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Abstract: Rising concerns about the short- and long-term detrimental consequences of administration
of conventional pharmacopeia are fueling the search for alternative, complementary, personalized,
and comprehensive approaches to human healthcare. Qigong, a form of Traditional Chinese Medicine,
represents a viable alternative approach. Here, we started with the practical, philosophical, and
psychological background of Ki (in Japanese) or Qi (in Chinese) and their relationship to Qigong
theory and clinical application. Noting the drawbacks of the current state of Qigong clinic, herein we
propose that to manage the unique aspects of the Eastern ‘non-linearity’ and ‘holistic’ approach, it
needs to be integrated with the Western “linearity” “one-direction” approach. This is done through
developing the concepts of “Qigong breathing signatures,” which can define our life breathing
patterns associated with diseases using machine learning technology. We predict that this can be
achieved by establishing an artificial intelligence (AI)-Medicine training camp of databases, which will
integrate Qigong-like breathing patterns with different pathologies unique to individuals. Such an
integrated connection will allow the AI-Medicine algorithm to identify breathing patterns and guide
medical intervention. This unique view of potentially connecting Eastern Medicine and Western
Technology can further add a novel insight to our current understanding of both Western and Eastern
medicine, thereby establishing a vitality score index (VSI) that can predict the outcomes of lifestyle
behaviors and medical conditions.
Keywords: Qigong; breathing signature; vitality score index; AI Medicine; AI deep learning; immune;
inflammation; tissue microenvironment; holistic care; telomerase activity; traditional Chinese medicine
(TCM)
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1. Background
Breathing is essential for life, as shown by the 2019 Nobel Prize in Physiology or Medicine awarded
jointly to cancer researcher William G. Kaelin Jr. (O2 sensing, VHL gene [1]), physician-scientist Sir
Peter J. Ratcliffe (HIF-mediated hypoxia signaling, [2]), and geneticist Gregg L. Semenza (hypoxia and
cancer, [3]) “for their discoveries of how cells sense and adapt to oxygen availability.” Life is as good as
breathing, as organisms sense O2 levels crucial not only for a developing fetus but also for wellness of a
mature individual, as well as for tumor growth. Lack of breathing (deprivation of O2 ) leads to hypoxia,
causing severity such as fetus death, ischemic heart (myocardial infarction [4], and stroke ([5]), as well
as brain injury (learning and memory deficits that are related to loss of CA3 pyramidal neurons [6]).
Reflecting on history, researchers can track back to “The Principles of Yellow Emperor’s Internal Medicine”
(in Chinese pinyin: HuangdiNeijing《黄帝内经》), known as the Bible of Traditional Chinese Medicine
(TCM), which was published over 2500 years ago, as a 200,000-word definitive document [7]. This
classic reference defines specific pathways of energy flow within the human body, the meridian
channels, and their connections. Interestingly, meridian networks are reproduced by identified TCM
practitioners but have thus far defied identification by western diagnostic technologies.
Qi, known as a force, an energy flow, a fluid in the body, is a fundamental concept in TCM, Eastern
medicine, and Eastern philosophy. The Qi of the human body flows along these meridians that conduct
the inter-organ electrical conductance, by which Qigong increases physiological functions significantly
(p < 0.05). As an example, a significant positive correlation exists between kidney meridian electrical
conductance and pericardium meridian electrical conductance, compared with baseline values of the
non-practitioners [8]. The human body becomes ill when the normal Qi flow is perturbed. Qigong
represents an ancient Chinese therapeutic modality focused upon normalizing and sustaining healthy
Qi flow through these meridians.
According to textual research, the word “Qigong” was first conceived in the book Jingming
Religious Record 《净明宗教录》 written by Xu Xun (许逊), a Taoist scholar during the Jin Dynasty (A.D.
266–420). In general, breathing force, i.e., Qi (oxygen flow along with bloodstream), in the human body
is analogous to the potential energy of water on a high mountain, flowing down defined channels
traveling through defined routes. Qigong exercises purportedly facilitate the momentum of “Qi,”
normalizing energy streaming through meridians, promoting health.
As part of TCM practice, Qigong is a body-mind coordinating exercise that combines bodyadjustment, breathing-adjustment, and mind-adjustment. In terms of modern medicine of behavioral
therapy, Qigong exercise targets behavioral learning and training that is beneficial to mental and
physical health. With practice, Qigong becomes an established conditioned reflex behavior, promoting
therapeutic impact.
So, what exactly does Qigong Exercise involve? Qigong consists of two elements: “Qi” (breathing)
and “gong” (the functional consequence of Qi practice). The answer is complicated as many schools of
Qigong practitioners (hardcore Qigong, Kungfu Qigong, soft Qigong, Tai Chi Qigong, Buddha Qigong)
have been documented through 2000 years fundamentally. The practice of Qigong is involved in its
breadth of average health, by synchronizing breathing and movement. It is characterized by practiced
efforts to integrate body-adjustment, mind-adjustment, breathing-adjustment, and other physical
activities for a state of harmony, realizing mind, body, and spiritual equilibrium. For example, Buddha
Qigong practitioner can go through the following five levels of sight in accomplishment (the functional
consequence of Qi practice): First level: The practitioner can only see things that are in front of them,
not what is behind them. The second level is to Open the Heavenly Eye (or Third Eye) which enables
the practitioner to see more than what is in front of them, such as seeing through things and seeing far
away. Third level is to Open the Wisdom Eye, including “Many Eyes” (they can see the same thing
from different perspectives), “Analyzing Eye” (which can not only see something but understand it),
“Chasing Eye” (when one can trace something back to whom it belongs), and “Predicting Eye” (they
can see the future). The forth level is to Open the Universal Eye (they can move things around without
touching them (telekinesis)). The fifth level is to Open the Buddha’s Eye (they can bring healing effects
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to anyone who approaches them without them even intending to do so. Their possessions have the
same healing properties, e.g., their pens, business cards, and clothes can all be used to treat disease)
(http://www.qigongchinesehealth.com/5 levels of sight, as accessed on 11 October 2019).
Research on Qigong mechanisms of action models Eastern exercise toward Western theory,
including stimulation of meridians through mental intent, acupressure, and self-massage [9]. This
article will focus on the breathing-adjustment of Qigong for the adjustment of body state, which offers
an integrating point to a broad spectrum of establishing artificial intelligence (AI)-Medicine training
databases, thereby providing a vitality score system for breathing patterns with different pathologies
unique to individuals.
2. Clinical Significance
Breathing-adjustment is an essential component of Qigong. It includes external breathing, the
exchange of external inspired and expired air interfacing with blood flow in the lungs, and internal
respiration represented by the exchange of gasses between blood and peripheral tissues. The primary
purpose of Qigong breathing is to adjust external breathing for better lung function. Potential
utilization of respiratory function in normal breathing represents less than 20% capacity of lung
function. The unused lung potential may degenerate and even physically atrophy. Dysfunctional
lungs lead to a hypoxic microenvironment within tissues, thereby triggering hypoxia-induced cell
injury or death in cerebral ischemia. This is the second leading cause of death and disability
worldwide, most likely through mitochondrial-stress and caspase-dependent pathways [10], such as
simultaneous downregulation of HIF-1α/FASN [11]. Lung diseases with hypoxia are complicated
by pulmonary hypertension, leading to heart failure and death, the leading cause of death
worldwide [12]. Other incurable chronic diseases of persistent inflammatory states are associated
with hypoxic-microenvironment, resulting in loss of their adaptive responses and, eventually, the
development of fibrosis and fixed microvascular deficits [13].
The deep breathing exercises of Qigong can revive the unutilized respiratory function of the
lungs. Qigong breathing practices not only mediate a reduction in the inflammatory but also enhance
anti-inflammatory gene expression [14]. Such Qigong-style profound breathing effects upon pulmonary
function exhibited statistically improved body mass index (BMI) and vital capacity (VC), as shown by
the time-resolved quantitative analysis of diaphragm motion with dynamic chest radiography in a
cohort of 174 patients [15]. Qigong breathing exercises offer promising efficacy in patients with type
2 diabetes mellitus (T2DM), as shown in randomized, controlled pilot studies. These exercises also
positively affect clinical parameters of type II Diabetes Mellitus, including blood glucose, triglycerides,
total cholesterol, weight, BMI, and insulin resistance [16].
Of note: Qigong breathing differs from Diaphragmatic Breathing. The diaphragm is a large,
dome-shaped muscle located at the base of the lungs. A medical device to monitor diaphragmatic
breathing help patients use the diaphragm correctly to cure asthma [17], from which more than six
million children in the United States suffer. Qigong breathing can help medically underserved oncology
patients [18]. Even though reports show the efficacy of Qigong practice for some patients; however,
inconsistency has been noted because no standard procedure has been made. Some questions remain
to be elucidated, such as “What can clinicians do to adopt this approach?”, “How is Qigong-dosage
