxi-
ety, and mood disturbances across a wide range of clinical
populations seen in primary or specialty care settings, with
less evidence supporting the use of Tai Chi as promising inter-
vention for neuropsychiatric symptoms, such as in patients
with substance abuse, history of trauma, and attention-deficit
and hyperactivity disorder (ADHD).164–176 The majority of
evidence to date focuses on the benefits of Tai Chi in reducing
symptoms of depression, anxiety, and stress in individuals
without a psychiatric diagnosis (e.g., Major Depressive Disor-
der [MDD] or Generalized Anxiety Disorder [GAD]). A recent
review and meta-analysis of 23 studies comparing Tai Chi to
nonmindful exercise that involved 4370 participants (mixed
population: anxiety, depression, general mental health) showed
significant small-to-moderate effects of Tai Chi versus non-
mindful exercise on measures of anxiety and depression and
on general mental health, which was moderated by baseline
general mental health T-score and study quality.176 Modest
evidence supports benefits of TCQ for MDD with evidence
that Tai Chi augments the benefit of escitalopram treat-
ment,177–179 whereas the literature of TCQ for GAD is rather
limited. Overall, the literature specifically examining Qigong
for reducing mood disturbances is less available; however,
there is no evidence that Tai Chi or Qigong would differ sub-
stantially in addressing mental health.174,180–182

Several potential mechanisms of Tai Chi on mental health
have begun to be explored. A handful of studies have shown
correlations between clinical and neuroimaging findings for
depressive disorders98,183 and emotional health.184 Some
research has suggested that the combination of slow move-
ments in TCQ with slowing of breath frequency can attenuate
stress related to hypothalamus-pituitary-adrenal axis reactiv-
ity and modulate the balance of the autonomic nervous sys-
tem toward parasympathetic dominance, which counters
stress pathways implicated in mood disorders.89,92,185,186

Other research suggests that sensory and cognitive components
of TCQ, such as the cultivation of interoceptive awareness and
nonreactivity to aversive thoughts and impulses, can lead to
reduced negative ruminations and emotional responses.183,187

Direct neuroplastic effects on emotion regulation have been
proposed through changes in the brain’s prefrontal regions,

the limbic system, and the striatum, in neural connectiv-
ity,98,188 and in the expression of genes linked to inflammatory
responses77,103,150,189 and stress-related pathways.183,184,190

Reducing the chronic stress response can impact the risk
and severity of stress-mediated disorders such as anxiety
and depression. New directions in TCQ research for mental
health involve applications to multiple neuropsychiatric
disorders, including anxiety disorders,191 and to improve
overall brain health and symptoms in autism spectrum
disorder, post-traumatic stress disorder,169,170,192,193 and
ADHD.171–173

Sleep. There is a growing body of literature that exam-
ines TCQ for the improvement of sleep symptoms and sleep
quality, as well as treatment for insomnia. These studies
have reported on TCQ’s impact on varied sleep outcomes
(including subjective and objective traditional sleep meas-
ures of sleep quality and efficiency, as well as more novel
indices of sleep stability from high-frequency cardiopulmo-
nary coupling analysis). Studies have included both healthy
and clinical populations.

For example, in one study, older adults (59–86 years) with
at least moderate sleep complaints were randomized to group
Tai Chi Chih or health education. Compared with controls,
the Tai Chi group showed significant improvements in PSQI
global score, as well as in sleep quality, habitual sleep effi-
ciency, sleep duration, and sleep disturbance.194 In another
3-arm RCT, including older adults with chronic and primary
insomnia,195 participants were randomly assigned to 4 months
of group cognitive behavioral therapy (CBT), Tai Chi Chih,
or sleep seminar education control. While CBT performed
better than Tai Chi and education in remission of clinical
insomnia, Tai Chi was associated with significant improve-
ments in sleep quality, fatigue, and depressive symptoms
compared with education.195 Most recently, in a larger trial of
older adults with chronic insomnia randomized to 12 weeks
of group Tai Chi, conventional exercise, or no-intervention
control,196 both Tai Chi and conventional exercise improved
sleep efficiency, reduced wake time after sleep onset, and the
number of awakenings as assessed by actigraphy. Effects
were sustained for 24 months.196 Secondary analyses in these
and other studies indicate that biologic processes related to
inflammation may contribute to Tai Chi’s positive effects on
sleep.78,103,195 A recent systematic review and meta-analysis
of Qigong in the English and Chinese language literature
reported improvements in subjective sleep quality among a
mixed healthy and chronic disease population.197

Overall, in insomnia populations, studies have shown that
Tai Chi may be effective with moderate-to-large effect sizes
for sleep improvement.198–201 One recent trial reported Tai
Chi Chih to be noninferior to CBT for insomnia (CBT-I, the
gold standard for insomnia treatment) for breast cancer sur-
vivors with chronic insomnia.78,202 Both Tai Chi and CBT-I
showed robust improvements in sleep quality, sleep diary
measures, and related symptoms, with durable and noninfe-
rior effects over one year follow-up (also see Hong Kong
based study in progress203).

Other clinical populations for which TCQ has demonstrated
promise for sleep include patients with fibromyalgia,204,205

MDD,206 cognitive impairment,207 chronic heart failure
(HF),208 cancers other than breast (lung, prostate),201,209
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obstructive sleep apnea,210 Parkinson’s disease,211,212 and
chronic fatigue.213

Cardiorespiratory health. There is a robust and growing
literature of TCQ for chronic cardiorespiratory conditions,
including coronary disease, cardiovascular risk factors, as
well as chronic HF, and COPD. Perhaps the most studied
area within Tai Chi for CVD is the domain of blood pressure
and hypertension. Most of the literature is from China. To
date, there have been at least 12 systematic reviews and/or
meta-analyses of RCTs investigating the impact of Tai Chi
on essential hypertension.214,215 The methodological quality
of studies has been improving. One recent meta-analysis215

reported reductions in systolic blood pressure of 14.7 mmHg
with Tai Chi (compared with health education or no treat-
ment), 7.9 mmHg (compared with active exercise such as
walking or aerobics), and 9.0 mmHg (compared with antihy-
pertensive medication, particularly in those younger than
50 years).215 In one recent study, Tai Chi was also found to
be more effective than aerobic exercise for reducing blood
pressure in prehypertension, supporting its role in CVD
prevention.216

For other common cardiovascular risk outcomes, there is
supportive evidence for Tai Chi’s effect on waist circumfer-
ence/body weight, lipid profiles, and glycemic indices, but the
impact differs by population studied.217 Differential outcomes
when studying those with obesity versus those with elevated
blood glucose or type 2 diabetes versus those with hyperten-
sion suggest that the field need a more nuanced look at Tai
Chi’s effect on individual cardiovascular populations. For
example, 12 weeks of Tai Chi has been shown to reduce waist
circumference and body weight and to increase high-density
lipoprotein in patients with central obesity compared with no
exercise control—similar to aerobic exercise plus strength
training—with benefits maintained over 38 weeks.218 Another
frequently studied outcome in cardiopulmonary patients is
exercise capacity/endurance. In a recent systematic review/
meta-analysis of patients with established coronary heart dis-
ease from 13 studies, Tai Chi was shown to improve aerobic
endurance measured by maximal oxygen uptake and 6-min
walk test.219

There has been a fast-growing literature examining TCQ
for both HF and COPD.97,168,220,221 Recent meta-analyses in
patients with HF have concluded that TCQ versus both
active and nonactive controls can improve exercise capacity,
depression, QOL, and B-type natriuretic peptide. For COPD,
a recent equivalence study reported similar improvements in
QOL, dyspnea, quadriceps strength, and exercise capacity
compared with an active exercise control, but no changes in
either group with respect to actual lung function.222 One
explanatory model for some of Tai Chi’s effects in these car-
diopulmonary populations focuses on body awareness,
decreased stress reactivity, and self-regulation through the
impact on the anxiety–breathlessness cycle. In this cycle,
shortness of breath triggers and feeds an emotional anxiety
response, which prevents engagement in physical activity,
leading to further deconditioning, worsening disease, and
shortness of breath.223,224 Together with improved physical
function and endurance from the physical aspects, Tai Chi
may facilitate the uptake of physical activity.223–226 There may
be a role for TCQ as an alternative or adjunct to conventional

exercise or rehabilitation in sedentary cardiopulmonary popu-
lations, but high-quality studies are needed.227–229

Interesting research in chronic cardiopulmonary disease
has begun to probe mechanistic biomarkers at the molecular
level, including studies of genetic and epigenetic changes in
response to Tai Chi.230 In addition, virtual delivery of TCQ
to improve access in less mobile, multimorbid chronic dis-
ease populations is burgeoning.231

Musculoskeletal pain. Chronic musculoskeletal pain,
including osteoarthritis, rheumatoid arthritis, fibromyalgia,
and other musculoskeletal disorders and pain syndromes,
consists of a complex interplay between biological and psy-
chological aspects. In the past two decades, clinical trials
and observational studies have provided encouraging evi-
dence that the use of integrated mind–body therapies, includ-
ing TCQ, has multiple clinical benefits for patients with
chronic musculoskeletal pain conditions, including back and
neck pain.79,97,232–236 A small number of studies support
Qigong for chronic nonspecific neck pain.237–239

For osteoarthritis, numerous RCTs, systematic reviews,
and meta-analyses have examined the clinical efficacy of Tai
Chi in patients with knee osteoarthritis. The most updated lit-
erature has consistently recognized that Tai Chi, delivered
two to four times weekly for 8 to 52 weeks, reduces pain and
improves function, with the potential to slow disease pro-
gression and disability for older adults with symptomatic
knee osteoarthritis and comorbid conditions.240–250 The
physical component provides exercise consistent with cur-
rent recommendations for arthritis (muscle strength, balance,
and aerobic cardiovascular exercise), and the mental compo-
nent could address the chronic pain state through effects on
psychological well-being, life satisfaction, and perceptions
of health for symptomatic osteoarthritis.

Despite favorable results in several small trials for rheu-
matoid arthritis, recent Cochrane and other reviews evaluat-
ing two decades worth of published literature were unable to
draw firm conclusions on the role of Tai Chi for treating
rheumatoid arthritis. These conclusions are consistent with
the findings of recent systematic reviews and a meta-analysis
of 9 randomized trials and nonrandomized studies.251–255

Discrepancies among these studies may be related to the
complexities and severity of the disease, the lack of standar-
dized treatment protocols for types of Tai Chi, dose and
treatment duration, and choice of comparison.

Multiple systematic reviews have summarized the impact
of TCQ on chronic back and neck pain.79,233,239,256–258 The
evidence on Tai Chi for back pain is based on smaller, lower
quality studies primarily conducted in China, which report
moderate-to-large effect sizes when it is compared alongside
or in combination with other therapies to usual care.236 Two
moderate-sized wait-list controlled RCTs (one in Australia
and one in the United States) also support Tai Chi’s ability to
reduce pain and disability, compared with usual care.259–261

Parallel evidence of TCQ exists for neck pain, again, with
nearly all studies based in China.239 One larger RCT con-
ducted in Germany supports that Tai Chi is noninferior to the
gold standard neck pain-specific physical therapy, but supe-
rior to usual care.262

For fibromyalgia, the results from a series of studies consis-
tently demonstrated that Tai Chi may be a useful treatment for
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this challenging disorder, accompanied by psychosocial stress,
anxiety, and depression, with limited treatment options.24–30

These studies suggest that Tai Chi may improve patients’
emotional health and well-being. Longer duration of Tai Chi
demonstrated greater beneficial effects for fibromyalgia symp-
tom management.25 In summary, the encouraging findings
have changed existing clinical guidelines for the management
of musculoskeletal pain. Tai Chi is now strongly recom-
mended as first-line therapy for arthritis-related chronic mus-
culoskeletal pain.31

Explanatory mechanisms from Eastern and Western bio-
logical theories have provided a plausible rationale for the
effectiveness of TCQ in treating musculoskeletal disorders
related to chronic pain.32–35 However, the pathophysiologic
basis of TCQ for chronic pain is complex and multifaceted,
and musculoskeletal disorders and pain syndromes are hetero-
geneous. Further work is needed to understand the underlying
mechanisms by which TCQ can slow disease progression and
disability associated with chronic musculoskeletal pain.

Cancer. Over the past three decades, numerous studies
have highlighted the positive impact of TCQ on alleviating
cancer-related symptoms such as anxiety, depression, fatigue,
insomnia, hot flashes, joint pain, and chemotherapy-induced
cognitive impairment.201,263–270 Recent studies also indicate
that TCQ positively influences immune function and related
inflammatory biomarkers, potentially enhancing immunother-
apy.265,271,272 To date, more than 35 systematic reviews and
meta-analyses of RCTs have explored TCQ’s impact on the
QOL for cancer survivors.

A systematic review involving 22 RCTs with 1410 partici-
pants reported significant improvements in physical health
and mental health among cancer survivors practicing Tai
Chi.273 Subanalyses from this review of five studies with
465 breast cancer survivors showed enhanced limb and mus-
cular function, whereas analyses of three RCTs, including
two on breast cancer and one on lung cancer, revealed signif-
icant improvements in both fatigue and sleep quality.273 Fur-
ther subanalyses of studies examining IL-6 and cortisol
levels suggest potential reductions in IL-6 in breast cancer
patients and cortisol in female cancer survivors. However,
the strength of the evidence remains moderate, primarily due
to small sample sizes.273 Similarly, the latest systematic
review of 26 studies with various cancer groups consistently
supported Tai Chi’s improvement of fatigue and sleep qual-
ity, recommending a prescription of 30–60 min thrice a
week for cancer survivors.274 Moreover, a recent meta-
analysis of 17 trials with 1236 subjects evaluated Qigong’s
effectiveness on overall QOL in women with breast cancer,
showing significant effects on QOL, depression, and anxi-
ety.275 The latest umbrella review of 19 review articles con-
firmed Qigong’s impact on overall QOL, cancer-related
fatigue, and cognitive function and established its safety for
frail patients.276 While the abovementioned reviews reported
outcomes of either Tai Chi or Qigong interventions, a
meta-analysis of 15 RCTs with 1283 participants across
various cancer groups combining TCQ revealed significant
benefits on fatigue, sleep difficulty, depression, and overall
QOL with small–medium effect sizes.25 A recent study
involving 17 studies of TCQ corroborated these findings,

demonstrating consistent effects on anxiety and depression
among adult cancer survivors.277

Despite these promising results, the biological mechanisms
underlying TCQ’s health benefits remain speculative, with
several hypotheses focusing on immune response and inflam-
mation.271,278,279 Furthermore, there are noticeable gaps in
the evidence; few studies have addressed TCQ’s role through-
out the cancer care continuum, particularly during pretreat-
ment and end-of-life phases. In addition, trials assessing
cancer-specific outcomes such as lymphedema, cardiotoxic-
ity, chemotherapy-induced neuropathy, nausea, sexual func-
tion, or treatment tolerance are scarce. There is a need for
more rigorous study designs and larger, diverse sample sizes
to investigate these new areas and explore the mechanisms
driving benefits.

Physiological/mechanistic domains

Neurophysiology and brain imaging. In recent decades,
advanced brain imaging tools such as MRI, fMRI, PET,
EEG, and MEG have been widely applied to investigate the
underlying neural mechanisms of mind–body interventions.
More recently, neuroimaging studies of TCQ have provided
significant insights into central mechanisms, as well as
potential neuromodulation targets associated with TCQ,
highlighting involvement of multiple interconnected brain
networks.184,280–283

Cross-sectional studies that compared long-term TCQ
practitioners/experts with controls were the first to suggest
salient brain structures and functions implicated in the prac-
tice. For example, in an early study,149 Tai Chi expert practi-
tioners, compared with age, sex, and education matched
controls, showed significantly thicker cortex in right precen-
tral gyrus, insula sulcus, and middle frontal sulcus in the
right hemisphere and left superior temporal gyrus and medial
occipitotemporal sulcus and lingual sulcus in the left hemi-
sphere. Thicker cortex in left medial occipitotemporal sulcus
and lingual sulcus was associated with greater intensity of
Tai Chi practice. In a later study,284 Tai Chi experts were
found to have better functional connectivity in the right post-
central gyrus (PosCG) and less in the left anterior cingulate
cortex (ACC) and the right dorsolateral prefrontal cortex.
Better connectivity in the PosCG was linked to Tai Chi expe-
rience. Improved functional specialization in the left ACC
and better functional integration in the right PosCG both pre-
dicted better performance on attention tests.

Subsequent prospective studies have investigated the effects
of TCQ using longitudinal designs. For example, one study in
healthy older adults that utilized data from two randomized
cohorts found a significant increase in gray matter volume in
the insula, medial temporal lobe, and putamen with 12 weeks
of TCQ compared with health education control.285 In addi-
tional studies, investigators reported that 12 weeks of TCQ
could modulate the resting-state functional connectivity of
cognitive control networks,286 default mode network,287 and
hippocampus (a critical brain structure noted for memory for-
mation)288 and improve the fractional amplitude of low-
frequency fluctuations.289 Another recent study in healthy
older adults utilizing whole brain network analysis compared
participants randomized to Tai Chi (vs. an aerobic brisk walk-
ing group vs. a no-exercise control) and reported that Tai Chi
alters brain functional network plasticity (specialization and
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efficiency), and changes were predictive of greater cognitive
flexibility.99

More recently, investigators have begun to probe the
application of TCQ as a neuromodulation strategy in specific
patient populations. For instance, in pain patients with knee
osteoarthritis, changes were seen in the resting-state func-
tional connectivity of periaqueductal gray (a key region of
the descending opiodergic pain modulation system), ventral
tegmental area (a pivotal brain structure of the dopaminergic
reward network),290 and bilateral amygdala (a key hub for
emotion regulation).291 The functional connectivity change
was associated with clinical improvement in pain. In addi-
tion, investigators reported that Tai Chi can decrease resting-
state functional connectivity of the dorsal lateral prefrontal
cortex (DLPFC)-supplementary motor area (SMA) and
increase resting-state functional connectivity between the
DLPFC and ACC compared with the control group. Baseline
DLPFC-SMA resting-state functional connectivity can sig-
nificantly predict pain improvement in knee osteoarthritis.243

A distinctive feature of TCQ is its comprehensive integra-
tion of physical, psychological, emotional, spiritual, and
behavioral components, which enables simultaneous modula-
tion of multiple brain circuits and networks.184,280–282 For
example, as a mindful exercise, TCQ has the potential to
directly affect the motor-sensory network.292 During practice,
participants’ attention is directed toward posture, body move-
ment, and internal bodily changes, thereby activating the
executive control network (i.e., the prefrontal cortex, parietal
cortex, and ACC),184,286 the default mode network,287 and
the interoception network. Moreover, interactions between
the brain and body modulate peripheral nervous system activ-
ity such as in the autonomic nervous system with the vagus
nerve, as well as other physiological systems like the immune
system,293,294 which may be implicated in the profound phys-
iological changes and widespread whole person effects
observed with TCQ practice.

Future research may further evaluate brain functional and
structural changes with clinical improvements and identify
specific neural circuits associated with particular benefits.
Mapping neuroimaging findings to clinical outcomes may
provide insight into enhancing TCQ’s effects, for example,
through personalization or targeting specific individuals/dis-
orders (or subtypes of particular disorders) most likely to
respond. In addition, synergizing therapies like the use of
noninvasive neuromodulation techniques, such as transcra-
nial electrical stimulation, to target critical regions associated
with TCQ practice may be a new frontier.295–297

Immune function and biomarkers of inflammation. While
NCDs outpace infectious diseases in most developed countries,
infection still poses a global public health challenge.298,299

Efforts to prevent infection have focused on primary preven-
tion strategies and vaccination.299 Yet, there is substantial indi-
vidual heterogeneity in response to a vaccination, due to
recipient characteristics, as well as modifiable factors.300

Among the most studied modifiable factors are sedentary phys-
ical activity,301,302 psychological stress,303 and poor quality of
sleep,304 all of which adversely impact the immune system and
contribute to an attenuated immunologic response to a vaccine
and a blunted protective response.305

Recent research has examined whether Tai Chi can improve
immune responses and boost infectious disease resistance,
either directly or indirectly via targeting psychological stress
or insomnia. A recent meta-analysis of 17 RCTs with 1686
participants evaluated the effects of Tai Chi on a number of
different immune cells and found an overall small effect for
Tai Chi or Qigong to increase overall immune cell numbers,
with increases in innate immune cells (i.e., dendritic cells,
natural killer cells, monocytes), as well as adaptive immune
cells (i.e., T helper cells, memory specific T cell).271 One
study found that administration of Tai Chi boosted the
response of memory T cells to varicella zoster virus (VZV) in
older adults who are known to have an age-related attenuation
of memory T cell function that is associated with increased
risk and severity of herpes zoster.306 Furthermore, when Tai
Chi was coupled with administration of a VZV vaccine, the
memory response was greater than that induced by vaccine
alone, achieving a level of response similar to those 30 years
younger.306 These effects of Tai Chi on adaptive immunity
may generalize to memory T cells specific for antigens of
other pathogens that cause severe disease in older adults,
such as influenza viruses and Streptococcus pneumoniae.

In addition to the adaptive immune response, Tai Chi
has robust effects on inflammatory outcomes, which are
elevated in association with aging, stress, depression, and
insomnia.307–309 The first comprehensive meta-analysis of
controlled trial evidence, including 39 different trials and
2219 participants, found that various mind–body therapies
(i.e., Tai Chi, meditation, yoga) were associated with signifi-
cant reductions in the circulating level of the inflammatory
marker, C-reactive protein.189 In a more recent meta-analysis
focused solely on Tai Chi, no effect on a diverse number of
inflammatory markers was found,271 although a subgroup
analysis found that Tai Chi reduced the transcriptional factor,
nuclear factor (NF)-jB;271 activation of NF-jB initiates the
inflammatory cascade with increases in inflammatory tran-
scripts, monocyte cellular production of inflammatory cyto-
kines, and the downstream of inflammatory cytokines into the
circulation.310 Indeed, in RCTs that have provided a compre-
hensive evaluation of inflammation, including systemic, cellu-
lar, and transcriptional outcomes, Tai Chi is found to reverse
insomnia-related activation of cellular- and transcriptional
inflammatory outcomes in older adults,103,195 as well as in
breast cancer survivors.78,311 Furthermore, while both Tai
Chi and CBT-I can effectively treat insomnia,202 Tai Chi
preferentially reduces systemic- and cellular inflammation
in breast cancer survivors with insomnia, and these benefits
are maintained over one-year follow-up.311 Given that Tai
Chi acutely decreases sympathetic outflow,312 it is thought
that repeated practice of Tai Chi cumulatively downregu-
lates sympathetic outflow, which in turn induces decreases
in inflammatory outcome, especially upstream sources of
inflammation which are more sensitive to changes in sympa-
thetic output and binding to the b-adrenergic receptor in
immune cells.294 Alternatively, given that Tai Chi can
improve insomnia, and insomnia drives decreases in antivi-
ral immunity and increases in inflammation, the benefits of
Tai Chi may be indirect or related to improvement in
sleep.308 The literature specifically on Qigong and immune
function is more limited.101,271,313
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The science of TCQ through the lens of traditional East
Asian health constructs. A comprehensive review of TCQ
research would be incomplete without addressing the con-
cept of “qi” and other subtle phenomena central to TCQ
principles, practice, and mastery. Despite the fundamental
role these concepts play in traditional understanding and
training, scientific investigation in this area remains lim-
ited.314 Several factors contribute to this research gap,
including the operational challenges in defining and meas-
uring qi,315 the ability of existing biomedical frameworks to
explain many therapeutic outcomes of TCQ, the limited
funding available, and the academic career implications of
studying scientifically marginal and/or esoteric topics, which
are typically labeled as high risk high reward.

Despite these challenges, it is important to note that signifi-
cant progress has been made in establishing biomedical mech-
anisms that elucidate important subtle concepts foundational
to TCQ, without directly measuring qi and related concepts––
often referred to as “subtle energy” or “biofields.”316,317 One
such concept is the relationship between mental intent and
functional response, encapsulated in the Daoist principle
“when the yi (intent) arrives, the qi (life force) arrives.” This
idea finds parallel in the well-researched field of motor
imagery, where mental rehearsal of actions without physical
performance has been shown to significantly improve rehabili-
tation outcomes and athletic performance.318–323 A notable
early study conducted at Harvard used transcranial magnetic
stimulation to investigate the effects of both physical and
mental practice of a five-finger piano exercise.324 The study
found that over five days of practice, the cortical motor areas
targeting the muscles involved in the task enlarged and their
activation threshold decreased. Interestingly, mental practice
alone led to similar changes in cortical motor outputs as physi-
cal practice, although to a lesser extent. These findings suggest
a neurophysiologic basis for the effectiveness of mental prac-
tice, providing scientific support for understanding the role of
intention in TCQ practice.

Another concept, controversial even within the Tai Chi
and martial arts community, that has begun to receive scien-
tific attention is “fajin”––sometimes translated as “intelli-
gent power” developed through the integration of body and
mind.325,326 Some experts emphasize that what looks like
supernatural power (e.g., explosive outcomes following imper-
ceptible movements) can be completely explained by honed
biomechanical skills, whereas others emphasize the exchange
of more subtle psychophysiologic forces. A study from Aus-
tralia involving Kung Fu practitioners, who included Qi-
building practices, provides insights into the biomechanical
basis of this phenomenon. Using sophisticated measurement
techniques, including nasogastric tubes with EMG electrodes
and pressure sensors, the study found that Kung Fu practi-
tioners generated significantly more mass-normalized force
compared with control groups (who were matched for age,
gender, and physical activity).327 These practitioners demon-
strated greater generation of abdominal pressure and earlier
onset of abdominal pressure rise, both suggesting more refined
biomechanical efficiency. While these findings support con-
ventional biomechanical explanations for a significant propor-
tion of observed force generation, they do not necessarily
exclude the possibility of additional psycho-biophysical forces
that transcend current scientific understanding.

Recent novel physiological discoveries are opening new
avenues for understanding traditional TCQ concepts within a
scientific framework. The exploration of biofields, defined as
biologically generated fields that might influence tissues,
represents one such avenue. A comprehensive review in 2014
assessed the quality and outcomes of RCTs involving non-
physical contact biofield therapies such as external Qigong,
Healing Touch, Johrei, Reiki, and Therapeutic Touch.317 This
review included 28 trials with 1775 participants and found that
12 of the 18 higher quality trials reported statistically signifi-
cant therapeutic outcomes. However, the pilot nature and small
sample sizes of these studies preclude robust conclusions, sug-
gesting the need for further research. More recent studies with
provocative findings also support the value of further research
on the therapeutic effects of biofields.328

Research into the pathways through which information,
including bioelectrical energy, occurs across the body has
revealed intriguing correlations with traditional concepts in
Chinese medicine. Studies have shown that acupuncture meri-
dians correspond with intermuscular fascial-tissue planes,73

exhibit higher electrical conductivity,329,330 and may function
as special hydraulic conduit pathways, as demonstrated by
experiments using fluorescent dyes injected at acupuncture
points.331 One exploratory study reported that heterogeneity in
the strength of bioelectric signals at the 24 terminal acupoints
on fingertips and toes (Jing-well Points) was correlated with
severity of symptoms in endometriosis, and abatement of
symptom severity following acupuncture treatment was asso-
ciated with greater homogeneity in electrical signals across
points.332 These discoveries suggest a potential physical basis
for the energy pathways long described in traditional TCQ
practices, bridging the gap between ancient wisdom and mod-
ern scientific understanding.

Increasingly, electrical and magnetic fields are seen as
prime candidates for explaining fundamental human phenom-
ena, from morphogenesis in healthy and abnormal develop-
ment to cancer tumor growth, metastasis, and treatment.333–336

Based on the groundbreaking work of Dr. Michael Levin’s
group, bioelectric signals, mediated by ion channels and
pumps, were shown to play a crucial role in controlling cell
behaviors such as proliferation, differentiation, and apoptosis.
These signals are not only intrinsic to individual cells but also
involve intercellular communication through gap junctions,
forming bioelectrical networks that influence tissue and organ
patterning. For instance, bioelectric gradients have been
shown to regulate processes such as limb regeneration, eye
induction, craniofacial patterning, and head-tail polarity.
These gradients act as instructive cues that can trigger specific
morphogenetic outcomes.337,338 In addition, bioelectric sig-
nals are implicated in the establishment of left-right asymme-
try during embryogenesis, a fundamental aspect of vertebrate
development.339 Bioelectric signaling has also been linked to
metastatic transformation and tumorigenesis where changes
in membrane potential can influence gene expression and cel-
lular behavior, contributing to cancer progression.337,340

Given the critical role these bioelectrical dynamics play in
body regulation, it is plausible that they may contribute to the
physiological effects observed in TCQ practice, potentially
offering a scientific framework for understanding these tradi-
tional, subtle energy concepts.
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Conclusion

The past two decades has seen a remarkable growth in
research on TCQ as rehabilitative treatment and prevention
across a wide range of populations and conditions. Notably,
over the last decade, the quality of studies has significantly
improved, with a growing proportion of RCTs and many
systematic reviews and meta-analyses that represent the
expanding volume of the available literature. More studies
are using innovative designs to not only examine clinical
outcome but also probe a deeper understanding of psychoso-
cial and physiological mechanistic processes that might be at
play. The evidence summarized here present TCQ as exem-
plary and promising tools to address whole person health,
highlighting the state of the science in the domains of falls
and balance, cognition, cardiorespiratory health, musculoskel-
etal pain, mental health, and cancer. Although there is a sub-
stantial body evidence, in many areas, the research is far from
conclusive. Given the multicomponent and cross-system
effects of TCQ, it is not surprising that there is support for
TCQ’s broad spectrum impact across physiological systems,
diseases, and patient populations. This makes TCQ a very
good fit for a whole person health framework. However,
despite these successes to date, there are still multiple gaps in
the evidence, and a clearer road map for future priorities in
mind–body movement research and clinical care is now
needed. The Part 2 companion article to follow outlines these
evidence gaps and opportunities to inform the future research
agenda and discusses strategies to address challenges in
research, dissemination and implementation.
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54. Yerlikaya T, Bağkur M, Taş S, et al. The relationship of
depression level and physical activity with postural control
in geriatric individuals. Noro Psikiyatr Ars 2023;60(4):
356–362; doi: 10.29399/npa.28217

55. Verghese J, Wang C, Lipton RB, Holtzer R. Motoric cog-
nitive risk syndrome and the risk of dementia. J Gerontol
A Biol Sci Med Sci 2013;68(4):412–418; doi: 10.1093/
gerona/gls191

56. Anderson E, Shivakumar G. Effects of exercise and physi-
cal activity on anxiety. Front Psychiatry 2013;4:27; doi: 10
.3389/fpsyt.2013.00027

57. Ahlskog JE, Geda YE, Graff-Radford NR, Petersen RC.
Physical exercise as a preventive or disease-modifying
treatment of dementia and brain aging. Mayo Clin Proc
2011;86(9):876–884; doi: 10.4065/mcp.2011.0252

58. Li Y, Liu M, Zhou K, et al. The comparison between
effects of Taichi and conventional exercise on functional
mobility and balance in healthy older adults: A systematic
literature review and meta-analysis. Front Public Health
2023;11:1281144; doi: 10.3389/fpubh.2023.1281144

59. Lin J, Ning S, Lyu S, et al. The effects of different types of
Tai Chi exercises on preventing falls in older adults: A sys-
tematic review and network meta-analysis. Aging Clin
Exp Res 2024;36(1):65; doi: 10.1007/s40520-023-02674-7

60. Zhang W, Sun J, Feng X, et al. Effectiveness of Tai Chi
exercise on fear of falling and balance in older adults: A
meta-analysis. Geriatr Nurs 2023;51:194–201; doi: 10
.1016/j.gerinurse.2023.03.019

61. Stecco C, Adstrum S, Hedley G, et al. Update on fascial
nomenclature. J Bodyw Mov Ther 2018;22(2):354; doi: 10
.1016/j.jbmt.2017.12.015

62. Bordoni B, Myers T. A review of the theoretical fascial
models: Biotensegrity, fascintegrity, and myofascial chains.
Cureus 2020;12(2):e7092; doi: 10.7759/cureus.7092

63. Munoz-Vergara D, Grabowska W, Yeh GY, et al. A system-
atic review of in vivo stretching regimens on inflammation
and its relevance to translational yoga research. PLoS One
2022;17(6):e0269300; doi: 10.1371/journal.pone.0269300

64. Berrueta L, Muskaj I, Olenich S, et al. Stretching impacts
inflammation resolution in connective Tissue. J Cell Phys-
iol 2016;231(7):1621–1627; doi: 10.1002/jcp.25263