calculated?”, and “Can clients do Qigong on their own?”. All of these questions demand to study
how Qigong regulates human health. The mechanism of action for the therapeutic breathing of the
Qigong practice is not fully illustrated; however, we can have some glimpse into the functional aspects
of Qigong, as follows.
3. Mechanism of Action for Practice of Breathing
Life can be defined as the constant process of absorbing and consuming energy, inhaling fresh air
and nutrients, and exhaling spent gases and waste products. Specifically, breathing in enough oxygen
(O2 ) is required for biological activity and survival of animals and humans. Lack of deprivation of O2
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in local tissues or the whole-body (termed hypoxia) causes the metabolic crisis, affecting physiological
functions and viability [19]. The main goal of the Qigong breathing-adjustment is to exercise the lungs
to improve the efficiency of the absorptive potential of the respiratory system. Anions and activated
O2 in the air are known as “air vitamins,” which have the functions of cleaning blood, increasing cell
activity, and enhancing immune function [20]. During Qigong breathing exercises, fingers may feel
distended, which is believed to represent improved O2 delivery throughout the microcirculation of the
human body [21].
Modern medicine has proved that adequate oxygen can delay the aging process and disease
onset of the heart, brain, lung, spleen, liver, kidney, and other essential organs of the human body.
Qigong exercises can be preventing or even curing disease and reduce the chance of sudden onset
of persistent diseases. Breathing-adjustment requires exercise in a peaceful state. It requires the
practitioner to coordinate body–mind–spirit balance to keep the body relaxed in a natural state.
It requires the practitioner to breathe gently, reducing oxygen consumption and decreasing heart rate
and blood pressure. Qigong practitioners practice breathing exercises affecting different functional
states, including running-Qi, nourishing-Qi, and emitting-Qi.
The training of mind adjustment, breathing adjustment, and body adjustment coordinate
mind-body-shape for the human body through the exercise and then make the body more energetic and
coordinate well. On the other hand, through the coordination exercise between mind and body, Qigong
training can improve the function of tissues and organs and enhance physical fitness. Through the
balanced movement of the mind and body, the human body is prevented from deteriorating, and the
functions of the tissues and organs of the body are improved from the inside radiating outward. In the
end, it will achieve the purpose of enhancing physical fitness, preventing disease and curing diseases,
improving human immunity, and promoting physical and mental health. Through long-term adherence
to Qigong Breathing practice, humans can improve and alleviate diseases such as cardiovascular and
cerebrovascular conditions, respiratory system, cardiopulmonary function, and sub-health population.
Qigong is a traditional method for healthcare and disease preservation in China. The theory of
meridians, acupoints, and Qixue (O2 -blood flow) is the theoretical basis of Qigong in China. It is an
integral part of traditional Chinese medicine (TCM). Indeed, retrospectively speaking, Confucianism,
Taoism, Buddhism, and Wushu (Kungfu): All of these TCM theoretical schools have their points
of view in the understanding of Qigong. The relationship between Qigong and Chinese traditional
Wushu (Kungfu) is inseparable. Among the Chinese Wushu (i.e., Kungfu as known in Western culture),
Hard Qigong (a type of Kungfu to strengthen the muscle elasticity and toughness) shows some of the
most amazing results. With the development of science and technology, different knowledge and many
kinds of techniques can be used to investigate and understand the mechanisms of action of Qigong
and to explore more effects of Qigong for a better benefit to the people.
Interestingly, to determine the mechanism of Qigong’s action in physics, a physical form of Qigong
breathing is captured as a ‘Ki-beam’ that carries ‘entropy’ (or information). Such Ki-energy exhibits
near-infrared radiation, the wavelength is between 800 and 2700 nm, with peak around 1000 nm,
showing a ‘sensitive’ distance of 100 m„ as measured by the Stimulated Emission of Radiation’ (i.e.,
LASER) for the generation of Ki-energy, from 37 Qigong participants in the United States through the
Nishino Breathing Method [22]. Qigong breathing can lead the natural flow of Ki through the body to
achieve harmony for the effects of complementary and alternative medicine [23]. Qigong breathing
allows a practitioner to emit Ki-energy in the NIR spectrum, which can travel 100-m and mediate
physical effects upon targets within that diameter.
Along the line of above normal physiology, a clinical trial (NCT02060123), which enrolled 240
abused women, aged ≥18 years, who suffered from chronic psychological stress, showed shorter
telomeres than non-abused women. Amazingly, upon Qigong exercise, the abused women obtained
the increased activity of telomerase, an enzyme that counters telomere shortening [24]. The findings
indicate that Qigong breathing practice behaviors can relieve the effects of intimate partner violence
(IPV)-related psychological stress on health, and slow down cellular aging via telomerase.
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Another report presented results on sixty-four participants that were randomly assigned to either a
Qigong breathing group or a control group, measuring fatigue symptoms, physical functioning, mental
functioning, and telomerase activity. They found that “Fatigue symptoms and mental functioning were
significantly improved in the qigong group compared to controls. Telomerase activity increased in the
qigong group from 0.102 to 0.178 arbitrary units (p < 0.05). The change was statistically significant
when compared to the control group (p < 0.05).” Thus, they concluded, “Qigong exercise may be used
as an alternative and complementary therapy or rehabilitative program for chronic fatigue and chronic
fatigue syndrome” [25].
The other functional impacts of Qigong breathing include:
(1) Promoting active energy flow through the meridians of the entire body (heat generation to
warm up the body for thermal therapeutics).
(2) Enhancing blood flow to oxygenate body organs for detoxication, such as removal of
inflammatory molecules out of injured tissue loci.
(3) Influencing the tissue microenvironment through mechanosensing subcellular organelle like
caveolae [26]—“Cells and their extracellular matrix exhibit a dynamic reciprocity in the growth and
formation of tissue through mechanotransduction and continuously adapt to physical cues in their
environment through gene, protein, and cytokine expression” [27].
(4) Emerging data showed that Qi is affected by certain pharmaceuticals, such as an SMS recipe
that was comprised of Ginseng Radix (GR, a Qi-invigorating herb), Ophiopogonis Radix (OR, a
Yin-nourishing herb), and Schisandrae Fructus (SF, an “astringent” herb). SF also possesses antioxidant
and anti-inflammatory actions, which are likely to synergize the actions of GR and OR. The elucidation
of the biochemical basis underlying the pharmacological actions of SMS (ShengMai San and its
component herbs) can serve as a paradigm for the modernization of traditional Chinese herbal
formulations used in treating disease [28]. What have we learned from acupuncture research for
fibromyalgia (FM)? FM affects 1.75% of the population, which is characterized by widespread chronic
pain in muscles and joints and associated with central sensitization of controlling irritable bowel,
irritable bladder, and headache, fatigue, poor cognition, unrefreshed sleep, and mood disturbance.
New evidence shows efficacy of Qi-treatment on all of these syndromes [18].
(5) Improving sleep is to help regeneration of tissue functions [29].
(6) Determining “cut-off values for neonatal SpO2 (reference values for oxygen saturation) at
mild and moderate altitudes and to provide new values for pediatricians to refer to when screening
neonates for severe congenital heart or lung diseases” [30].
All of these can allow deciding a better healthcare strategy.
4. Comprehensive Healthcare by Integrating Western Medicine with TCM
Western medicine and TCM often allude to one other, yet they have so far failed to directly converge,
allowing for synergy of each other’s knowledge in advancing integrated theories. Strengthening
this interaction benefits both disciplines: Western medicine constrains our understanding of the
disease-focused approach, TCM can expand the Western view on medicine to enhance overall
mind-body-spirit health to support healing and improve quality of life. Artificial Intelligence may
provide a novel theoretical framework to accelerate the integration of TCM and Western clinical
medicine theory and physiology.
Holistic care (TCM) supporting digital, artificial intelligence medicine (AI Medicine) may provide a
novel tool for evaluating the efficacy and guiding the practices of Qigong, supplementing comprehensive
human health. Like the practice of Yoga and Zen, Qigong breathing promotes the development of a
healthier lifestyle. Key to leveraging an improved therapeutic appreciation of the currently marginalized
perception of Qigong beneficial effects of Qigong breathing on health and diseases augmented by
developing the concepts of “breathing signatures”, which defines our life breathing patterns, may
promote a natural, pure and healthier breathing style for daily life. Specifically, the most visible
AI-Medicine integrated algorithm will bridge both present realities of heart-beat and pulse measurement
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Specifically, the most visible AI-Medicine integrated algorithm will bridge both present realities of
heart-beat and pulse measurement (related to breathing) and more speculative scenarios of breathing
(related to breathing) and more speculative scenarios of breathing patterns for predictive and preventive
patterns for predictive and preventive medicine, leading to measure breathing signature and its
medicine, leading to measure breathing signature and its derived vitality score index (VSI).
derived vitality score index (VSI).

5. The Concept
5. The Concept
Monitoring a daily vitality score index (VSI) plays an indispensable role in disease prevention.
Monitoring a daily vitality score index (VSI) plays an indispensable role in disease prevention.
The VSI can be defined by an algorithm that integrates all parameters, including heartbeat, pulse,
The VSI can be defined by an algorithm that integrates all parameters, including heartbeat, pulse,
breathing patterns, lifestyle, exercise, diet, and other physiological activities, derived from modern
breathing patterns, lifestyle, exercise, diet, and other physiological activities, derived from modern
technology and AI-Medicine (below) (Figure 1). Currently, TCM practitioners can intuitively diagnose
technology and AI-Medicine (below) (Figure 1). Currently, TCM practitioners can intuitively
specific breathing signatures in health and disease. Physical breathing signatures of health and disease
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many ways. Already, AI solutions are being deployed and having a significant impact on healthcare.
(Credits: All images belong to Google images. AIMed logo designer: Anthony C. Chang, MD, MPH,
MBA, at CHOC Children’s Hospital).

6. Technology and AI Medicine
Currently, the healthcare industry uses artificial intelligence (AI) to help turn breathing pattern data
into knowledge-based medicine (AI Medicine), with the ultimate goal of using it to inform therapeutic
interventions and improve patient outcomes (Table 1). Such a unique view of potentially connecting
Eastern Medicine and Western Technology can add a novel insight into our current understanding of
both Western and Eastern medicine (Figure 1).
Table 1. Artificial intelligence-integrated health management of breathing patterns and heartbeat/
pulse patterns.
Technology of Medical
Measurement