65. Berrueta L, Muñoz-Vergara D, Martin D, et al. Effect of
stretching on inflammation in a subcutaneous carrageenan
mouse model analyzed at single cell resolution. J Cell
Physiol 2023;238(12):2778–2793; doi: 10.1002/jcp.31133

66. Vergara DM, Berrueta L, Carmody C, et al. Establishment
of a novel porcine model to study the impact of active
stretching on a local carrageenan-induced inflammation.
Am J Phys Med Rehabil 2020;99(11):1012–1019; doi: 10
.1097/PHM.0000000000001465

67. Berrueta L, Bergholz J, Munoz D, et al. Stretching reduces
tumor growth in a mouse breast cancer model. Sci Rep
2018;8(1):7864; doi: 10.1038/s41598-018-26198-7

68. Langevin HM, Fox JR, Koptiuch C, et al. Reduced thora-
columbar fascia shear strain in human chronic low back
pain. BMC Musculoskelet Disord 2011;12:203; doi: 10
.1186/1471-2474-12-203

69. Smith JA, Stabbert H, Bagwell JJ, et al. Do people with low
back pain walk differently? A systematic review and meta-
analysis. J Sport Health Sci 2022;11(4):450–465; doi: 10
.1016/j.jshs.2022.02.001

70. Langevin HM, Sherman KJ. Pathophysiological model for
chronic low back pain integrating connective tissue and
nervous system mechanisms. Med Hypotheses 2007;68(1):
74–80; doi: 10.1016/j.mehy.2006.06.033

71. Hall AM, Kamper SJ, Emsley R, Maher CG. Does pain-
catastrophising mediate the effect of tai chi on treatment
outcomes for people with low back pain? Complement
Ther Med 2016;25:61–66; doi: 10.1016/j.ctim.2015.12.013

72. Wertli MM, Rasmussen-Barr E, Held U, et al. Fear-avoid-
ance beliefs-a moderator of treatment efficacy in patients
with low back pain: A systematic review. Spine J 2014;
14(11):2658–2678; doi: 10.1016/j.spinee.2014.02.033

73. Langevin HM, Yandow JA. Relationship of acupuncture
points and meridians to connective tissue planes. Anat Rec
2002;269(6):257–265; doi: 10.1002/ar.10185

74. Tomov N, Atanasova D, Dimitrov N. Is the newly described
interstitial network the anatomical basis of acupuncture
meridians? A commentary. Anat Rec (Hoboken) 2020;
303(8):2169–2170; doi: 10.1002/ar.24114

75. Ahn AC, Wu J, Badger GJ, et al. Electrical impedance
along connective tissue planes associated with acupuncture
meridians. BMC Complement Altern Med 2005;5:10; doi:
10.1186/1472-6882-5-10

76. Black DS, Irwin MR, Olmstead R, et al. Tai chi meditation
effects on nuclear factor-kappaB signaling in lonely older
adults: A randomized controlled trial. Psychother Psycho-
som 2014;83(5):315–317; doi: 10.1159/000359956

77. Bower JE, Irwin MR. Mind-body therapies and control of
inflammatory biology: A descriptive review. Brain Behav
Immun 2016;51:1–11; doi: 10.1016/j.bbi.2015.06.012

78. Irwin MR, Olmstead R, Breen EC, et al. Tai chi, cellular
inflammation, and transcriptome dynamics in breast cancer
survivors with insomnia: A randomized controlled trial. J
Natl Cancer Inst Monogr 2014;2014(50):295–301; doi: 10
.1093/jncimonographs/lgu028

79. Hall A, Copsey B, Richmond H, et al. Effectiveness of Tai
Chi for chronic musculoskeletal pain conditions: Updated

TAI CHI AND QIGONG FORWHOLE PERSON HEALTH 511

D
ow

nl
oa

de
d 

by
 H

A
R

V
A

R
D

 U
N

IV
E

R
SI

T
Y

 f
ro

m
 w

w
w

.li
eb

er
tp

ub
.c

om
 a

t 0
6/

08
/2

5.
 F

or
 p

er
so

na
l u

se
 o

nl
y.

 

http://dx.doi.org/10.3389/fnagi.2019.00166
http://dx.doi.org/10.1093/gerona/glx063
http://dx.doi.org/10.1002/ana.26156
http://dx.doi.org/10.1007/s00415-023-12151-w
http://dx.doi.org/10.3389/fmed.2022.1019094
http://dx.doi.org/10.1111/jgs.17024
http://dx.doi.org/10.1080/13548506.2021.1903056
http://dx.doi.org/10.29399/npa.28217
http://dx.doi.org/10.1093/gerona/gls191
http://dx.doi.org/10.1093/gerona/gls191
http://dx.doi.org/10.3389/fpsyt.2013.00027
http://dx.doi.org/10.3389/fpsyt.2013.00027
http://dx.doi.org/10.4065/mcp.2011.0252
http://dx.doi.org/10.3389/fpubh.2023.1281144
http://dx.doi.org/10.1007/s40520-023-02674-7
http://dx.doi.org/10.1016/j.gerinurse.2023.03.019
http://dx.doi.org/10.1016/j.gerinurse.2023.03.019
http://dx.doi.org/10.1016/j.jbmt.2017.12.015
http://dx.doi.org/10.1016/j.jbmt.2017.12.015
http://dx.doi.org/10.7759/cureus.7092
http://dx.doi.org/10.1371/journal.pone.0269300
http://dx.doi.org/10.1002/jcp.25263
http://dx.doi.org/10.1002/jcp.31133
http://dx.doi.org/10.1097/PHM.0000000000001465
http://dx.doi.org/10.1097/PHM.0000000000001465
http://dx.doi.org/10.1038/s41598-018-26198-7
http://dx.doi.org/10.1186/1471-2474-12-203
http://dx.doi.org/10.1186/1471-2474-12-203
http://dx.doi.org/10.1016/j.jshs.2022.02.001
http://dx.doi.org/10.1016/j.jshs.2022.02.001
http://dx.doi.org/10.1016/j.mehy.2006.06.033
http://dx.doi.org/10.1016/j.ctim.2015.12.013
http://dx.doi.org/10.1016/j.spinee.2014.02.033
http://dx.doi.org/10.1002/ar.10185
http://dx.doi.org/10.1002/ar.24114
http://dx.doi.org/10.1186/1472-6882-5-10
http://dx.doi.org/10.1159/000359956
http://dx.doi.org/10.1016/j.bbi.2015.06.012
http://dx.doi.org/10.1093/jncimonographs/lgu028
http://dx.doi.org/10.1093/jncimonographs/lgu028


systematic review and meta-analysis. Phys Ther 2017;
97(2):227–238; doi: 10.2522/ptj.20160246

80. Naderi A, Ebrahimi SZ. Effects of Tai Chi training on func-
tionality, dynamic balance, kinesiophobia, and quality of life
in athletes with functional ankle instability. Res Sports Med
2025;33(1):48–61; doi: 10.1080/15438627.2024.2387350

81. Quixada AP, Miranda JGV, Osypiuk K, et al. Qigong
training positively impacts both posture and mood in
breast cancer survivors with persistent post-surgical pain:
Support for an embodied cognition paradigm. Front Psy-
chol 2022;13:800727; doi: 10.3389/fpsyg.2022.800727

82. Osypiuk K, Thompson E, Wayne PM. Can Tai Chi and
Qigong postures shape our mood? Toward an embodied
cognition framework for mind-body research. Front Hum
Neurosci 2018;12:174; doi: 10.3389/fnhum.2018.00174

83. Heidt T, Sager HB, Courties G, et al. Chronic variable
stress activates hematopoietic stem cells. Nat Med 2014;
20(7):754–758; doi: 10.1038/nm.3589

84. Mohanta SK, Peng L, Li Y, et al. Neuroimmune cardiovas-
cular interfaces control atherosclerosis. Nature 2022;
605(7908):152–159; doi: 10.1038/s41586-022-04673-6

85. Rosengren A, Hawken S, Ounpuu S, et al.; INTERHEART
investigators. Association of psychosocial risk factors with
risk of acute myocardial infarction in 11119 cases and 13648
controls from 52 countries (the INTERHEART study): Case-
control study. Lancet 2004;364(9438):953–962; doi: 10.1016/
S0140-6736(04)17019-0

86. Tawakol A, Ishai A, Takx RA, et al. Relation between rest-
ing amygdalar activity and cardiovascular events: A longitu-
dinal and cohort study. Lancet 2017;389(10071):834–845;
doi: 10.1016/S0140-6736(16)31714-7

87. Dar T, Radfar A, Abohashem S, et al. Psychosocial stress
and cardiovascular disease. Curr Treat Options Cardiovasc
Med 2019;21(5):23; doi: 10.1007/s11936-019-0724-5

88. Dar T, Osborne MT, Abohashem S, et al. Greater neurobio-
logical resilience to chronic socioeconomic or environmental
stressors associates with lower risk for cardiovascular dis-
ease events. Circ Cardiovasc Imaging 2020;13(8):e010337;
doi: 10.1161/CIRCIMAGING.119.010337

89. Motivala SJ, Sollers J, Thayer J, Irwin MR. Tai Chi Chih
acutely decreases sympathetic nervous system activity in
older adults. J Gerontol A Biol Sci Med Sci 2006;61(11):
1177–1180; doi: 10.1093/gerona/61.11.1177

90. Ma Y, Sun S, Peng CK. Applications of dynamical com-
plexity theory in traditional Chinese medicine. Front Med
2014;8(3):279–284; doi: 10.1007/s11684-014-0367-6

91. Ma Y, Zhou K, Fan J, Sun S. Traditional Chinese medi-
cine: Potential approaches from modern dynamical com-
plexity theories. Front Med 2016;10(1):28–32; doi: 10
.1007/s11684-016-0434-2

92. Zhou Y, Wang Q, Larkey L, et al. Tai Chi effects on heart
rate variability: A systematic review and meta-analysis. J
Integr Complement Med 2024;30(2):121–132; doi: 10
.1089/jicm.2022.0682

93. Ma Y, Wu CW, Peng CK, et al. Complexity-Based meas-
ures of heart rate dynamics in older adults following Long-
and Short-Term Tai Chi training: Cross-sectional and
randomized trial studies. Sci Rep 2019;9(1):7500; doi: 10
.1038/s41598-019-43602-y

94. Yang GY, Wang LQ, Ren J, et al. Evidence base of clini-
cal studies on Tai Chi: A bibliometric analysis. PLoS One
2015;10(3):e0120655; doi: 10.1371/journal.pone.0120655

95. Yang GY, Sabag A, Hao WL, et al. Tai Chi for health and
well-being: A bibliometric analysis of published clinical

studies between 2010 and 2020. Complement Ther Med
2021;60:102748; doi: 10.1016/j.ctim.2021.102748

96. You Y, Min L, Tang M, et al. Bibliometric evaluation of
global Tai Chi research from 1980-2020. Int J Environ Res
Public Health 2021;18(11); doi: 10.3390/ijerph18116150

97. Yang G, Hunter J, Bu FL, et al. Determining the safety
and effectiveness of Tai Chi: A critical overview of 210
systematic reviews of controlled clinical trials. Syst Rev
2022;11(1):260.

98. Kilpatrick LA, Siddarth P, Milillo MM, et al. Impact of
Tai Chi as an adjunct treatment on brain connectivity in
geriatric depression. J Affect Disord 2022;315:1–6; doi:
10.1016/j.jad.2022.07.049

99. Cui L, Tao S, Yin HC, et al. Tai Chi Chuan alters brain
functional network plasticity and promotes cognitive flexi-
bility. Front Psychol 2021;12:665419; doi: 10.3389/fpsyg
.2021.665419

100. Litscher G, Wenzel G, Niederwieser G, Schwarz G. Effects
of QiGong on brain function. Neurol Res 2001;23(5):
501–505; doi: 10.1179/016164101101198749

101. Qi D, Wong NML, Shao R, et al. Qigong exercise enhan-
ces cognitive functions in the elderly via an interleukin-6-
hippocampus pathway: A randomized active-controlled
trial. Brain Behav Immun 2021;95:381–390; doi: 10.1016/
j.bbi.2021.04.011

102. Yang G, Dong Q, Yang H, et al. Changes observed in poten-
tial key candidate genes of peripheral immunity induced by
Tai Chi among patients with Parkinson’s disease. Genes
(Basel) 2022;13(10); doi: 10.3390/genes13101863

103. Irwin MR, Olmstead R, Breen EC, et al. Cognitive behav-
ioral therapy and tai chi reverse cellular and genomic
markers of inflammation in late-life insomnia: A random-
ized controlled trial. Biol Psychiatry 2015;78(10):721–729;
doi: 10.1016/j.biopsych.2015.01.010

104. Aviles J, Allin LJ, Alexander NB, et al. Comparison of
treadmill trip-like training versus tai chi to improve reac-
tive balance among independent older adult residents of
senior housing: A pilot controlled trial. J Gerontol A Biol
Sci Med Sci 2019;74(9):1497–1503; doi: 10.1093/gerona/
glz018

105. Wehner C, Wehner C, Schwameder H, Schobersberger W.
Thoracolumbar rotation during Tai Chi Movements-A bio-
mechanical analysis of the entire peking style routine. Front
Sports Act Living 2022;4:834355; doi: 10.3389/fspor.2022
.834355

106. Yang F, Liu W. Knee joint biomechanics of simplified 24
Tai Chi forms and association with pain in individuals
with knee osteoarthritis: A pilot study. Osteoarthr Cartil
Open 2021;3(2); doi: 10.1016/j.ocarto.2021.100149

107. Jones DL, Selfe TK, Wilcox S, et al. Falls and fall-related
injuries in an evidence-based Tai Ji Quan intervention in
Rural West Virginia Churches. Top Geriatr Rehabil 2023;
39(3):170–178; doi: 10.1097/TGR.0000000000000398

108. Gallant MP, Tartaglia M, Hardman S, Burke K. Using Tai
Chi to reduce fall risk factors among older adults: An evalu-
ation of a community-based implementation. J Appl Geron-
tol 2019;38(7):983–998; doi: 10.1177/0733464817703004

109. Jones DL, Selfe TK, Wen S, et al. Implementation of an
Evidence-Based, Tai Ji Quan fall prevention program in
Rural West Virginia Churches: A RE-AIM Evaluation. J
Aging Phys Act 2023;31(1):33–47; doi: 10.1123/japa
.2021-0274

110. Li F, Harmer P. Economic evaluation of a Tai Ji Quan
intervention to reduce falls in people with Parkinson

512 WAYNE ET AL.

D
ow

nl
oa

de
d 

by
 H

A
R

V
A

R
D

 U
N

IV
E

R
SI

T
Y

 f
ro

m
 w

w
w

.li
eb

er
tp

ub
.c

om
 a

t 0
6/

08
/2

5.
 F

or
 p

er
so

na
l u

se
 o

nl
y.