Evidence-Based Wellness and
Maintenance

Disease-Centric Parameters of
Personalized Strategies

References

Hypoxia

hypoxia-inducible factors (HIFs).

hypoxia-ischemia

[19]

Local/regional
hypoxia

Hippocampus

CA3 pyramidal neurons

[6]

Whole-body
hypoxia

Heart functions

myocardial infarction

[4]

Breathing patterns

Non-Invasive Stretchable and
Wearable Respiratory Rate Sensor
for respiration rate

[32]

e-Health nasal sensor (consists of
a passive and non-invasive
single-lead electrocardiogram
(ECG) acquisition module and an
ECG-derived respiratory (EDR)
algorithm in the working
prototype of a mobile application)

[33]

Heartbeat/pulse
patterns

Nose breathing vs. mouth
breathing (correlations between
mouth breathing and cognition
show that decreased oxygen
saturation during mouth
breathing results not only in
morphological deformations but
also in poor learning outcomes)

[34]

Flattening of the flow velocity
(pulse) patterns correlates with the
local severity of arteriosclerotic
disease

[35]

Preventive medicine using pulse
oximetry screening

[36]
Pulse transit time (PTT) is the time
it takes a pulse wave to travel
between two arterial sites
(R-wave-gated
photo-plethysmography (RWPP)
as of measurement of PTT as a
surrogate for intra-thoracic
pressure changes in obstructive
sleep apnea)

[37]
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Table 1. Cont.
Technology of Medical
Measurement

Evidence-Based Wellness and
Maintenance

Disease-Centric Parameters of
Personalized Strategies

References

Pulse Oximetry Screening for
Critical Congenital Heart Defects

[38]

AI-Medicine algorithm
Algorithm to track changes in
cardiorespiratory interactions
(heartbeat intervals and
respiratory recordings under
dynamic breathing patterns)

[39]

Respiratory sinus arrhythmia
(RSA) with algorithm for
quantifying instantaneous RSA as
applied to heartbeat interval and
respiratory recordings in order to
track changes in cardiorespiratory
interactions elicited during
meditation, otherwise not
evidenced in control resting states)
Tongue is a critical organ for
respiration and speech

[41]
18 voice features with
posttraumatic stress disorder

Breathing pattern parameters:
Peak airway pressure (Pawpeek ),
mean airway pressure (Pawmean ),
tidal volume (VT , mL/kg), minute
volume (MV), respiratory muscle
unloading (peak electricity of
diaphragm (EAdipeak ), P 0.1,
VT /EAdi), clinical outcomes (ICU
mortality, duration of ventilation
days, ICU stay time, hospital stay
time

[40]

[42]

[43]

A surge in the development of artificial intelligence (AI) technology is driving a new wave of
open-source tools for analyzing human behavior, lifestyle, diet, and breathing patterns. Researchers
have long been interested in tracking heartbeat, as heartbeat counting can be converted from the
read-out of wrist pulse patterns (watch-like wrist belt). Conventionally, breathing patterns have
involved spending hours recording breath-in and -out by desktop devices specific for inhale/exhale
volume in a dedicated setting. Few tools can capture breathing patterns daily, like heartbeat/pulse in
finer details. Each tool (heartbeat, pulse oximeter, breathing) has limitations; some require specific
experimental set-ups or do not work well when there is a need to monitor daily. Nevertheless, advances
in digital, image capture, and machine learning will improve AI-transformation alongside gathering of
separated pieces of health information to translate breath-coordinates into behavior-based healthcare,
essential for human life. AI/deep learning could integrate the comprehensive databases of a patient
into a vitality score index (VSI), to help supervise their life.
How AI could develop a new understanding of how breathing patterns can diagnose diseases and
how therapeutic breathing modalities (Qigong) could augment western medicine treatment strategies
remain to be elucidated in order to define the VSI ranges for threshold values. Literature inspires
specific directions, as illustrated from other fields. For example, an AI-Medicine tool (a speech-based
algorithm, Random forest algorithm) has been used to objectively differentiate the diagnosis of PTSD
([42]. Similar to our proposed “breathing signatures” associated with diseases, a “voice signature” was
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sorted out of the diagnosis of 52 posttraumatic stress disorder (PTSD) cases from 77 controls, to create
the PTSD-specific signature voice [42]. The “PTSD-specific signature voice” markers indicated slower,
more monotonous speech, less change in tonality, and less activation than the controls (non-PTSD
psychiatric disorders). Other speech signatures identified include the “pressured” voice sounds,
which may indicate conditions such as bipolar disorder, while the voice characteristics of “monotone,”
“lifeless,” and “metallic “speech may indicate depression.
Future studies should aim at the identification of breathing signatures associated with diseases.
Therefore, speech-based techniques offer an alternative to conventional behavioral [44] and biological
(cellular and molecular) biomarkers for PTSD, including alterations in neural structures and
circuit functioning, cancer genome [45], genomics [46], neurochemistry, immune functioning, and
psychophysiology [47]. Behavioral and biological (cellular and molecular) biomarkers exhibit inherited
drawbacks in accuracy, cost, and patient burden, which preclude routine use in clinical practice.
In practical, the dynamic change of a “voice signature” can be recorded in an automated diagnostic
system, even used as a smartphone app, allowing several continuous, cheap, remote, and non-intrusive
data collections. Such a voice database can be used to interpret health and disease conditions. Similar
tools and devices can be established to record the dynamic patterning of Qigong breathing signatures,
which can be elaborated with the following six examples:
First, to reflect on our intention to borrow the concept of “18 voice features” [42]—voice signature
as the set up to rally out our speculation on “breathing signature.” We suggest that the speech
recognition algorithm may be further developed into a breathing classifier, as speech and breath are
related physically and physiologically, manifested in speech notes by Winston Churchill (the book, pp.
32–33, [48]). We speculate that the AI Medicine algorithm can integrate both voice speech and breath to
another level of quantitively measurable parameters along the line of Qigong breathing techniques—in
fact, Qigong practitioners change their voice features as a natural result of breathing signature changes.
Indeed, a previous study reported that “Using a spectral subtraction algorithm to remove scanner
gradient noise from recorded speech, we related the timing of speech, stimulus presentation, chest
wall movement, and image acquisition. We explored the relationship of an extended speech event
time course and respiration on signal variance by performing a series of voxelwise regression analyses.
Our results demonstrate that these effects are spatially heterogeneous, but their anatomic locations
converge across subjects. Affected locations included basal areas (orbitofrontal, mesial temporal,
brainstem), areas adjacent to CSF spaces, and lateral frontal areas. If left unmodeled, speech-related
variance can result in regional detection bias that affects some areas critically implicated in language
function. The results establish the feasibility of detecting and mitigating speech-related variance in
rapid event-related fMRI experiments with single-word utterances. They further demonstrate the
utility of precise timing information about speech and respiration for this purpose” [49]. These indicate
that AI Medicine may further integrate speech and breath patterns to create a VSI score to monitor the
health condition.
Another report came from “using speech analysis and machine learning techniques for obstructive
sleep apnea (OSA) detection” for diagnostic applications [50]. “A large speech database including
426 male Spanish speakers suspected to suffer OSA and derived to a sleep disorders unit was used
to study the clinical validity of several proposals using machine learning techniques to predict the
apnea-hypopnea index (AHI) or classify individuals according to their OSA severity.” This data indicate
that a pathological signature of breathing can be determined.
Third, as “The tongue is a critical organ for a variety of functions, including swallowing, respiration,
and speech,” researchers used Diffusion tensor imaging (DTI) to reconstruct tongue muscle fiber tracts,
and concomitantly applied “high angular resolution diffusion imaging (HARDI) and diffusion spectrum
imaging (DSI) to reconstruct the crossing fibers that occur where the tongue muscles interdigitate, which
is a large percentage of the tongue volume [41].” They further computed with anatomical knowledge of
tongue muscles toward fiber directions as “estimated within a maximum a posteriori (MAP) framework,
and the resulting objective function is solved using a noise-aware weighted `1-norm minimization