 

http://dx.doi.org/10.2522/ptj.20160246
http://dx.doi.org/10.1080/15438627.2024.2387350
http://dx.doi.org/10.3389/fpsyg.2022.800727
http://dx.doi.org/10.3389/fnhum.2018.00174
http://dx.doi.org/10.1038/nm.3589
http://dx.doi.org/10.1038/s41586-022-04673-6
http://dx.doi.org/10.1016/S0140-6736(04)17019-0
http://dx.doi.org/10.1016/S0140-6736(04)17019-0
http://dx.doi.org/10.1016/S0140-6736(16)31714-7
http://dx.doi.org/10.1007/s11936-019-0724-5
http://dx.doi.org/10.1161/CIRCIMAGING.119.010337
http://dx.doi.org/10.1093/gerona/61.11.1177
http://dx.doi.org/10.1007/s11684-014-0367-6
http://dx.doi.org/10.1007/s11684-016-0434-2
http://dx.doi.org/10.1007/s11684-016-0434-2
http://dx.doi.org/10.1089/jicm.2022.0682
http://dx.doi.org/10.1089/jicm.2022.0682
http://dx.doi.org/10.1038/s41598-019-43602-y
http://dx.doi.org/10.1038/s41598-019-43602-y
http://dx.doi.org/10.1371/journal.pone.0120655
http://dx.doi.org/10.1016/j.ctim.2021.102748
http://dx.doi.org/10.3390/ijerph18116150
http://dx.doi.org/10.1016/j.jad.2022.07.049
http://dx.doi.org/10.3389/fpsyg.2021.665419
http://dx.doi.org/10.3389/fpsyg.2021.665419
http://dx.doi.org/10.1179/016164101101198749
http://dx.doi.org/10.1016/j.bbi.2021.04.011
http://dx.doi.org/10.1016/j.bbi.2021.04.011
http://dx.doi.org/10.3390/genes13101863
http://dx.doi.org/10.1016/j.biopsych.2015.01.010
http://dx.doi.org/10.1093/gerona/glz018
http://dx.doi.org/10.1093/gerona/glz018
http://dx.doi.org/10.3389/fspor.2022.834355
http://dx.doi.org/10.3389/fspor.2022.834355
http://dx.doi.org/10.1016/j.ocarto.2021.100149
http://dx.doi.org/10.1097/TGR.0000000000000398
http://dx.doi.org/10.1177/0733464817703004
http://dx.doi.org/10.1123/japa.2021-0274
http://dx.doi.org/10.1123/japa.2021-0274


disease, Oregon, 2008-2011. Prev Chronic Dis 2015;12:
E120; doi: 10.5888/pcd12.140413

111. Li F, Harmer P, Eckstrom E, et al. Cost-Effectiveness of a
Therapeutic Tai Ji Quan Fall prevention intervention for
older adults at high risk of falling. J Gerontol A Biol Sci Med
Sci 2019;74(9):1504–1510; doi: 10.1093/gerona/glz008

112. Zhu R, Niu Y, Xu H, et al. Traditional Chinese exercises
for cardiovascular diseases: A bibliometric analysis. Per-
cept Mot Skills 2024;131(2):514–536; doi: 10.1177/
00315125241230599

113. Jiang B, Feng C, Hu H, et al. Traditional Chinese exercise
for neurodegenerative diseases: A bibliometric and visual-
ized analysis with future directions. Front Aging Neurosci
2022;14:932924; doi: 10.3389/fnagi.2022.932924

114. Guan C, Gu Y, Cheng Z, et al. Global trends of tradi-
tional Chinese exercises for musculoskeletal disorders
treatment research from 2000 to 2022: A bibliometric
analysis. Front Neurosci 2023;17:1096789; doi: 10.3389/
fnins.2023.1096789

115. Zhang YP, Hu RX, Han M, et al. Evidence base of clinical
studies on Qi Gong: A bibliometric analysis. Complement
Ther Med 2020;50:102392; doi: 10.1016/j.ctim.2020.102392

116. Wayne PM, Berkowitz DL, Litrownik DE, et al. What do
we really know about the safety of tai chi?: A systematic
review of adverse event reports in randomized trials. Arch
Phys Med Rehabil 2014;95(12):2470–2483; doi: 10.1016/j
.apmr.2014.05.005

117. Cui H, Wang Q, Pedersen M, et al. The safety of tai chi: A
meta-analysis of adverse events in randomized controlled
trials. Contemp Clin Trials 2019;82:85–92; doi: 10.1016/j
.cct.2019.06.004

118. James SL, Lucchesi LR, Bisignano C, et al. The global
burden of falls: Global, regional and national estimates of
morbidity and mortality from the Global Burden of Dis-
ease Study 2017. Inj Prev 2020;26(Supp 1):i3–i11; doi: 10
.1136/injuryprev-2019-043286

119. Bergen G, Stevens MR, Burns ER. Falls and fall injuries
among adults aged >/=65 Years - United States, 2014.
MMWR Morb Mortal Wkly Rep 2016;65(37):993–998;
doi: 10.15585/mmwr.mm6537a2

120. Florence CS, Bergen G, Atherly A, et al. Medical costs of
fatal and nonfatal falls in older adults. J Am Geriatr Soc
2018;66(4):693–698; doi: 10.1111/jgs.15304

121. Sherrington C, Michaleff ZA, Fairhall N, et al. Exercise to
prevent falls in older adults: An updated systematic review
and meta-analysis. Br J Sports Med 2017;51(24):1750–1758;
doi: 10.1136/bjsports-2016-096547

122. Compendium of Effective Fall Interventions: What Works
for Community-Dwelling Older Adults. 4th ed. Atlanta
GCf, Disease Control and Prevention NCfIPaC, 2022.
Available from: https://www.cdc.gov/falls/pdf/Steadi_
Compendium_2023_508.pdf [Last accessed: July 12, 2024].

123. Sherrington C, Fairhall N, Kwok W, et al. Evidence on
physical activity and falls prevention for people aged 65+
years: Systematic review to inform the WHO guidelines
on physical activity and sedentary behaviour. Int J Behav
Nutr Phys Act 2020;17(1):144; doi: 10.1186/s12966-020-
01041-3

124. Li F, Harmer P, Fisher KJ, et al. Tai Chi and fall reduc-
tions in older adults: A randomized controlled trial. J Ger-
ontol A Biol Sci Med Sci 2005;60(2):187–194; doi: 10
.1093/gerona/60.2.187

125. Wolf SL, Barnhart HX, Kutner NG, et al. Reducing frailty
and falls in older persons: An investigation of Tai Chi and

computerized balance training. Atlanta FICSIT group.
Frailty and injuries: Cooperative studies of intervention
techniques. J Am Geriatr Soc 1996;44(5):489–497; doi: 10
.1111/j.1532-5415.1996.tb01432.x

126. Li F, Harmer P, Fitzgerald K, et al. Effectiveness of a thera-
peutic Tai Ji Quan intervention vs a multimodal exercise
intervention to prevent falls among older adults at high risk
of falling: A randomized clinical trial. JAMA Intern Med
2018;178(10):1301–1310; doi: 10.1001/jamainternmed.2018
.3915

127. Li F, Harmer P, Eckstrom E, et al. Effectiveness of Tai Ji
Quan vs multimodal and stretching exercise interventions
for reducing injurious falls in older adults at high risk of
falling: Follow-up analysis of a randomized clinical trial.
JAMA Netw Open 2019;2(2):e188280; doi: 10.1001/
jamanetworkopen.2018.8280

128. Carande-Kulis V, Stevens JA, Florence CS, et al. A cost-
benefit analysis of three older adult fall prevention inter-
ventions. J Safety Res 2015;52:65–70; doi: 10.1016/j.jsr
.2014.12.007

129. Li F, Harmer P, Fitzgerald K. Implementing an evidence-
based fall prevention intervention in community senior
centers. Am J Public Health 2016;106(11):2026–2031;
doi: 10.2105/AJPH.2016.303386

130. Li F, Harmer P, Stock R, et al. Implementing an evidence-
based fall prevention program in an outpatient clinical set-
ting. J Am Geriatr Soc 2013;61(12):2142–2149; doi: 10
.1111/jgs.12509

131. Ory MG, Smith ML, Parker EM, et al. Fall prevention in
community settings: Results from implementing tai chi:
Moving for better balance in three States. Front Public
Health 2014;2:258; doi: 10.3389/fpubh.2014.00258

132. Jones DL, Starcher RW, Eicher JL, Wilcox S. Adoption of
a Tai Chi intervention, Tai Ji Quan: Moving for better bal-
ance, for fall prevention by rural faith-based organizations,
2013-2014. Prev Chronic Dis 2016;13:E92; doi: 10.5888/
pcd13.160083

133. Xiao C, Zhuang Y, Kang Y. Effect of health Qigong
Baduanjin on fall prevention in individuals with Parkin-
son’s disease. J Am Geriatr Soc 2016;64(11):e227–e228;
doi: 10.1111/jgs.14438

134. Othman EM, Toson RA. Response of bone mineral density
and balance performance in post-burn patients with selected
Qigong training: A single-blind randomized controlled trial.
Burns 2024;50(2):495–506; doi: 10.1016/j.burns.2023.03.001

135. Lan Y, You Q, Jiang Q, et al. Effect of Qigong exercise on
motor function in stroke patients: A systematic review and
meta-analysis of randomized controlled trials. Top Stroke
Rehabil 2024;31(3):223–234; doi: 10.1080/10749357.2023
.2240582

136. Yang F, Liu W. Biomechanical mechanism of Tai-Chi gait
for preventing falls: A pilot study. J Biomech 2020;105:
109769; doi: 10.1016/j.jbiomech.2020.109769

137. Wayne PM, Hausdorff JM, Lough M, et al. Tai Chi train-
ing may reduce dual task gait variability, a potential medi-
ator of fall risk, in healthy older adults: Cross-Sectional
and randomized trial studies. Front Hum Neurosci 2015;9:
332; doi: 10.3389/fnhum.2015.00332

138. Vergara-Diaz G, Osypiuk K, Hausdorff JM, et al. Tai Chi for
reducing dual-task gait variability, a potential mediator of fall
risk in parkinson’s disease: A pilot randomized controlled
trial. Glob Adv Health Med 2018;7:2164956118775385; doi:
10.1177/2164956118775385

TAI CHI AND QIGONG FORWHOLE PERSON HEALTH 513

D
ow

nl
oa

de
d 

by
 H

A
R

V
A

R
D

 U
N

IV
E

R
SI

T
Y

 f
ro

m
 w

w
w

.li
eb

er
tp

ub
.c

om
 a

t 0
6/

08
/2

5.
 F

or
 p

er
so

na
l u

se
 o

nl
y.

 

http://dx.doi.org/10.5888/pcd12.140413
http://dx.doi.org/10.1093/gerona/glz008
http://dx.doi.org/10.1177/00315125241230599
http://dx.doi.org/10.1177/00315125241230599
http://dx.doi.org/10.3389/fnagi.2022.932924
http://dx.doi.org/10.3389/fnins.2023.1096789
http://dx.doi.org/10.3389/fnins.2023.1096789
http://dx.doi.org/10.1016/j.ctim.2020.102392
http://dx.doi.org/10.1016/j.apmr.2014.05.005
http://dx.doi.org/10.1016/j.apmr.2014.05.005
http://dx.doi.org/10.1016/j.cct.2019.06.004
http://dx.doi.org/10.1016/j.cct.2019.06.004
http://dx.doi.org/10.1136/injuryprev-2019-043286
http://dx.doi.org/10.1136/injuryprev-2019-043286
http://dx.doi.org/10.15585/mmwr.mm6537a2
http://dx.doi.org/10.1111/jgs.15304
http://dx.doi.org/10.1136/bjsports-2016-096547
https://www.cdc.gov/falls/pdf/Steadi_Compendium_2023_508.pdf
https://www.cdc.gov/falls/pdf/Steadi_Compendium_2023_508.pdf
http://dx.doi.org/10.1186/s12966-020-01041-3
http://dx.doi.org/10.1186/s12966-020-01041-3
http://dx.doi.org/10.1093/gerona/60.2.187
http://dx.doi.org/10.1093/gerona/60.2.187
http://dx.doi.org/10.1111/j.1532-5415.1996.tb01432.x
http://dx.doi.org/10.1111/j.1532-5415.1996.tb01432.x
http://dx.doi.org/10.1001/jamainternmed.2018.3915
http://dx.doi.org/10.1001/jamainternmed.2018.3915
http://dx.doi.org/10.1001/jamanetworkopen.2018.8280
http://dx.doi.org/10.1001/jamanetworkopen.2018.8280
http://dx.doi.org/10.1016/j.jsr.2014.12.007
http://dx.doi.org/10.1016/j.jsr.2014.12.007
http://dx.doi.org/10.2105/AJPH.2016.303386
http://dx.doi.org/10.1111/jgs.12509
http://dx.doi.org/10.1111/jgs.12509
http://dx.doi.org/10.3389/fpubh.2014.00258
http://dx.doi.org/10.5888/pcd13.160083
http://dx.doi.org/10.5888/pcd13.160083
http://dx.doi.org/10.1111/jgs.14438
http://dx.doi.org/10.1016/j.burns.2023.03.001
http://dx.doi.org/10.1080/10749357.2023.2240582
http://dx.doi.org/10.1080/10749357.2023.2240582
http://dx.doi.org/10.1016/j.jbiomech.2020.109769
http://dx.doi.org/10.3389/fnhum.2015.00332
http://dx.doi.org/10.1177/2164956118775385


139. Faisal MAA, Chowdhury MEH, Khandakar A, et al. An
investigation to study the effects of Tai Chi on human gait
dynamics using classical machine learning. Comput Biol
Med 2022;142:105184; doi: 10.1016/j.compbiomed.2021
.105184

140. Manor B, Lipsitz LA, Wayne PM, et al. Complexity-based
measures inform Tai Chi’s impact on standing postural
control in older adults with peripheral neuropathy. BMC
Complement Altern Med 2013;13:87; doi: 10.1186/1472-
6882-13-87

141. Zou L, Han J, Li C, et al. Effects of Tai Chi on lower limb
proprioception in adults aged over 55: A systematic review
and meta-analysis. Arch Phys Med Rehabil 2019;100(6):
1102–1113; doi: 10.1016/j.apmr.2018.07.425

142. Wehner C, Blank C, Arvandi M, et al. Effect of Tai Chi on
muscle strength, physical endurance, postural balance and
flexibility: A systematic review and meta-analysis. BMJ
Open Sport Exerc Med 2021;7(1):e000817; doi: 10.1136/
bmjsem-2020-000817

143. Li F, Fisher KJ, Harmer P, McAuley E. Falls self-efficacy
as a mediator of fear of falling in an exercise intervention
for older adults. J Gerontol B Psychol Sci Soc Sci 2005;
60(1):P34–P40; doi: 10.1093/geronb/60.1.p34

144. Grossman DC, Curry SJ, Owens DK, et al.; US Preventive
Services Task Force. Interventions to prevent falls in
community-dwelling older adults: US Preventive Services
Task Force Recommendation Statement. JAMA 2018;
319(16):1696–1704.

145. Stevens JA, Mahoney JE, Ehrenreich H. Circumstances
and outcomes of falls among high risk community-
dwelling older adults. Inj Epidemiol 2014;1(1):5; doi: 10
.1186/2197-1714-1-5

146. Wayne PM, Walsh JN, Taylor-Piliae RE, et al. Effect of
tai chi on cognitive performance in older adults: System-
atic review and meta-analysis. J Am Geriatr Soc 2014;
62(1):25–39; doi: 10.1111/jgs.12611

147. Lin R, Cui S, Yang J, et al. Effects of Tai Chi on patients
with mild cognitive impairment: A systematic review and
meta-analysis of randomized controlled trials. Biomed Res
Int 2021;2021:5530149; doi: 10.1155/2021/5530149

148. Mortimer JA, Ding D, Borenstein AR, et al. Changes in
brain volume and cognition in a randomized trial of exer-
cise and social interaction in a community-based sample
of non-demented Chinese elders. J Alzheimers Dis 2012;
30(4):757–766; doi: 10.3233/JAD-2012-120079

149. Wei GX, Xu T, Fan FM, et al. Can Taichi reshape the
brain? A brain morphometry study. PLoS One 2013;8(4):
e61038; doi: 10.1371/journal.pone.0061038

150. Sungkarat S, Boripuntakul S, Kumfu S, et al. Tai Chi
improves cognition and plasma BDNF in older adults with
mild cognitive impairment: A randomized controlled trial.
Neurorehabil Neural Repair 2018;32(2):142–149; doi: 10
.1177/1545968317753682

151. Tsang WW, Kwok JC, Hui-Chan CW. Effects of aging
and tai chi on a finger-pointing task with a choice para-
digm. Evid Based Complement Alternat Med 2013;2013:
653437; doi: 10.1155/2013/653437

152. Tsang WWN, Chan KK, Cheng CN, et al. Tai Chi practice
on prefrontal oxygenation levels in older adults: A pilot
study. Complement Ther Med 2019;42:132–136; doi: 10
.1016/j.ctim.2018.11.005

153. Tsang WW, Wong VS, Fu SN, Hui-Chan CW. Tai Chi
improves standing balance control under reduced or

conflicting sensory conditions. Arch Phys Med Rehabil
2004;85(1):129–137; doi: 10.1016/j.apmr.2003.02.002

154. Liu J, Shi H, T L. Qigong exercise and cognitive function
in brain imaging studies: A systematic review of random-
ized controlled trials in healthy and cognitively impaired
populations. Brain Brahvior and Immunity Integrative
2023;3:100016; doi: 10.1016/j.bbii.2023.100016

155. Chen ML, Wotiz SB, Banks SM, et al. Dose-Response
association of Tai Chi and Cognition among Community-
Dwelling Older Adults: A systematic review and meta-
analysis. Int J Environ Res Public Health 2021;18(6); doi:
10.3390/ijerph18063179

156. Lim KH, Pysklywec A, Plante M, Demers L. The effective-
ness of Tai Chi for short-term cognitive function improve-
ment in the early stages of dementia in the elderly: A
systematic literature review. Clin Interv Aging 2019;14:
827–839; doi: 10.2147/CIA.S202055