J. Funct. Morphol. Kinesiol. 2019, 4, 71

10 of 14

algorithm,” thereby creating the potential clinical use for this imaging and image analysis methodology.
Thus, in-depth analyses can reach a conclusion how tongue physiology impacts breathing patterns.
Fourth, research shows that “frequency of swallowing may serve as a predictor for detecting food
intake, differentiating liquids and solids, and estimating ingested mass [51]”. Their results suggest
“high efficiency of the proposed methodology in the separation of swallowing sounds from artifacts
that originate from respiration, intrinsic speech, head movements, food ingestion, and ambient noise.”
Only AI Medicine can help to collect big data sets to sort out for these patterns.
Fifth, audiovisual emotion manifested in facial expression or speech got tied in with physiological
signals for emotion recognition, which can be tracked down by current technologies. Such
technologies made into a report [52]: “Four-channel biosensors were used to measure electromyogram,
electrocardiogram, skin conductivity, and respiration changes. A wide range of physiological features
from various analysis domains, including time/frequency, entropy, geometric analysis, subband
spectra, and multiscale entropy, is proposed in order to find the best emotion-relevant features and
to correlate them with emotional states. The best features extracted are specified in detail, and their
effectiveness is proven by classification results. Classification of four musical emotions (positive/high
arousal, negative/high arousal, negative/low arousal, positive/low arousal) is performed by using
extended linear discriminant analysis (pLDA). Furthermore, by exploiting a dichotomic property
of the 2D emotion model, we develop a novel scheme of emotion-specific multilevel dichotomous
classification (EMDC) and compare its performance with direct multiclass classification using the pLDA.
The improved recognition accuracy of 95% and 70% for subject-dependent and subject-independent
classification, respectively, is achieved by using the EMDC scheme.” All of these technologies can be
integrated for comprehensive reports of wellbeing in an individual.
Sixth, as larynx musculature compromises breathing and speech function, researchers design
algorithms for differential thresholds of the physiopathology of larynx musculature to record spectra
unique for either breathing or speech function by using electric stimulation and electromyography
for muscle contraction in pattern recognition [53]. This larynx musculature changes can be linked to
Qigong breath recording.
AI does broadly around potential social and economic impacts even though most people do
not know what microservices architecture is, for example, even if some of the applications (Pulse
Oximeter, Heart-beating meter, Watson—IBM Google machine/quantum computers [54]) (Table 1)
they use every day were built in decoupled fashion, yet to be integrated into AI Medicine platforms
(Figure 1), such as Algorithm to predict risk of readmission [55] and AI algorithm to predict sepsis in a
cohort of 204,485 infants [56]. National Academies of Sciences, Engineering, and Medicine consensus
committee report “defining 5 priority development areas for the US health care system to integrate
social care into health care delivery: Designing delivery systems and building workforce, developing
digital infrastructure interoperable between health and social care organizations, and funding the
integration and research into the effectiveness and implementation of social care practices in health
care settings. “In the contemporary AI field, deep learning implies a deep neural network, which
allows intertwining among these factors.” Indeed, these assessments can be integrated and translated
into the determination of VSI scores.
7. Conclusions
We hypothesize that Qigong breathing, if in conjunction with daily practicing, will improve
outcomes in patients with diverse pathologies. As a test of this concept, we propose to implement
a cross-institutional prospective study that uses Qigong breathing exercise as an integrated point
of health assessment and appropriate combination therapies to associate the “breathing signature”
with immune system biomarkers [57], thereby defining a vitality score index (VSI), an indication
that can be daily monitored. Such an association study would establish a tracking pattern [58] to
allow the definition of a “therapeutic window” [31] for a spatiotemporal assessment [59] to direct
long-term care strategy. However, the breakthrough will come from establishing an AI-Medicine
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training camp of databases, which will integrate the connection of Qigong-like breathing patterns
with individual pathology. Such an integrated connection by AI Medicine algorithms will identify
breathing patterns and guide the medical intervention. All these eventually lead to support the state
of health for personalized care by gravitating toward the development of a vitality score index (VSI),
which is the collective strength of more-specialized signature breathing patterns unique for individuals.
The VSI will be derived from an AI Medicine algorithm that integrates the physiology, heartbeat,
pulse oximeter, blood pressure, wristwear, cell phone monitor, lifestyle, diet, exercise, and breathing
patterning (Figure 1). Such VSI data management will provide not only our understanding of the
underlying biological mechanisms of the whole body but also predicts the outcomes of behaviors and
medical treatment.
Author Contributions: S.C.L. conceived and wrote the manuscript. J.Z. and Q.S. contributed to Section 1 on the
background of Qigong. S.C.L., W.G.L., K.L.L., J.L., and B.A.D. revised the manuscript. All authors approved the
final version submitted.
Funding: This work was supported in part by the National Institutes of Health (NCI, R01CA164509; NIEHS,
R01ES021801-04S1), by CHOC Children’s Research Institute, CHOC Children’s Foundation, and CHOC-UCI Joint
Research Awards.
Acknowledgments: We thank Anthony Christopher Chang, M.D., MBA, MPH, for his advice on AI Medicine.
We thank Maria Minon, M.D., and Mustafa H. Kabeer, M.D. for their support and enthusiasm.
Conflicts of Interest: The authors declare no conflict of interest.