157. Wang Y, Zhang Q, Li F, et al. Effects of tai chi and
Qigong on cognition in neurological disorders: A system-
atic review and meta-analysis. Geriatr Nurs 2022;46:
166–177; doi: 10.1016/j.gerinurse.2022.05.014

158. Wei L, Chai Q, Chen J, et al. The impact of Tai Chi on cog-
nitive rehabilitation of elder adults with mild cognitive
impairment: A systematic review and meta-analysis. Disabil
Rehabil 2022;44(11):2197–2206; doi: 10.1080/09638288
.2020.1830311

159. Ladawan S, Klarod K, Philippe M, et al. Effect of Qigong
exercise on cognitive function, blood pressure and cardior-
espiratory fitness in healthy middle-aged subjects. Com-
plement Ther Med 2017;33:39–45; doi: 10.1016/j.ctim
.2017.05.005

160. Barnes DE, Jiang F, Benjamin C, et al. Livestream, group
movement program for people living with cognitive
impairment and care partners: A randomized clinical trial.
Alzheimers Dement (N Y) 2024;10(2):e12467; doi: 10
.1002/trc2.12467

161. Chao LL, Lee JA, Martinez S, et al. Preventing Loss of
Independence through Exercise (PLIE): A Pilot Trial in
Older Adults with Subjective Memory Decline and Mild
Cognitive Impairment. J Alzheimers Dis 2021;82(4):
1543–1557; doi: 10.3233/JAD-210159

162. Nicosia FM, Lee JA, Chesney MA, et al. Adaptation of an
In-Person mind-body movement program for people with
cognitive impairment or dementia and care partners for
online delivery: Feasibility, satisfaction and participant-
reported outcomes. Glob Adv Integr Med Health 2023;12:
27536130231202989; doi: 10.1177/27536130231202989

163. Cai H, Zhang K, Wang M, et al. Effects of mind-body exer-
cise on cognitive performance in middle-aged and older
adults with mild cognitive impairment: A meta-analysis
study. Medicine (Baltimore) 2023;102(34):e34905; doi: 10
.1097/MD.0000000000034905

164. Liu F, Cui J, Liu X, et al. The effect of tai chi and Qigong
exercise on depression and anxiety of individuals with sub-
stance use disorders: A systematic review and meta-analy-
sis. BMC Complement Med Ther 2020;20(1):161; doi: 10
.1186/s12906-020-02967-8

165. Liu X, Clark J, Siskind D, et al. A systematic review and
meta-analysis of the effects of Qigong and Tai Chi for
depressive symptoms. Complement Ther Med 2015;23(4):
516–534; doi: 10.1016/j.ctim.2015.05.001

166. Choo YT, Jiang Y, Hong J, Wang W. Effectiveness of Tai
Chi on quality of life, depressive symptoms and physical
function among community-dwelling older adults with

514 WAYNE ET AL.

D
ow

nl
oa

de
d 

by
 H

A
R

V
A

R
D

 U
N

IV
E

R
SI

T
Y

 f
ro

m
 w

w
w

.li
eb

er
tp

ub
.c

om
 a

t 0
6/

08
/2

5.
 F

or
 p

er
so

na
l u

se
 o

nl
y.

 

http://dx.doi.org/10.1016/j.compbiomed.2021.105184
http://dx.doi.org/10.1016/j.compbiomed.2021.105184
http://dx.doi.org/10.1186/1472-6882-13-87
http://dx.doi.org/10.1186/1472-6882-13-87
http://dx.doi.org/10.1016/j.apmr.2018.07.425
http://dx.doi.org/10.1136/bmjsem-2020-000817
http://dx.doi.org/10.1136/bmjsem-2020-000817
http://dx.doi.org/10.1093/geronb/60.1.p34
http://dx.doi.org/10.1186/2197-1714-1-5
http://dx.doi.org/10.1186/2197-1714-1-5
http://dx.doi.org/10.1111/jgs.12611
http://dx.doi.org/10.1155/2021/5530149
http://dx.doi.org/10.3233/JAD-2012-120079
http://dx.doi.org/10.1371/journal.pone.0061038
http://dx.doi.org/10.1177/1545968317753682
http://dx.doi.org/10.1177/1545968317753682
http://dx.doi.org/10.1155/2013/653437
http://dx.doi.org/10.1016/j.ctim.2018.11.005
http://dx.doi.org/10.1016/j.ctim.2018.11.005
http://dx.doi.org/10.1016/j.apmr.2003.02.002
http://dx.doi.org/10.1016/j.bbii.2023.100016
http://dx.doi.org/10.3390/ijerph18063179
http://dx.doi.org/10.2147/CIA.S202055
http://dx.doi.org/10.1016/j.gerinurse.2022.05.014
http://dx.doi.org/10.1080/09638288.2020.1830311
http://dx.doi.org/10.1080/09638288.2020.1830311
http://dx.doi.org/10.1016/j.ctim.2017.05.005
http://dx.doi.org/10.1016/j.ctim.2017.05.005
http://dx.doi.org/10.1002/trc2.12467
http://dx.doi.org/10.1002/trc2.12467
http://dx.doi.org/10.3233/JAD-210159
http://dx.doi.org/10.1177/27536130231202989
http://dx.doi.org/10.1097/MD.0000000000034905
http://dx.doi.org/10.1097/MD.0000000000034905
http://dx.doi.org/10.1186/s12906-020-02967-8
http://dx.doi.org/10.1186/s12906-020-02967-8
http://dx.doi.org/10.1016/j.ctim.2015.05.001


chronic disease: A systematic review and meta-analysis.
Int J Nurs Stud 2020;111:103737; doi: 10.1016/j.ijnurstu
.2020.103737

167. Sani NA, Yusoff SSM, Norhayati MN, Zainudin AM. Tai
Chi exercise for mental and physical well-being in patients
with depressive symptoms: A systematic review and meta-
analysis. Int J Environ Res Public Health 2023;20(4); doi:
10.3390/ijerph20042828

168. Taylor-Piliae RE, Finley BA. Tai Chi exercise for psycho-
logical well-being among adults with cardiovascular disease:
A systematic review and meta-analysis. Eur J Cardiovasc
Nurs 2020;19(7):580–591; doi: 10.1177/1474515120926068

169. Niles BL, Reid KF, Whitworth JW, et al. Tai Chi and
Qigong for trauma exposed populations: A systematic
review. Ment Health Phys Act 2022;22:22; doi: 10.1016/j
.mhpa.2022.100449

170. Reid KF, Bannuru RR, Wang C, et al. The Effects of Tai
Chi mind-body approach on the mechanisms of gulf war
illness: An umbrella review. Integr Med Res 2019;8(3):
167–172; doi: 10.1016/j.imr.2019.05.003

171. Converse AK, Barrett BP, Chewning BA, Wayne PM. Tai
Chi training for attention deficit hyperactivity disorder: A
feasibility trial in college students. Complement Ther Med
2020;53:102538; doi: 10.1016/j.ctim.2020.102538

172. Zhang Z, Chang X, Zhang W, et al. The effect of meditation-
based mind-body interventions on symptoms and executive
function in people with ADHD: A meta-analysis of random-
ized controlled trials. J Atten Disord 2023;27(6):583–597;
doi: 10.1177/10870547231154897

173. Rice LC, Deronda AC, Kiran S, et al. Mindful movement
intervention applied to at risk urban school children for
improving motor, cognitive, and emotional-behavioral reg-
ulation. Mindfulness (N Y) 2023;14(3):637–647; doi: 10
.1007/s12671-022-02063-7

174. Abbott R, Lavretsky H. Tai Chi and Qigong for the treatment
and prevention of mental disorders. Psychiatr Clin North Am
2013;36(1):109–119; doi: 10.1016/j.psc.2013.01.011

175. Yeung A, Chan JSM, Cheung JC, Zou L. Qigong and Tai-
Chi for mood regulation. Focus (Am Psychiatr Publ) 2018;
16(1):40–47; doi: 10.1176/appi.focus.20170042

176. Yin J, Yue C, Song Z, et al. The comparative effects of Tai
chi versus non-mindful exercise on measures of anxiety,
depression and general mental health: A systematic review
and meta-analysis. J Affect Disord 2023;337:202–214;
doi: 10.1016/j.jad.2023.05.037

177. Lavretsky H, Alstein LL, Olmstead RE, et al. Complemen-
tary use of tai chi chih augments escitalopram treatment of
geriatric depression: A randomized controlled trial. Am J
Geriatr Psychiatry 2011;19(10):839–850; doi: 10.1097/
JGP.0b013e31820ee9ef

178. Yeung AS, Feng R, Kim DJH, et al. A pilot, randomized
controlled study of Tai Chi with passive and active con-
trols in the treatment of depressed Chinese Americans. J
Clin Psychiatry 2017;78(5):e522–e528; doi: 10.4088/JCP
.16m10772

179. Zou L, Yeung A, Li C, et al. Effects of meditative move-
ments on major depressive disorder: A systematic review
and meta-analysis of randomized controlled trials. J Clin
Med 2018;7(8); doi: 10.3390/jcm7080195

180. Wang F, Man JK, Lee EK, et al. The effects of qigong on
anxiety, depression, and psychological well-being: A sys-
tematic review and meta-analysis. Evid Based Comple-
ment Alternat Med 2013;2013:152738; doi: 10.1155/2013/
152738

181. Lin J, Gao YF, Guo Y, et al. Effects of qigong exercise on
the physical and mental health of college students: A sys-
tematic review and Meta-analysis. BMC Complement Med
Ther 2022;22(1):287; doi: 10.1186/s12906-022-03760-5

182. Liu J, Yang Y, Zhu Y, et al. Effectiveness of Baduanjin (a
Type of Qigong) on physical, cognitive, and mental health
outcomes: A comprehensive review. Adv Mind Body Med.
Spring 2023;37(2):9–23.

183. Xu A, Zimmerman CS, Lazar SW, et al. Distinct insular
functional connectivity changes related to mood and
fatigue improvements in major depressive disorder follow-
ing Tai Chi Training: A pilot study. Front Integr Neurosci
2020;14:25; doi: 10.3389/fnint.2020.00025

184. Yao Y, Ge L, Yu Q, et al. The effect of Tai Chi Chuan on
emotional health: Potential mechanisms and prefrontal
cortex hypothesis. Evid Based Complement Alternat Med
2021;2021:5549006; doi: 10.1155/2021/5549006

185. Gerritsen RJS, Band GPH. Breath of life: The respiratory
vagal stimulation model of contemplative activity. Front
Hum Neurosci 2018;12:397; doi: 10.3389/fnhum.2018.00397

186. Chin MS, Kales SN. Understanding mind-body disci-
plines: A pilot study of paced breathing and dynamic mus-
cle contraction on autonomic nervous system reactivity.
Stress Health 2019;35(4):542–548; doi: 10.1002/smi.2887

187. Mehling WE, Wrubel J, Daubenmier JJ, et al. Body
Awareness: A phenomenological inquiry into the common
ground of mind-body therapies. Philos Ethics Humanit
Med 2011;6:6; doi: 10.1186/1747-5341-6-6

188. Siddarth P, Abikenari M, Grzenda A, et al. Inflammatory
markers of geriatric depression response to Tai Chi or
health education adjunct interventions. Am J Geriatr Psy-
chiatry 2023;31(1):22–32; doi: 10.1016/j.jagp.2022.08.004

189. Morgan N, Irwin MR, Chung M, Wang C. The effects of
mind-body therapies on the immune system: Meta-analysis.
PLoS One 2014;9(7):e100903; doi: 10.1371/journal.pone
.0100903

190. Chen R, Wang S, Fan Y, et al. Acute Tai Chi Chuan exer-
cise enhances sustained attention and elicits increased
cuneus/precuneus activation in young adults. Cereb Cortex
2023;33(6):2969–2981; doi: 10.1093/cercor/bhac254

191. Chong TWH, Kootar S, Wilding H, et al. Exercise interven-
tions to reduce anxiety in mid-life and late-life anxiety disor-
ders and subthreshold anxiety disorder: A systematic review.
Ther Adv Psychopharmacol 2022;12:20451253221104958;
doi: 10.1177/20451253221104958

192. Kim SH, Schneider SM, Kravitz L, et al. Mind-body prac-
tices for posttraumatic stress disorder. J Investig Med 2013;
61(5):827–834; doi: 10.2310/JIM.0b013e3182906862

193. Niles BL, Mori DL, Polizzi CP, et al. Feasibility, qualitative
findings and satisfaction of a brief Tai Chi mind-body pro-
gramme for veterans with post-traumatic stress symptoms.
BMJ Open 2016;6(11):e012464; doi: 10.1136/bmjopen-
2016-012464

194. Irwin MR, Olmstead R, Motivala SJ. Improving sleep
quality in older adults with moderate sleep complaints: A
randomized controlled trial of Tai Chi Chih. Sleep 2008;
31(7):1001–1008.

195. Irwin MR, Olmstead R, Carrillo C, et al. Cognitive behav-
ioral therapy vs. Tai Chi for late life insomnia and inflam-
matory risk: A randomized controlled comparative efficacy
trial. Sleep 2014;37(9):1543–1552; doi: 10.5665/sleep.4008

196. Siu PM, Yu AP, Tam BT, et al. Effects of Tai Chi or exer-
cise on sleep in older adults with insomnia: A randomized

TAI CHI AND QIGONG FORWHOLE PERSON HEALTH 515

D
ow

nl
oa

de
d 

by
 H

A
R

V
A

R
D

 U
N

IV
E

R
SI

T
Y

 f
ro

m
 w

w
w

.li
eb

er
tp

ub
.c

om
 a

t 0
6/

08
/2

5.
 F

or
 p

er
so

na
l u

se
 o

nl
y.

 

http://dx.doi.org/10.1016/j.ijnurstu.2020.103737
http://dx.doi.org/10.1016/j.ijnurstu.2020.103737
http://dx.doi.org/10.3390/ijerph20042828
http://dx.doi.org/10.1177/1474515120926068
http://dx.doi.org/10.1016/j.mhpa.2022.100449
http://dx.doi.org/10.1016/j.mhpa.2022.100449
http://dx.doi.org/10.1016/j.imr.2019.05.003
http://dx.doi.org/10.1016/j.ctim.2020.102538
http://dx.doi.org/10.1177/10870547231154897
http://dx.doi.org/10.1007/s12671-022-02063-7
http://dx.doi.org/10.1007/s12671-022-02063-7
http://dx.doi.org/10.1016/j.psc.2013.01.011
http://dx.doi.org/10.1176/appi.focus.20170042
http://dx.doi.org/10.1016/j.jad.2023.05.037
http://dx.doi.org/10.1097/JGP.0b013e31820ee9ef
http://dx.doi.org/10.1097/JGP.0b013e31820ee9ef
http://dx.doi.org/10.4088/JCP.16m10772
http://dx.doi.org/10.4088/JCP.16m10772
http://dx.doi.org/10.3390/jcm7080195
http://dx.doi.org/10.1155/2013/152738
http://dx.doi.org/10.1155/2013/152738
http://dx.doi.org/10.1186/s12906-022-03760-5
http://dx.doi.org/10.3389/fnint.2020.00025
http://dx.doi.org/10.1155/2021/5549006
http://dx.doi.org/10.3389/fnhum.2018.00397
http://dx.doi.org/10.1002/smi.2887
http://dx.doi.org/10.1186/1747-5341-6-6
http://dx.doi.org/10.1016/j.jagp.2022.08.004
http://dx.doi.org/10.1371/journal.pone.0100903
http://dx.doi.org/10.1371/journal.pone.0100903
http://dx.doi.org/10.1093/cercor/bhac254
http://dx.doi.org/10.1177/20451253221104958
http://dx.doi.org/10.2310/JIM.0b013e3182906862
http://dx.doi.org/10.1136/bmjopen-2016-012464
http://dx.doi.org/10.1136/bmjopen-2016-012464
http://dx.doi.org/10.5665/sleep.4008


clinical trial. JAMA Netw Open 2021;4(2):e2037199; doi:
10.1001/jamanetworkopen.2020.37199

197. Ko LH, Hsieh YJ, Wang MY, et al. Effects of health
qigong on sleep quality: A systematic review and meta-
analysis of randomized controlled trials. Complement Ther
Med 2022;71:102876; doi: 10.1016/j.ctim.2022.102876

198. Li H, Chen J, Xu G, et al. The Effect of Tai Chi for
improving sleep quality: A systematic review and meta-
analysis. J Affect Disord 2020;274:1102–1112; doi: 10
.1016/j.jad.2020.05.076