References
1.

2.
3.

4.

5.

6.

7.
8.

9.

10.
11.

Chakraborty, A.A.; Laukka, T.; Myllykoski, M.; Ringel, A.E.; Booker, M.A.; Tolstorukov, M.Y.; Meng, Y.J.;
Meier, S.R.; Jennings, R.B.; Creech, A.L.; et al. Histone demethylase KDM6A directly senses oxygen to control
chromatin and cell fate. Science 2019, 363, 1217–1222. [CrossRef]
Schodel, J.; Ratcliffe, P.J. Mechanisms of hypoxia signalling: New implications for nephrology. Nat. Rev.
Nephrol. 2019, 15, 641–659. [CrossRef]
Xiang, L.; Semenza, G.L. Hypoxia-inducible factors promote breast cancer stem cell specification and
maintenance in response to hypoxia or cytotoxic chemotherapy. Adv. Cancer Res. 2019, 141, 175–212.
[PubMed]
Adachi, M.; Watanabe, M.; Kurata, Y.; Inoue, Y.; Notsu, T.; Yamamoto, K.; Horie, H.; Tanno, S.; Morita, M.;
Miake, J.; et al. Beta-Adrenergic Blocker, Carvedilol, Abolishes Ameliorating Actions of Adipose-Derived
Stem Cell Sheets on Cardiac Dysfunction and Remodeling After Myocardial Infarction. Circ. J. 2019, 83,
2282–2291. [CrossRef] [PubMed]
Sorg, A.L.; von Kries, R.; Klemme, M.; Gerstl, L.; Weinberger, R.; Beyerlein, A.; Lack, N.; Felderhoff-Muser, U.;
Dzietko, M. Risk factors for perinatal arterial ischaemic stroke: A large case-control study. Dev. Med. Child
Neurol. 2019. [CrossRef] [PubMed]
Singh, R.; Kulikowicz, E.; Santos, P.T.; Koehler, R.C.; Martin, L.J.; Lee, J.K. Spatial T-maze identifies cognitive
deficits in piglets 1 month after hypoxia-ischemia in a model of hippocampal pyramidal neuron loss and
interneuron attrition. Behav. Brain. Res. 2019, 369, 111921. [CrossRef] [PubMed]
Tian, Y.Y.; Tang, C.J.; Wu, J.; Zhou, J.S. Parkinson’s disease in China. Neurol. Sci. 2011, 32, 23–30. [CrossRef]
Lin, C.Y.; Wei, T.T.; Wang, C.C.; Chen, W.C.; Wang, Y.M.; Tsai, S.Y. Acute Physiological and Psychological
Effects of Qigong Exercise in Older Practitioners. Evid.-Based Complement. Altern. Med. 2018, 2018, 4960978.
[CrossRef]
Klein, P.; Picard, G.; Baumgarden, J.; Schneider, R. Meditative Movement, Energetic, and Physical Analyses
of Three Qigong Exercises: Unification of Eastern and Western Mechanistic Exercise Theory. Medicines 2017,
4, 69. [CrossRef]
Tang, N.; Chang, J.; Zeng, Y.; Zheng, J. Tanshinone IIA protects hypoxia-induced injury by preventing
microRNA-28 up-regulation in PC-12 cells. Eur. J. Pharmacol. 2019, 854, 265–271. [CrossRef]
Devi, U.; Singh, M.; Roy, S.; Gupta, P.S.; Ansari, M.N.; Saeedan, A.S.; Kaithwas, G. Activation of
prolyl hydroxylase-2 for stabilization of mitochondrial stress along with simultaneous downregulation of
HIF-1alpha/FASN in ER + breast cancer subtype. Cell Biochem. Funct. 2019, 37, 216–227. [CrossRef] [PubMed]

J. Funct. Morphol. Kinesiol. 2019, 4, 71

12.

13.
14.

15.

16.
17.

18.
19.
20.
21.
22.
23.
24.

25.

26.

27.
28.
29.

30.
31.
32.

12 of 14

Udjus, C.; Cero, F.T.; Halvorsen, B.; Behmen, D.; Carlson, C.R.; Bendiksen, B.A.; Espe, E.K.; Sjaastad, I.;
Loberg, E.M.; Yndestad, A.; et al. Caspase-1 induces smooth muscle cell growth in hypoxia-induced
pulmonary hypertension. Am. J. Physiol.-Lung Cell Mol. Physiol. 2019, 316, L999–L1012. [CrossRef] [PubMed]
Perdrizet, G.A. Chronic Diseases as Barriers to Oxygen Delivery: A Unifying Hypothesis of Tissue
Reoxygenation Therapy. Adv. Exp. Med. Biol. 2017, 977, 15–20. [PubMed]
Polrola, P.; Wilk-Franczuk, M.; Wilczynski, J.; Nowak-Starz, G.; Goral-Polrola, J.; Chruscinski, G.;
Bonislawska, I.; Pedrycz, A.; Zychowska, M. Anti-inflammatory effect on genes expression after four
days of Qigong training in peripheral mononuclear blood cells in healthy women. Ann. Agric. Environ. Med.
2018, 25, 329–333. [CrossRef] [PubMed]
Hida, T.; Yamada, Y.; Ueyama, M.; Araki, T.; Nishino, M.; Kurosaki, A.; Jinzaki, M.; Honda, H.; Hatabu, H.;
Kudoh, S. Time-resolved quantitative evaluation of diaphragmatic motion during forced breathing in a
health screening cohort in a standing position: Dynamic chest phrenicography. Eur. J. Radiol. 2019, 113,
59–65. [CrossRef]
Putiri, A.L.; Close, J.R.; Lilly, H.R.; Guillaume, N.; Sun, G.C. Qigong Exercises for the Management of Type 2
Diabetes Mellitus. Medicines 2017, 4, 59. [CrossRef]
Chu, M.; Nguyen, T.; Pandey, V.; Zhou, Y.; Pham, H.N.; Bar-Yoseph, R.; Radom-Aizik, S.; Jain, R.; Cooper, D.M.;
Khine, M. Respiration rate and volume measurements using wearable strain sensors. NPJ Digit. Med. 2019,
2, 8. [CrossRef]
Zheng, Z. What have we learnt from acupuncture research of fibromyalgia? Longhua Chin. Med. 2018, 19,
1862–1871. [CrossRef]
Yeo, E.J. Hypoxia and aging. Exp. Mol. Med. 2019, 51, 67. [CrossRef]
Lee, M.S.; Kim, M.K.; Ryu, H. Qi-training (qigong) enhanced immune functions: What is the underlying
mechanism? Int. J. Neurosci. 2005, 115, 1099–1104. [CrossRef]
Wang, C.X.; Xu, D.H. The beneficial effect of qigong on the ventricular function and microcirculation in
deficiency of heart-energy hypertensive patients. Zhong Xi Yi Jie He Za Zhi 1991, 11, 659–660. [PubMed]
Ohnishi, S.T.; Ohnishi, A.T. How Far Can Ki-energy Reach?—A Hypothetical Mechanism for the Generation
and Transmission of Ki-energy. Evid.-Based Complement Altern. Med. 2009, 6, 379–391. [CrossRef] [PubMed]
Ohnishi, S.T.; Ohnishi, A.T. Philosophy, psychology, physics, and practice of ki. Evid.-Based Complement
Altern. Med. 2009, 6, 175–183. [CrossRef] [PubMed]
Tiwari, A.; Chan, C.L.; Ho, R.T.; Tsao, G.S.; Deng, W.; Hong, A.W.; Fong, D.Y.; Fung, H.Y.; Pang, E.P.;
Cheung, D.S.; et al. Effect of a qigong intervention program on telomerase activity and psychological stress
in abused Chinese women: A randomized, wait-list controlled trial. BMC Complement. Altern. Med. 2014, 14,
300. [CrossRef]
Ho, R.T.; Chan, J.S.; Wang, C.W.; Lau, B.W.; So, K.F.; Yuen, L.P.; Sham, J.S.; Chan, C.L. A randomized
controlled trial of qigong exercise on fatigue symptoms, functioning, and telomerase activity in persons with
chronic fatigue or chronic fatigue syndrome. Ann. Behav. Med. 2012, 44, 160–170. [CrossRef]
Li, S.; Couet, J.; Lisanti, M.P. Src tyrosine kinases, Galpha subunits, and H-Ras share a common
membrane-anchored scaffolding protein, caveolin. Caveolin binding negatively regulates the auto-activation
of Src tyrosine kinases. J. Biol. Chem. 1996, 271, 29182–29190. [CrossRef]
Pagnozzi, L.A.; Butcher, J.T. Mechanotransduction Mechanisms in Mitral Valve Physiology and Disease
Pathogenesis. Front. Cardiovasc. Med. 2017, 4, 83. [CrossRef]
Leong, P.K.; Ko, K.M. Shengmai San: A modern medicine perspective on its remedial effects on Qi and Yin
deficiency syndrome in Chinese medicine. Longhua Chin. Med. 2018, 1, 4731. [CrossRef]
Sisa, C.; Kholia, S.; Naylor, J.; Sanchez, M.B.H.; Bruno, S.; Deregibus, M.C.; Camussi, G.; Inal, J.M.; Lange, S.;
Hristova, M. Mesenchymal Stromal Cell Derived Extracellular Vesicles Reduce Hypoxia-Ischaemia Induced
Perinatal Brain Injury. Front. Physiol. 2019, 10, 282. [CrossRef]
Guo, F.; Tang, S.; Guo, T.; Bartell, S.; Detrano, R. Revised threshold values for neonatal oxygen saturation at
mild and moderate altitudes. Acta Paediatr. 2019. [CrossRef]
Li, S.C.; Han, Y.P.; Dethlefs, B.A.; Loudon, W.G. Therapeutic Window, a Critical Developmental Stage for
Stem Cell Therapies. Curr. Stem Cell Res. Ther. 2010, 5, 297–303. [PubMed]
Al-Halhouli, A.; Al-Ghussain, L.; el Bouri, S.; Liu, H.; Zheng, D. Fabrication and Evaluation of a Novel
Non-Invasive Stretchable and Wearable Respiratory Rate Sensor Based on Silver Nanoparticles Using Inkjet
Printing Technology. Polymers 2019, 11, 1518. [CrossRef] [PubMed]

J. Funct. Morphol. Kinesiol. 2019, 4, 71

33.
34.
35.
36.

37.

38.
39.

40.

41.

42.

43.

44.
45.

46.
47.
48.
49.
50.

51.

52.
53.