199. Raman G, Zhang Y, Minichiello VJ, et al. Tai Chi
improves sleep quality in healthy adults and patients with
chronic conditions: A systematic review and meta-analy-
sis. J Sleep Disord Ther 2013;2(6); doi: 10.4172/2167-
0277.1000141

200. Si Y, Wang C, Yin H, et al. Tai Chi Chuan for subjective
sleep quality: A systematic review and meta-analysis of
randomized controlled trials. Evid Based Complement
Alternat Med 2020;2020:4710527; doi: 10.1155/2020/
4710527

201. Takemura N, Cheung DST, Fong DYT, et al. Effectiveness
of aerobic exercise and Tai Chi interventions on sleep
quality in patients with advanced lung cancer: A random-
ized clinical trial. JAMA Oncol 2024;10(2):176–184; doi:
10.1001/jamaoncol.2023.5248

202. Irwin MR, Olmstead R, Carrillo C, et al. Tai Chi Chih
compared with cognitive behavioral therapy for the treat-
ment of insomnia in survivors of breast cancer: A random-
ized, partially blinded, noninferiority trial. J Clin Oncol
2017;35(23):2656–2665; doi: 10.1200/JCO.2016.71.0285

203. Recchia F, Yu AP, Ng TC, et al. Study protocol for a com-
parative randomized controlled trial of Tai Chi and con-
ventional exercise training on alleviating depression in
older insomniacs. J Exerc Sci Fit 2024;22(3):194–201;
doi: 10.1016/j.jesf.2024.03.001

204. Jones KD, Sherman CA, Mist SD, et al. A randomized con-
trolled trial of 8-form Tai chi improves symptoms and func-
tional mobility in fibromyalgia patients. Clin Rheumatol
2012;31(8):1205–1214; doi: 10.1007/s10067-012-1996-2

205. Wang C, Schmid CH, Rones R, et al. A randomized trial
of tai chi for fibromyalgia. N Engl J Med 2010;363(8):
743–754; doi: 10.1056/NEJMoa0912611

206. Ma Y, Yeung A, Yang AC, et al. The effects of Tai Chi on
sleep quality in Chinese American patients with major
depressive disorder: A pilot study. Behav Sleep Med 2018;
16(4):398–411; doi: 10.1080/15402002.2016.1228643

207. Chan AW, Yu DS, Choi KC, et al. Tai chi qigong as a
means to improve night-time sleep quality among older
adults with cognitive impairment: A pilot randomized con-
trolled trial. Clin Interv Aging 2016;11:1277–1286; doi:
10.2147/CIA.S111927

208. Yeh GY, Mietus JE, Peng CK, et al. Enhancement of sleep
stability with Tai Chi exercise in chronic heart failure: Pre-
liminary findings using an ECG-based spectrogram method.
Sleep Med 2008;9(5):527–536; doi: 10.1016/j.sleep.2007
.06.003

209. McQuade JL, Prinsloo S, Chang DZ, et al. Qigong/tai chi
for sleep and fatigue in prostate cancer patients undergoing
radiotherapy: A randomized controlled trial. Psychooncol-
ogy 2017;26(11):1936–1943; doi: 10.1002/pon.4256

210. Yilmaz Gokmen G, Akkoyunlu ME, Kilic L, Algun C.
The effect of T’ai Chi and Qigong training on patients
with obstructive sleep Apnea: A randomized controlled

study. J Altern Complement Med 2019;25(3):317–325;
doi: 10.1089/acm.2018.0197

211. Wassom DJ, Lyons KE, Pahwa R, Liu W. Qigong exercise
may improve sleep quality and gait performance in Parkinson’s
disease: A pilot study. Int J Neurosci 2015;125(8):578–584;
doi: 10.3109/00207454.2014.966820

212. Moon S, Schmidt M, Smirnova IV, et al. Qigong exercise
may reduce serum TNF-alpha levels and improve sleep in
people with parkinson’s disease: A pilot study. Medicines
(Basel) 2017;4(2); doi: 10.3390/medicines4020023

213. Kong L, Ren J, Fang S, et al. Effects of traditional Chinese
mind-body exercises for patients with chronic fatigue syn-
drome: A systematic review and meta-analysis. J Glob
Health 2023;13:4157; doi: 10.7189/jogh.13.04157

214. Yin Y, Yu Z, Wang J, Sun J. Effects of the different Tai
Chi exercise cycles on patients with essential hypertension:
A systematic review and meta-analysis. Front Cardiovasc
Med 2023;10:1016629; doi: 10.3389/fcvm.2023.1016629

215. Zhong D, Li J, Yang H, et al. Tai Chi for essential hyper-
tension: A systematic review of randomized controlled tri-
als. Curr Hypertens Rep 2020;22(3):25; doi: 10.1007/
s11906-020-1031-y

216. Li X, Chang P, Wu M, et al. Effect of Tai Chi vs aerobic
exercise on blood pressure in patients with prehypertension:
A randomized clinical trial. JAMA Netw Open 2024;7(2):
e2354937; doi: 10.1001/jamanetworkopen.2023.54937

217. Chau JPC, Leung LYL, Liu X, et al. Effects of Tai Chi on
health outcomes among community-dwelling adults with
or at risk of metabolic syndrome: A systematic review.
Complement Ther Clin Pract 2021;44:101445; doi: 10
.1016/j.ctcp.2021.101445

218. Siu PM, Yu AP, Chin EC, et al. Effects of Tai Chi or con-
ventional exercise on central obesity in middle-aged and
older adults: A three-group randomized controlled trial.
Ann Intern Med 2021;174(8):1050–1057; doi: 10.7326/
M20-7014

219. Liu T, Chan AW, Liu YH, Taylor-Piliae RE. Effects of Tai
Chi-based cardiac rehabilitation on aerobic endurance,
psychosocial well-being, and cardiovascular risk reduction
among patients with coronary heart disease: A systematic
review and meta-analysis. Eur J Cardiovasc Nurs 2018;
17(4):368–383; doi: 10.1177/1474515117749592

220. Bao Q, Lei S, Guo S, et al. Effect of Traditional Chinese
Exercises on Patients with Chronic Heart Failure (TCE-
HF): A systematic review and meta-analysis. J Clin Med
2023;12(6); doi: 10.3390/jcm12062150

221. Chen X, Savarese G, Cai Y, et al. Tai Chi and Qigong
practices for chronic heart failure: A systematic review
and meta-analysis of randomized controlled trials. Evid
Based Complement Alternat Med 2020;2020:2034625;
doi: 10.1155/2020/2034625

222. Polkey MI, Qiu ZH, Zhou L, et al. Tai Chi and pulmonary
rehabilitation compared for treatment-naive patients with
COPD: A randomized controlled trial. Chest 2018;153(5):
1116–1124; doi: 10.1016/j.chest.2018.01.053

223. Kilgore K, Leinfelder J, Campbell J, et al. A Tai Chi class
collaboratively developed for persons with interstitial and
other lung diseases: An ethnographic investigation. Glob
Adv Integr Med Health 2023;12:27536130231206122;
doi: 10.1177/27536130231206122

224. Gilliam EA, Kilgore KL, Liu Y, et al. Managing the expe-
rience of breathlessness with Tai Chi: A qualitative analy-
sis from a randomized controlled trial in COPD. Respir
Med 2021;184:106463; doi: 10.1016/j.rmed.2021.106463

516 WAYNE ET AL.

D
ow

nl
oa

de
d 

by
 H

A
R

V
A

R
D

 U
N

IV
E

R
SI

T
Y

 f
ro

m
 w

w
w

.li
eb

er
tp

ub
.c

om
 a

t 0
6/

08
/2

5.
 F

or
 p

er
so

na
l u

se
 o

nl
y.

 

http://dx.doi.org/10.1001/jamanetworkopen.2020.37199
http://dx.doi.org/10.1016/j.ctim.2022.102876
http://dx.doi.org/10.1016/j.jad.2020.05.076
http://dx.doi.org/10.1016/j.jad.2020.05.076
http://dx.doi.org/10.4172/2167-0277.1000141
http://dx.doi.org/10.4172/2167-0277.1000141
http://dx.doi.org/10.1155/2020/4710527
http://dx.doi.org/10.1155/2020/4710527
http://dx.doi.org/10.1001/jamaoncol.2023.5248
http://dx.doi.org/10.1200/JCO.2016.71.0285
http://dx.doi.org/10.1016/j.jesf.2024.03.001
http://dx.doi.org/10.1007/s10067-012-1996-2
http://dx.doi.org/10.1056/NEJMoa0912611
http://dx.doi.org/10.1080/15402002.2016.1228643
http://dx.doi.org/10.2147/CIA.S111927
http://dx.doi.org/10.1016/j.sleep.2007.06.003
http://dx.doi.org/10.1016/j.sleep.2007.06.003
http://dx.doi.org/10.1002/pon.4256
http://dx.doi.org/10.1089/acm.2018.0197
http://dx.doi.org/10.3109/00207454.2014.966820
http://dx.doi.org/10.3390/medicines4020023
http://dx.doi.org/10.7189/jogh.13.04157
http://dx.doi.org/10.3389/fcvm.2023.1016629
http://dx.doi.org/10.1007/s11906-020-1031-y
http://dx.doi.org/10.1007/s11906-020-1031-y
http://dx.doi.org/10.1001/jamanetworkopen.2023.54937
http://dx.doi.org/10.1016/j.ctcp.2021.101445
http://dx.doi.org/10.1016/j.ctcp.2021.101445
http://dx.doi.org/10.7326/M20-7014
http://dx.doi.org/10.7326/M20-7014
http://dx.doi.org/10.1177/1474515117749592
http://dx.doi.org/10.3390/jcm12062150
http://dx.doi.org/10.1155/2020/2034625
http://dx.doi.org/10.1016/j.chest.2018.01.053
http://dx.doi.org/10.1177/27536130231206122
http://dx.doi.org/10.1016/j.rmed.2021.106463


225. Kraemer KM, Litrownik D, Moy ML, et al. Exploring Tai
Chi exercise and mind-body breathing in patients with COPD
in a randomized controlled feasibility trial. COPD 2021;
18(3):288–298; doi: 10.1080/15412555.2021.1928037

226. Yeh GY, Litrownik D, Wayne PM, et al. BEAM study
(Breathing, Education, Awareness, Movement): A rando-
mised controlled feasibility trial of tai chi exercise in
patients with COPD. BMJ Open Respir Res 2020;7(1);
doi: 10.1136/bmjresp-2020-000697

227. Gendron LM, Nyberg A, Saey D, et al. Active mind-body
movement therapies as an adjunct to or in comparison with
pulmonary rehabilitation for people with chronic obstructive
pulmonary disease. Cochrane Database Syst Rev 2018;
10(10):CD012290; doi: 10.1002/14651858.CD012290.pub2

228. Taylor-Piliae RE, Silva E, Sheremeta SP. Tai Chi as an
adjunct physical activity for adults aged 45 years and older
enrolled in phase III cardiac rehabilitation. Eur J Cardio-
vasc Nurs 2012;11(1):34–43; doi: 10.1016/j.ejcnurse.2010
.11.001

229. Salmoirago-Blotcher E, Wayne PM, Dunsiger S, et al. Tai
Chi is a promising exercise option for patients with coro-
nary heart disease declining cardiac rehabilitation. J Am
Heart Assoc 2017;6(10); doi: 10.1161/JAHA.117.006603

230. Li Y, Zhang H, Wang Y. Tai Chi ameliorates coronary
heart disease by affecting serum levels of miR-24 and
miR-155. Front Physiol 2019;10:587; doi: 10.3389/fphys
.2019.00587

231. Litrownik D, Gilliam EA, Wayne PM, et al. Development
of a novel intervention (Mindful Steps) to promote long-
term walking behavior in chronic cardiopulmonary dis-
ease: Protocol for a randomized controlled trial. JMIR Res
Protoc 2021;10(4):e27826; doi: 10.2196/27826

232. Wang C, Collet JP, Lau J. The effect of Tai Chi on health
outcomes in patients with chronic conditions: A systematic
review. Arch Intern Med 2004;164(5):493–501; doi: 10
.1001/archinte.164.5.493

233. Kong LJ, Lauche R, Klose P, et al. Tai Chi for chronic
pain conditions: A systematic review and meta-analysis of
randomized controlled trials. Sci Rep 2016;6:25325; doi:
10.1038/srep25325

234. Huston P, McFarlane B. Health benefits of tai chi: What is
the evidence? Can Fam Physician 2016;62(11):881–890.

235. Zou L, Xiao T, Cao C, et al. Tai Chi for chronic illness
management: Synthesizing current evidence from meta-
analyses of randomized controlled trials. Am J Med 2021;
134(2):194–205 e12; doi: 10.1016/j.amjmed.2020.08.015

236. Qin J, Zhang Y, Wu L, et al. Effect of Tai Chi alone or as
additional therapy on low back pain: Systematic review
and meta-analysis of randomized controlled trials. Medi-
cine (Baltimore) 2019;98(37):e17099; doi: 10.1097/MD
.0000000000017099

237. Marks R. Qigong and musculoskeletal pain. Curr Rheuma-
tol Rep 2019;21(11):59; doi: 10.1007/s11926-019-0861-6

238. Girard J, Girard A. The effects of qigong on neck pain: A
systematic review. Complement Ther Clin Pract 2019;34:
23–29; doi: 10.1016/j.ctcp.2018.10.013

239. Liu Z, Hu H, Wen X, et al. Baduanjin improves neck pain
and functional movement in middle-aged and elderly peo-
ple: A systematic review and meta-analysis of randomized
controlled trials. Front Med (Lausanne) 2022;9:920102;
doi: 10.3389/fmed.2022.920102

240. Wang C, Schmid CH, Iversen MD, et al. Comparative
effectiveness of Tai Chi versus physical therapy for knee

osteoarthritis: A randomized trial. Ann Intern Med 2016;
165(2):77–86; doi: 10.7326/M15-2143

241. Zhu Q, Huang L, Wu X, et al. Effects of Tai Ji Quan train-
ing on gait kinematics in older Chinese women with knee
osteoarthritis: A randomized controlled trial. J Sport Health
Sci 2016;5(3):297–303; doi: 10.1016/j.jshs.2016.02.003

242. Li L, Cheng S, Wang G, et al. Tai chi chuan exercises
improve functional outcomes and quality of life in patients
with primary total knee arthroplasty due to knee osteoar-
thritis. Complement Ther Clin Pract 2019;35:121–125;
doi: 10.1016/j.ctcp.2019.02.003

243. Liu J, Chen L, Tu Y, et al. Different exercise modalities
relieve pain syndrome in patients with knee osteoarthritis
and modulate the dorsolateral prefrontal cortex: A multiple
mode MRI study. Brain Behav Immun 2019;82:253–263;
doi: 10.1016/j.bbi.2019.08.193

244. Chen PY, Song CY, Yen HY, et al. Impacts of tai chi exer-
cise on functional fitness in community-dwelling older
adults with mild degenerative knee osteoarthritis: A random-
ized controlled clinical trial. BMC Geriatr 2021;21(1):449;
doi: 10.1186/s12877-021-02390-9

245. Ye J, Cai S, Zhong W, et al. Effects of tai chi for patients
with knee osteoarthritis: A systematic review. J Phys Ther
Sci 2014;26(7):1133–1137; doi: 10.1589/jpts.26.1133

246. Chang WD, Chen S, Lee CL, et al. The effects of Tai Chi
Chuan on improving mind-body health for knee osteoar-
thritis patients: A systematic review and meta-analysis.
Evid Based Complement Alternat Med 2016;2016:
1813979; doi: 10.1155/2016/1813979

247. Hu L, Wang Y, Liu X, et al. Tai Chi exercise can ameliorate
physical and mental health of patients with knee osteoarthri-
tis: Systematic review and meta-analysis. Clin Rehabil
2021;35(1):64–79; doi: 10.1177/0269215520954343

248. You Y, Liu J, Tang M, et al. Effects of Tai Chi exercise on
improving walking function and posture control in elderly
patients with knee osteoarthritis: A systematic review and
meta-analysis. Medicine (Baltimore) 2021;100(16):
e25655; doi: 10.1097/MD.0000000000025655

249. Kelley GA, Kelley KS, Callahan LF. Clinical relevance of
Tai Chi on pain and physical function in adults with knee
osteoarthritis: An ancillary meta-analysis of randomized
controlled trials. Sci Prog 2022;105(2):368504221088375;
doi: 10.1177/00368504221088375

250. Ye Y, Liu A. The effectiveness of Tai Chi for knee Osteo-
arthritis: An overview of systematic reviews. Int J Gen
Med 2023;16:4499–4514; doi: 10.2147/IJGM.S434800

251. Yun HW, Kim CJ, Ahn JA, Schlenk EA. Effects of a self-
determination theory-based physical activity programme
for postmenopausal women with rheumatoid arthritis: A
randomized controlled trial. Int J Nurs Pract 2023;29(6):
e13199; doi: 10.1111/ijn.13199

252. Akyuz G, Kenis-Coskun O. The efficacy of Tai Chi and
yoga in rheumatoid arthritis and spondyloarthropathies: A
narrative biomedical review. Rheumatol Int 2018;38(3):
321–330; doi: 10.1007/s00296-017-3867-2

253. Mudano AS, Tugwell P, Wells GA, Singh JA. Tai Chi for
rheumatoid arthritis. Cochrane Database Syst Rev 2019;
9(9):CD004849; doi: 10.1002/14651858.CD004849.pub2

254. Imoto AM, Amorim FF, Palma H, et al. Evidence for the
efficacy of Tai Chi for treating rheumatoid arthritis: An over-
view of systematic reviews. Sao Paulo Med J 2021;139(2):
91–97; doi: 10.1590/1516-3180.2020.0346.R1.18112020

255. Wu H, Wang Q, Wen G, et al. The effects of Tai Chi on
physical function and safety in patients with rheumatoid

TAI CHI AND QIGONG FORWHOLE PERSON HEALTH 517

D
ow

nl
oa

de
d 

by
 H

A
R

V
A

R
D

 U
N

IV
E

R
SI

T
Y

 f
ro

m
 w

w
w

.li
eb

er
tp

ub
.c

om
 a

t 0
6/

08
/2

5.
 F

or
 p

er
so

na
l u

se
 o

nl
y.

 

http://dx.doi.org/10.1080/15412555.2021.1928037
http://dx.doi.org/10.1136/bmjresp-2020-000697
http://dx.doi.org/10.1002/14651858.CD012290.pub2
http://dx.doi.org/10.1016/j.ejcnurse.2010.11.001
http://dx.doi.org/10.1016/j.ejcnurse.2010.11.001
http://dx.doi.org/10.1161/JAHA.117.006603
http://dx.doi.org/10.3389/fphys.2019.00587
http://dx.doi.org/10.3389/fphys.2019.00587
http://dx.doi.org/10.2196/27826
http://dx.doi.org/10.1001/archinte.164.5.493
http://dx.doi.org/10.1001/archinte.164.5.493
http://dx.doi.org/10.1038/srep25325
http://dx.doi.org/10.1016/j.amjmed.2020.08.015
http://dx.doi.org/10.1097/MD.0000000000017099
http://dx.doi.org/10.1097/MD.0000000000017099
http://dx.doi.org/10.1007/s11926-019-0861-6
http://dx.doi.org/10.1016/j.ctcp.2018.10.013
http://dx.doi.org/10.3389/fmed.2022.920102
http://dx.doi.org/10.7326/M15-2143
http://dx.doi.org/10.1016/j.jshs.2016.02.003
http://dx.doi.org/10.1016/j.ctcp.2019.02.003
http://dx.doi.org/10.1016/j.bbi.2019.08.193
http://dx.doi.org/10.1186/s12877-021-02390-9
http://dx.doi.org/10.1589/jpts.26.1133
http://dx.doi.org/10.1155/2016/1813979
http://dx.doi.org/10.1177/0269215520954343
http://dx.doi.org/10.1097/MD.0000000000025655
http://dx.doi.org/10.1177/00368504221088375
http://dx.doi.org/10.2147/IJGM.S434800
http://dx.doi.org/10.1111/ijn.13199
http://dx.doi.org/10.1007/s00296-017-3867-2
http://dx.doi.org/10.1002/14651858.CD004849.pub2
http://dx.doi.org/10.1590/1516-3180.2020.0346.R1.18112020


arthritis: A systematic review and meta-analysis. Front Phys-
iol 2023;14:1260536; doi: 10.3389/fphys.2023.1079841

256. Kang H, Yang M, Li M, et al. Effects of different parame-
ters of Tai Chi on the intervention of chronic low back
pain: A meta-analysis. PLoS One 2024;19(7):e0306518;
doi: 10.1371/journal.pone.0306518

257. Wang XQ, Xiong HY, Du SH, et al. The effect and mecha-
nism of traditional Chinese exercise for chronic low back
pain in middle-aged and elderly patients: A systematic
review. Front Aging Neurosci 2022;14:935925; doi: 10
.3389/fnagi.2022.935925

258. Kong L, Ren J, Fang S, et al. Traditional Chinese exercises
on pain and disability in middle-aged and elderly patients
with neck pain: A systematic review and meta-analysis of
randomized controlled trials. Front Aging Neurosci 2022;
14:912945; doi: 10.3389/fnagi.2022.912945

259. Hall AM, Maher CG, Lam P, et al. Tai chi exercise for
treatment of pain and disability in people with persistent
low back pain: A randomized controlled trial. Arthritis
Care Res (Hoboken) 2011;63(11):1576–1583; doi: 10
.1002/acr.20594

260. Hall AM, Maher CG, Latimer J, et al. A randomized con-
trolled trial of tai chi for long-term low back pain (TAI
CHI): Study rationale, design, and methods. BMC Muscu-
loskelet Disord 2009;10:55; doi: 10.1186/1471-2474-10-55

261. Yang Y, McClusky S. A Tai Chi and qigong mind-body
program for low back pain: A virtually delkivered random-
ized controlled trial. North american Spine Society Journal
2024;20:100557.

262. Lauche R, Stumpe C, Fehr J, et al. The Effects of Tai Chi
and neck exercises in the treatment of chronic nonspecific
neck pain: A randomized controlled trial. J Pain 2016;
17(9):1013–1027; doi: 10.1016/j.jpain.2016.06.004

263. Cheung DST, Takemura N, Smith R, et al. Effect of
qigong for sleep disturbance-related symptom clusters in
cancer: A systematic review and meta-analysis. Sleep Med
2021;85:108–122; doi: 10.1016/j.sleep.2021.06.036

264. Xing R, Wang R, Zopf EM, et al. Effects of qigong exer-
cise on physical fitness and patient-reported health out-
comes in lung cancer survivors. Support Care Cancer
2024;32(2):99; doi: 10.1007/s00520-023-08296-z

265. Oh B, Butow P, Mullan B, et al. Impact of medical Qigong
on quality of life, fatigue, mood and inflammation in can-
cer patients: A randomized controlled trial. Ann Oncol
2010;21(3):608–614; doi: 10.1093/annonc/mdp479

266. Takemura N, Cheung DST, Fong DYT, et al. Comparative
effect of Tai Chi and aerobic exercise on cognitive func-
tion in advanced lung cancer survivors with perceived cog-
nitive impairment: A three-arm randomized controlled trial
with mediation analysis. J Cancer Surviv 2024; doi: 10
.1007/s11764-024-01607-1

267. Wei X, Yuan R, Yang J, et al. Effects of Baduanjin exer-
cise on cognitive function and cancer-related symptoms in
women with breast cancer receiving chemotherapy: A
randomized controlled trial. Support Care Cancer 2022;
30(7):6079–6091; doi: 10.1007/s00520-022-07015-4

268. Elkins G, Fisher W, Johnson A. Mind–Body therapies in
integrative oncology. Curr Treat Options Oncol 2010;
11(3–4):128–140; doi: 10.1007/s11864-010-0129-x

269. Gomaa S, West C, Lopez AM, et al. A Telehealth-
Delivered Tai Chi intervention (TaiChi4Joint) for manag-
ing aromatase inhibitor-induced arthralgia in patients with
breast cancer during COVID-19: Longitudinal pilot study.
JMIR Form Res 2022;6(6):e34995; doi: 10.2196/34995

270. Ye XX, Ren ZY, Vafaei S, et al. Effectiveness of Baduan-
jin exercise on quality of life and psychological health in
postoperative patients with breast cancer: A systematic
review and meta-analysis. Integr Cancer Ther 2022;21:
15347354221104092; doi: 10.1177/15347354221104092

271. Oh B, Bae K, Lamoury G, et al. The Effects of Tai Chi
and Qigong on immune responses: A systematic review
and meta-analysis. Medicines (Basel) 2020;7(7); doi: 10
.3390/medicines7070039

272. Wang R, Liu J, Chen P, Yu D. Regular tai chi exercise
decreases the percentage of type 2 cytokine-producing
cells in postsurgical non-small cell lung cancer survi-
vors. Cancer Nurs 2013;36(4):E27–E34; doi: 10.1097/
NCC.0b013e318268f7d5

273. Ni X, Chan RJ, Yates P, et al. The effects of Tai Chi on
quality of life of cancer survivors: A systematic review
and meta-analysis. Support Care Cancer 2019;27(10):
3701–3716; doi: 10.1007/s00520-019-04911-0

274. Yang L, Winters-Stone K, Rana B, et al. Tai Chi for cancer
survivors: A systematic review toward consensus-based
guidelines. Cancer Med 2021;10(21):7447–7456; doi: 10
.1002/cam4.4273

275. Meng T, Hu S-F, Cheng Y-Q, et al. Qigong for women
with breast cancer: An updated systematic review and
meta-analysis. Complement Ther Med 2021;60:102743;
doi: 10.1016/j.ctim.2021.102743

276. Mazzocco K, Milani A, Ciccarelli C, et al. Evidence for
choosing Qigong as an integrated intervention in cancer
care: An umbrella review. Cancers (Basel) 2023;15(4);
doi: 10.3390/cancers15041176

277. Sun F, Li L, Wen X, et al. The effect of Tai Chi/Qigong on
depression and anxiety symptoms in adults with Cancer: A
systematic review and meta-regression. Complement Ther
Clin Pract 2024;56:101850; doi: 10.1016/j.ctcp.2024.101850

278. Chaoul A, Milbury K, Sood AK, et al. Mind-body prac-
tices in cancer care. Curr Oncol Rep 2014;16(12):417; doi:
10.1007/s11912-014-0417-x

279. Carlson LE, Zelinski EL, Speca M, et al. Protocol for the
MATCH study (Mindfulness and Tai Chi for cancer
health): A preference-based multi-site randomized com-
parative effectiveness trial (CET) of Mindfulness-Based
Cancer Recovery (MBCR) vs. Tai Chi/Qigong (TCQ) for
cancer survivors. Contemp Clin Trials 2017;59:64–76;
doi: 10.1016/j.cct.2017.05.015

280. Yu AP, Tam BT, Lai CW, et al. Revealing the neural
mechanisms underlying the beneficial effects of Tai Chi:
A neuroimaging perspective. Am J Chin Med 2018;46(2):
231–259; doi: 10.1142/S0192415X18500131

281. Chen LZ, Yuan X, Zhang Y, et al. Brain functional spe-
cialization is enhanced among Tai Chi Chuan practi-
tioners. Arch Phys Med Rehabil 2020;101(7):1176–1182;
doi: 10.1016/j.apmr.2020.02.005

282. Han YMY, Chan MMY, Choi CXT, et al. The neurobio-
logical effects of mind-body exercise: A systematic review
and meta-analysis of neuroimaging studies. Sci Rep 2023;
13(1):10948; doi: 10.1038/s41598-023-37309-4

283. Zhang X, Zong B, Zhao W, Li L. Effects of mind-body
exercise on brain structure and function: A systematic
review on MRI studies. Brain Sci 2021;11(2); doi: 10
.3390/brainsci11020205

284. Wei GX, Dong HM, Yang Z, et al. Tai Chi Chuan opti-
mizes the functional organization of the intrinsic human
brain architecture in older adults. Front Aging Neurosci
2014;6:74; doi: 10.3389/fnagi.2014.00074

518 WAYNE ET AL.

D
ow

nl
oa

de
d 

by
 H

A
R

V
A

R
D

 U
N

IV
E

R
SI

T
Y

 f
ro

m
 w

w
w

.li
eb

er
tp

ub
.c

om
 a

t 0
6/

08
/2

5.
 F

or
 p

er
so

na
l u

se
 o

nl
y.

 

http://dx.doi.org/10.3389/fphys.2023.1079841
http://dx.doi.org/10.1371/journal.pone.0306518
http://dx.doi.org/10.3389/fnagi.2022.935925
http://dx.doi.org/10.3389/fnagi.2022.935925
http://dx.doi.org/10.3389/fnagi.2022.912945
http://dx.doi.org/10.1002/acr.20594
http://dx.doi.org/10.1002/acr.20594
http://dx.doi.org/10.1186/1471-2474-10-55
http://dx.doi.org/10.1016/j.jpain.2016.06.004
http://dx.doi.org/10.1016/j.sleep.2021.06.036
http://dx.doi.org/10.1007/s00520-023-08296-z
http://dx.doi.org/10.1093/annonc/mdp479
http://dx.doi.org/10.1007/s11764-024-01607-1
http://dx.doi.org/10.1007/s11764-024-01607-1
http://dx.doi.org/10.1007/s00520-022-07015-4
http://dx.doi.org/10.1007/s11864-010-0129-x
http://dx.doi.org/10.2196/34995
http://dx.doi.org/10.1177/15347354221104092
http://dx.doi.org/10.3390/medicines7070039
http://dx.doi.org/10.3390/medicines7070039
http://dx.doi.org/10.1097/NCC.0b013e318268f7d5
http://dx.doi.org/10.1097/NCC.0b013e318268f7d5
http://dx.doi.org/10.1007/s00520-019-04911-0
http://dx.doi.org/10.1002/cam4.4273
http://dx.doi.org/10.1002/cam4.4273
http://dx.doi.org/10.1016/j.ctim.2021.102743
http://dx.doi.org/10.3390/cancers15041176
http://dx.doi.org/10.1016/j.ctcp.2024.101850
http://dx.doi.org/10.1007/s11912-014-0417-x
http://dx.doi.org/10.1016/j.cct.2017.05.015
http://dx.doi.org/10.1142/S0192415X18500131
http://dx.doi.org/10.1016/j.apmr.2020.02.005
http://dx.doi.org/10.1038/s41598-023-37309-4
http://dx.doi.org/10.3390/brainsci11020205
http://dx.doi.org/10.3390/brainsci11020205
http://dx.doi.org/10.3389/fnagi.2014.00074


285. Tao J, Liu J, Liu W, et al. Tai Chi Chuan and Baduanjin
increase grey matter volume in older adults: A brain imaging
study. J Alzheimers Dis 2017;60(2):389–400; doi: 10.3233/
JAD-170477

286. Tao J, Chen X, Egorova N, et al. Tai Chi Chuan and
Baduanjin practice modulates functional connectivity of
the cognitive control network in older adults. Sci Rep
2017;7:41581; doi: 10.1038/srep41581

287. Liu J, Tao J, Liu W, et al. Different Modulation Effects of Tai
Chi Chuan and Baduanjin on resting state functional connectiv-
ity of the default mode network in older adults. Soc Cogn
Affect Neurosci 2019;14(2):217–224; doi: 10.1093/scan/nsz001

288. Tao J, Liu J, Egorova N, et al. Increased Hippocampus-
Medial prefrontal cortex resting-state functional connectiv-
ity and memory function after Tai Chi Chuan practice in
elder adults. Front Aging Neurosci 2016;8:25; doi: 10
.3389/fnagi.2016.00025

289. Tao J, Chen X, Liu J, et al. Tai Chi Chuan and Baduanjin
mind-body training changes resting-state low-frequency
fluctuations in the frontal lobe of older adults: A resting-
state fMRI study. Front Hum Neurosci 2017;11:514; doi:
10.3389/fnhum.2017.00514

290. Liu J, Chen L, Chen X, et al. Modulatory effects of differ-
ent exercise modalities on the functional connectivity of
the periaqueductal grey and ventral tegmental area in
patients with knee osteoarthritis: A randomised multimo-
dal magnetic resonance imaging study. Br J Anaesth 2019;
123(4):506–518; doi: 10.1016/j.bja.2019.06.017

291. Liu J, Liu W, Huang J, et al. The modulation effects of the
mind-body and physical exercises on the basolateral
amygdala-temporal pole pathway on individuals with knee
osteoarthritis. Int J Clin Health Psychol 2024;24(1):
100421; doi: 10.1016/j.ijchp.2023.100421

292. Yue C, Zhang Y, Jian M, et al. Differential effects of Tai
Chi Chuan (Motor-Cognitive Training) and walking on
brain networks: A resting-state fMRI study in Chinese
women aged 60. Healthcare (Basel) 2020;8(1); doi: 10
.3390/healthcare8010067

293. Hosang L, Flugel A, Odoardi F. Body-brain axis: Orches-
trating immune responses. Cell Res 2024;34(11):757–758;
doi: 10.1038/s41422-024-01004-4

294. Irwin MR, Cole SW. Reciprocal regulation of the neural
and innate immune systems. Nat Rev Immunol 2011;
11(9):625–632; doi: 10.1038/nri3042

295. Rebello-Sanchez I, Vasquez Avila K, Parente J, et al. Insights
and Future Directions on the Combined Effects of Mind-Body
Therapies with Transcranial Direct Current Stimulation: An
Evidence-Based Review. ISPRM 2022- in press.