13 of 14

Nayan, N.A.; Risman, N.S.; Jaafar, R. A portable respiratory rate estimation system with a passive single-lead
electrocardiogram acquisition module. Technol. Health Care. 2016, 24, 591–597. [CrossRef] [PubMed]
Lee, K.J.; Park, C.A.; Lee, Y.B.; Kim, H.K.; Kang, C.K. EEG signals during mouth breathing in a working
memory task. Int. J. Neurosci. 2019, 1–10. [CrossRef]
Krug, B.; Kugel, H.; Harnischmacher, U.; Heindel, W.; Schmidt, R.; Krings, F. MR pulsatility measurements
in peripheral arteries: Preliminary results. Magn. Reson. Med. 1995, 34, 698–705. [CrossRef]
Cloete, E.; Gentles, T.L.; Dixon, L.A.; Webster, D.R.; Agnew, J.D.; Davidkova, S.; Alsweiler, J.M.; Rogers, J.;
Bloomfield, F.H. Feasibility study assessing equitable delivery of newborn pulse oximetry screening in New
Zealand’s midwifery-led maternity setting. BMJ Open 2019, 9, e030506. [CrossRef]
Naschitz, J.E.; Bezobchuk, S.; Mussafia-Priselac, R.; Sundick, S.; Dreyfuss, D.; Khorshidi, I.; Karidis, A.;
Manor, H.; Nagar, M.; Peck, E.R.; et al. Pulse transit time by R-wave-gated infrared photoplethysmography:
Review of the literature and personal experience. J. Clin. Monit. Comput. 2004, 18, 333–342. [CrossRef]
Oddie, S.; McGuire, A.W. Response to the Letter “RE: Commentary on ‘Pulse Oximetry Screening for Critical
Congenital Heart Defects’”. Neonatology 2019, 116, 1–4. [CrossRef]
Kodituwakku, S.; Lazar, S.W.; Indic, P.; Chen, Z.; Brown, E.N.; Barbieri, R. Point process time-frequency
analysis of dynamic respiratory patterns during meditation practice. Med. Biol. Eng. Comput. 2012, 50,
261–275. [CrossRef]
Kodituwakku, S.; Lazar, S.W.; Indic, P.; Brown, E.N.; Barbieri, R. Point process time-frequency analysis of
respiratory sinus arrhythmia under altered respiration dynamics. Conf. Proc. IEEE Eng. Med. Biol. Soc. 2010,
2010, 1622–1625.
Ye, C.; Murano, E.; Stone, M.; Prince, J.L. A Bayesian approach to distinguishing interdigitated tongue
muscles from limited diffusion magnetic resonance imaging. Comput. Med. Imaging Graph. 2015, 45, 63–74.
[CrossRef] [PubMed]
Marmar, C.R.; Brown, A.D.; Qian, M.; Laska, E.; Siegel, C.; Li, M.; Abu-Amara, D.; Tsiartas, A.; Richey, C.;
Smith, J.; et al. Speech-based markers for posttraumatic stress disorder in US veterans. Depress Anxiety 2019,
36, 607–616. [CrossRef] [PubMed]
Chen, C.; Wen, T.; Liao, W. Neurally adjusted ventilatory assist versus pressure support ventilation in
patient-ventilator interaction and clinical outcomes: A meta-analysis of clinical trials. Ann. Transl. Med. 2019,
7, 382. [CrossRef] [PubMed]
Zoladz, P.R.; Diamond, D.M. Current status on behavioral and biological markers of PTSD: A search for
clarity in a conflicting literature. Neurosci. Biobehav. Rev. 2013, 37, 860–895. [CrossRef]
Li, S.C.; Tachiki, L.M.; Kabeer, M.H.; Dethlefs, B.A.; Anthony, M.J.; Loudon, W.G. Cancer genomic research at
the crossroads: Realizing the changing genetic landscape as intratumoral spatial and temporal heterogeneity
becomes a confounding factor. Cancer Cell Int. 2014, 14, 111–116. [CrossRef]
Lehrner, A.; Yehuda, A.R. Biomarkers of PTSD: Military applications and considerations. Eur. J. Psychotraumatol.
2014, 5. [CrossRef]
Shalev, A.; Liberzon, I.; Marmar, C. Post-Traumatic Stress Disorder. N. Engl. J. Med. 2017, 376, 2459–2469.
[CrossRef]
Manchester, W. The Last Lion: Winston Spencer Churchill Is a Trilogy of Biographies Covering the Life of Winston
Churchill; Little, Brown and Company: Boston, MA, USA, 1983; p. 983.
Mehta, S.; Grabowski, T.J.; Razavi, M.; Eaton, B.; Bolinger, L. Analysis of speech-related variance in rapid
event-related fMRI using a time-aware acquisition system. Neuroimage 2006, 29, 1278–1293. [CrossRef]
Espinoza-Cuadros, F.; Fernandez-Pozo, R.; Toledano, D.T.; Alcazar-Ramirez, J.D.; Lopez-Gonzalo, E.;
Hernandez-Gomez, L.A. Reviewing the connection between speech and obstructive sleep apnea. Biomed.
Eng. Online 2016, 15, 20. [CrossRef]
Sazonov, E.S.; Makeyev, O.; Schuckers, S.; Lopez-Meyer, P.; Melanson, E.L.; Neuman, M.R. Automatic
detection of swallowing events by acoustical means for applications of monitoring of ingestive behavior.
IEEE Trans. Biomed. Eng. 2010, 57, 626–633. [CrossRef]
Kim, J.; Andre, A.E. Emotion recognition based on physiological changes in music listening. IEEE Trans.
Pattern Anal. Mach. Intell. 2008, 30, 2067–2083. [CrossRef] [PubMed]
Reinhardt, B.; Leistritz, L.; Faenger, B.; Hansen, E.; Scholle, H.C.; Muller, A. EMG analysis of the thenar
muscles as a model for EMG-triggered larynx stimulation. Biomed. Technol. 2007, 52, 122–125. [CrossRef]
[PubMed]

J. Funct. Morphol. Kinesiol. 2019, 4, 71

54.
55.

56.

57.
58.
59.

14 of 14

Zhong, T.; Kindem, J.M.; Rochman, J.; Faraon, A. Interfacing broadband photonic qubits to on-chip
cavity-protected rare-earth ensembles. Nat. Commun. 2017, 8, 14107. [CrossRef] [PubMed]
Minges, K.E.; Herrin, J.; Fiorilli, P.N.; Curtis, J.P. Development and validation of a simple risk score to predict
30-day readmission after percutaneous coronary intervention in a cohort of medicare patients. Catheter.
Cardiovasc. Interv. 2017, 89, 955–963. [CrossRef] [PubMed]
Kuzniewicz, M.W.; Puopolo, K.M.; Fischer, A.; Walsh, E.M.; Li, S.; Newman, T.B.; Kipnis, P.; Escobar, G.J.
A Quantitative, Risk-Based Approach to the Management of Neonatal Early-Onset Sepsis. JAMA Pediatr.
2017, 171, 365–371. [CrossRef]
Li, S.; Kabeer, A.M. Designer Immunotherapy Specific for Cancer. J. Cell Sci. Ther. 2013, 4, e116. [CrossRef]
Li, S.C.; Tachiki, L.M.; Luo, J.; Dethlefs, B.A.; Chen, Z.; Loudon, W.G. A biological global positioning system:
Considerations for tracking stem cell behaviors in the whole body. Stem Cell Rev. 2010, 6, 317–333. [CrossRef]
Li, S.C.; Kabeer, M.H. Spatiotemporal switching signals for cancer stem cell activation in pediatric origins of
adulthood cancer: Towards a watch-and-wait lifetime strategy for cancer treatment. World J. Stem Cells 2018,
10, 15–22. [CrossRef]
© 2019 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