296. Kong J. Can mind-body exercises be a solution for an
aging/aged society? Brain Behav Immun 2021; doi: 10
.1016/j.bbi.2021.05.029

297. Xu Y, Zhu J, Liu H, et al. Effects of Tai Chi combined
with tDCS on cognitive function in patients with MCI: A
randomized controlled trial. Front Public Health 2023;11:
1199246; doi: 10.3389/fpubh.2023.1199246

298. Collaborators GAR. Global mortality associated with 33
bacterial pathogens in 2019: A systematic analysis for
the Global Burden of Disease Study 2019. Lancet 2022;
400(2):221–248.

299. Baker RE, Mahmud AS, Miller IF, et al. Infectious disease
in an era of global change. Nat Rev Microbiol 2022;20(4):
193–205; doi: 10.1038/s41579-021-00639-z

300. Zimmermann P, Curtis N. Factors that influence the
immune response to vaccination. Clin Microbiol Rev
2019;32(2); doi: 10.1128/CMR.00084-18

301. Dinas PC, Koutedakis Y, Ioannou LG, et al. Effects of
exercise and physical activity levels on vaccination effi-
cacy: A systematic review and meta-analysis. Vaccines
(Basel) 2022;10(5); doi: 10.3390/vaccines10050769

302. Chastin SFM, Abaraogu U, Bourgois JG, et al. Effects of reg-
ular physical activity on the immune system, vaccination and
risk of community-acquired infectious disease in the general
population: Systematic review and meta-analysis. Sports
Med 2021;51(8):1673–1686; doi: 10.1007/s40279-021-01466-1

303. Miller GE, Cohen S, Pressman S, et al. Psychological
stress and antibody response to influenza vaccination:
When is the critical period for stress, and how does it get
inside the body? Psychosom Med 2004;66(2):215–223.

304. Spiegel K, Rey AE, Cheylus A, et al. A meta-analysis of
the associations between insufficient sleep duration and
antibody response to vaccination. Curr Biol 2023;33(5):
998–1005 e2; doi: 10.1016/j.cub.2023.02.017

305. Irwin MR. Why sleep is important for health: A psycho-
neuroimmunology perspective. Annu Rev Psychol 2015;
66:143–172; doi: 10.1146/annurev-psych-010213-115205

306. Irwin MR, Olmstead R, Oxman MN. Augmenting immune
responses to varicella zoster virus in older adults: A
randomized, controlled trial of Tai Chi. Multicenter Study
Randomized Controlled Trial Research Support, N.I.H.,
Extramural [Database] Research Support, U.S. Gov’t,
Non-P.H.S. J American Geriatrics Society 2007;55(4):
511–517; doi: 10.1111/j.1532-5415.2007.01109.x

307. Furman D, Campisi J, Verdin E, et al. Chronic inflammation
in the etiology of disease across the life span. Nat Med 2019;
25(12):1822–1832; doi: 10.1038/s41591-019-0675-0

308. Irwin MR. Sleep and inflammation: Partners in sickness
and in health. Nat Rev Immunol 2019;19(11):702–715;
doi: 10.1038/s41577-019-0190-z

309. Slavich GM, Irwin MR. From stress to inflammation and
major depressive disorder: A social signal transduction
theory of depression. Psychol Bull 2014;140(3):774–815;
doi: 10.1037/a0035302

310. Pascual G, Glass CK. Nuclear receptors versus inflamma-
tion: Mechanisms of transrepression. Trends Endocrinol
Metab 2006;17(8):321–327; doi: 10.1016/j.tem.2006.08.005

311. Irwin MR, Hoang D, Olmstead R, et al. Tai Chi compared
with cognitive behavioral therapy and the reversal of sys-
temic, cellular and genomic markers of inflammation in
breast cancer survivors with insomnia: A randomized clin-
ical trial. Brain Behav Immun 2024;120:159–166; doi: 10
.1016/j.bbi.2024.05.022

312. Motivala S, Thayer DT, Irwin MR. Tai Chi Chih acutely
decreases sympathetic outflow in older adults. Psychoso-
matic Medicine 2005.

313. Vera FM, Manzaneque JM, Rodriguez FM, et al. Acute
effects on the counts of innate and adaptive immune response
cells after 1 month of Taoist Qigong practice. Int J Behav
Med 2016;23(2):198–203; doi: 10.1007/s12529-015-9509-8

314. Belal M, Vijayakumar V, Prasad KN, Jois SN. Perception
of subtle energy “Prana”, and Its effects during biofield
practices: A qualitative meta-synthesis. Glob Adv Integr
Med Health 2023;12:27536130231200477; doi: 10.1177/
27536130231200477

315. Zhang YH, Rose K. A Brief History of Qi. Paradigm Pub-
lications; 2001.

TAI CHI AND QIGONG FORWHOLE PERSON HEALTH 519

D
ow

nl
oa

de
d 

by
 H

A
R

V
A

R
D

 U
N

IV
E

R
SI

T
Y

 f
ro

m
 w

w
w

.li
eb

er
tp

ub
.c

om
 a

t 0
6/

08
/2

5.
 F

or
 p

er
so

na
l u

se
 o

nl
y.

 

http://dx.doi.org/10.3233/JAD-170477
http://dx.doi.org/10.3233/JAD-170477
http://dx.doi.org/10.1038/srep41581
http://dx.doi.org/10.1093/scan/nsz001
http://dx.doi.org/10.3389/fnagi.2016.00025
http://dx.doi.org/10.3389/fnagi.2016.00025
http://dx.doi.org/10.3389/fnhum.2017.00514
http://dx.doi.org/10.1016/j.bja.2019.06.017
http://dx.doi.org/10.1016/j.ijchp.2023.100421
http://dx.doi.org/10.3390/healthcare8010067
http://dx.doi.org/10.3390/healthcare8010067
http://dx.doi.org/10.1038/s41422-024-01004-4
http://dx.doi.org/10.1038/nri3042
http://dx.doi.org/10.1016/j.bbi.2021.05.029
http://dx.doi.org/10.1016/j.bbi.2021.05.029
http://dx.doi.org/10.3389/fpubh.2023.1199246
http://dx.doi.org/10.1038/s41579-021-00639-z
http://dx.doi.org/10.1128/CMR.00084-18
http://dx.doi.org/10.3390/vaccines10050769
http://dx.doi.org/10.1007/s40279-021-01466-1
http://dx.doi.org/10.1016/j.cub.2023.02.017
http://dx.doi.org/10.1146/annurev-psych-010213-115205
http://dx.doi.org/10.1111/j.1532-5415.2007.01109.x
http://dx.doi.org/10.1038/s41591-019-0675-0
http://dx.doi.org/10.1038/s41577-019-0190-z
http://dx.doi.org/10.1037/a0035302
http://dx.doi.org/10.1016/j.tem.2006.08.005
http://dx.doi.org/10.1016/j.bbi.2024.05.022
http://dx.doi.org/10.1016/j.bbi.2024.05.022
http://dx.doi.org/10.1007/s12529-015-9509-8
http://dx.doi.org/10.1177/27536130231200477
http://dx.doi.org/10.1177/27536130231200477


316. Hammerschlag R, Sprengel M, Baldwin AL. Biofield
therapies: Guidelines for reporting clinical trials. J Integr
Complement Med 2024;30(2):133–145; doi: 10.1089/jicm
.2024.29128.rh

317. Hammerschlag R, Marx BL, Aickin M. Nontouch biofield
therapy: A systematic review of human randomized con-
trolled trials reporting use of only nonphysical contact treat-
ment. J Altern Complement Med 2014;20(12):881–892;
doi: 10.1089/acm.2014.0017

318. Yao WX, Ge S, Zhang JQ, et al. Bilateral transfer of motor
performance as a function of motor imagery training: A
systematic review and meta-analysis. Front Psychol 2023;
14:1187175; doi: 10.3389/fpsyg.2023.1187175

319. Dello Iacono A, Ashcroft K, Zubac D. Ain’t Just Imagina-
tion! Effects of motor imagery training on strength and
power performance of athletes during detraining. Med Sci
Sports Exerc 2021;53(11):2324–2332; doi: 10.1249/MSS
.0000000000002706

320. Paravlic AH, Pisot R, Marusic U. Specific and general
adaptations following motor imagery practice focused on
muscle strength in total knee arthroplasty rehabilitation: A
randomized controlled trial. PLoS One 2019;14(8):
e0221089; doi: 10.1371/journal.pone.0221089

321. Zhao LJ, Jiang LH, Zhang H, et al. Effects of motor imagery
training for lower limb dysfunction in patients with stroke:
A systematic review and meta-analysis of randomized con-
trolled trials. Am J Phys Med Rehabil 2023;102(5):409–418;
doi: 10.1097/PHM.0000000000002107

322. Liu Y, Han Q, Li Z, et al. Evidence of motor imagery for
lower limb motor function recovery after stroke: A system-
atic review and meta-analysis of randomized controlled tri-
als. Medicine (Baltimore) 2023;102(34):e34663; doi: 10
.1097/MD.0000000000034663

323. Monteiro KB, Cardoso MDS, Cabral V, et al. Effects of
motor imagery as a complementary resource on the reha-
bilitation of stroke patients: A meta-analysis of random-
ized trials. J Stroke Cerebrovasc Dis 2021;30(8):105876;
doi: 10.1016/j.jstrokecerebrovasdis.2021.105876

324. Pascual-Leone A, Nguyet D, Cohen LG, et al. Modulation of
muscle responses evoked by transcranial magnetic stimulation
during the acquisition of new fine motor skills. J Neurophysiol
1995;74(3):1037–1045; doi: 10.1152/jn.1995.74.3.1037

325. Chia M, Jan A. Tai Chi Fa Jin: Advanced Techniques for
Discharging Chi Energy. Destiny Books 2012:288.

326. Frantzis B. The Power of Internal Martial Arts: Combat
Secrets of Ba Gua, Tai Chi, and Hsing-I. North Atlantic
Books; 1998.

327. Walters S, Hoffman B, MacAskill W, et al. The control of
respiratory pressures and neuromuscular activation to increase
force production in trained martial arts practitioners. Eur J
Appl Physiol 2021;121(12):3333–3347; doi: 10.1007/s00421-
021-04800-7

328. Yang P, Rhea PR, Conway T, et al. Human biofield ther-
apy modulates tumor microenvironment and cancer stem-
ness in mouse lung carcinoma. Integr Cancer Ther 2020;
19:1534735420940398; doi: 10.1177/1534735420940398

329. Ahn AC, Colbert AP, Anderson BJ, et al. Electrical properties
of acupuncture points and meridians: A systematic review. Bio-
electromagnetics 2008;29(4):245–256; doi: 10.1002/bem.20403

330. Ma SX. Low electrical resistance properties of acupoints:
Roles of NOergic signaling molecules and neuropeptides
in skin electrical conductance. Chin J Integr Med 2021;
27(8):563–569; doi: 10.1007/s11655-021-3318-5

331. Li T, Tang BQ, Zhang WB, et al. In Vivo visualization of
the pericardium meridian with fluorescent dyes. Evid
Based Complement Alternat Med 2021;2021:5581227;
doi: 10.1155/2021/5581227

332. Ahn AC, Schnyer R, Conboy L, et al. Electrodermal measures
of Jing-Well points and their clinical relevance in
endometriosis-related chronic pelvic pain. J Altern Complement
Med 2009;15(12):1293–1305; doi: 10.1089/acm.2008.0597

333. Pio-Lopez L, Levin M. Morphoceuticals: Perspectives for dis-
covery of drugs targeting anatomical control mechanisms in
regenerative medicine, cancer and aging. Drug Discov Today
2023;28(6):103585; doi: 10.1016/j.drudis.2023.103585

334. Pio-Lopez L, Levin M. Aging as a loss of morphostatic infor-
mation: A developmental bioelectricity perspective. Ageing
Res Rev 2024;97:102310; doi: 10.1016/j.arr.2024.102310

335. Levin M, Martyniuk CJ. The bioelectric code: An ancient
computational medium for dynamic control of growth and
form. Biosystems 2018;164:76–93; doi: 10.1016/j.biosystems
.2017.08.009

336. Mathews J, Levin M. The body electric 2.0: Recent advan-
ces in developmental bioelectricity for regenerative and
synthetic bioengineering. Curr Opin Biotechnol 2018;52:
134–144; doi: 10.1016/j.copbio.2018.03.008

337. Levin M. Endogenous bioelectrical networks store non-
genetic patterning information during development and
regeneration. J Physiol 2014;592(11):2295–2305; doi: 10
.1113/jphysiol.2014.271940

338. Levin M. Molecular bioelectricity: How endogenous volt-
age potentials control cell behavior and instruct pattern
regulation in vivo. Mol Biol Cell 2014;25(24):3835–3850;
doi: 10.1091/mbc.E13-12-0708

339. McCaig CD, Song B, Rajnicek AM. Electrical dimensions
in cell science. J Cell Sci 2009;122(Pt 23):4267–4276; doi:
10.1242/jcs.023564

340. Sheth M, Esfandiari L. Bioelectric dysregulation in cancer
initiation, promotion, and progression. Front Oncol 2022;
12:846917; doi: 10.3389/fonc.2022.846917

Address correspondence to:
Peter M. Wayne, PhD

Osher Center for Integrative Health
Harvard Medical School and Brigham and Women’s Hospital

900 Commonwealth Ave
Boston, MA 02215

USA

E-mail: pwayne@bwh.harvard.edu

520 WAYNE ET AL.

D
ow

nl
oa

de
d 

by
 H

A
R

V
A

R
D

 U
N

IV
E

R
SI

T
Y

 f
ro

m
 w

w
w

.li
eb

er
tp

ub
.c

om
 a

t 0
6/

08
/2

5.
 F

or
 p

er
so

na
l u

se
 o

nl
y.

 

http://dx.doi.org/10.1089/jicm.2024.29128.rh
http://dx.doi.org/10.1089/jicm.2024.29128.rh
http://dx.doi.org/10.1089/acm.2014.0017
http://dx.doi.org/10.3389/fpsyg.2023.1187175
http://dx.doi.org/10.1249/MSS.0000000000002706
http://dx.doi.org/10.1249/MSS.0000000000002706
http://dx.doi.org/10.1371/journal.pone.0221089
http://dx.doi.org/10.1097/PHM.0000000000002107
http://dx.doi.org/10.1097/MD.0000000000034663
http://dx.doi.org/10.1097/MD.0000000000034663
http://dx.doi.org/10.1016/j.jstrokecerebrovasdis.2021.105876
http://dx.doi.org/10.1152/jn.1995.74.3.1037
http://dx.doi.org/10.1007/s00421-021-04800-7
http://dx.doi.org/10.1007/s00421-021-04800-7
http://dx.doi.org/10.1177/1534735420940398
http://dx.doi.org/10.1002/bem.20403
http://dx.doi.org/10.1007/s11655-021-3318-5
http://dx.doi.org/10.1155/2021/5581227
http://dx.doi.org/10.1089/acm.2008.0597
http://dx.doi.org/10.1016/j.drudis.2023.103585
http://dx.doi.org/10.1016/j.arr.2024.102310
http://dx.doi.org/10.1016/j.biosystems.2017.08.009
http://dx.doi.org/10.1016/j.biosystems.2017.08.009
http://dx.doi.org/10.1016/j.copbio.2018.03.008
http://dx.doi.org/10.1113/jphysiol.2014.271940
http://dx.doi.org/10.1113/jphysiol.2014.271940
http://dx.doi.org/10.1091/mbc.E13-12-0708
http://dx.doi.org/10.1242/jcs.023564
http://dx.doi.org/10.3389/fonc.2022.846917
mailto:pwayne@bwh.harvard.edu

