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The majority of individuals infected with SARS-CoV-2 have mild-to-moderate COVID-19 disease. Convales-
cence from mild-to-moderate (MtoM) COVID-19 disease may be supported by integrative medicine strate-
gies. Integrative Medicine (IM) is defined as healing-oriented medicine that takes account of the whole
person, including all aspects of lifestyle. Integrative medicine strategies that may support recovery from
MtoM COVID-19 are proposed given their clinically studied effects in related conditions. Adoption of an anti-
inflammatory diet, supplementation with vitamin D, glutathione, melatonin, Cordyceps, Astragalus and garlic
have potential utility. Osteopathic manipulation, Qigong, breathing exercises and aerobic exercise may sup-
port pulmonary recovery. Stress reduction, environmental optimization, creative expression and aromather-
apy can provide healing support and minimize enduring trauma. These modalities would benefit from
clinical trials in people recovering from COVID-19 infection.

© 2020 The Authors. Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/)

Introduction

The majority of individuals infected with SARS-CoV-2 have mild-
to-moderate COVID-19 disease. Despite the non-severe nature of
mild-to-moderate (MtoM) COVID-19, these infections are, nonethe-
less, accompanied by pathophysiological changes, acute and endur-
ing symptoms. Convalescence from MtoM COVID-19 disease is
largely overlooked and represents a prime opportunity to support
health resilience and to potentially lessen enduring and late-onset
sequelae with evidence-informed integrative medicine strategies.
Integrative medicine (IM) approaches typically recommend a combi-
nation of practices including dietary change, breathing exercises,
physical activity, supplements, etc. These authors, all IM subject mat-
ter experts, offer plausible integrative strategies to support convales-
cence from MtoM COVID-19. Whether this multipronged approach
has synergistic advantages in COVID-19 recovery deserves further
study.

* Corresponding author.
E-mail address: alschuler@email.arizona.edu (L. Alschuler).

https://doi.org/10.1016/j.explore.2020.12.005

Brief overview of COVID-19

Coronavirus disease of 2019 (COVID-19), the disease caused by
the Novel SARS-coronavirus-2 (SARS-CoV-2), was first described in
Wauhan, China in December 2019. SARS-CoV-2 is a large RNA virus of
the coronavirus family. Its route of infection mimics other members
of the Coronaviridae family, which are responsible for many common
upper respiratory infections. The virus is enveloped, with a promi-
nent spike protein (“S protein”) on its surface; this protein is respon-
sible for virion attachment.! The virus enters the body via common
mucosal portals and attaches to the cellular ACE2 receptor.? The
ACE2 receptor is found on diverse cell types, including endothelial
and epithelial cells of the lungs, heart, blood vessels, kidneys, and
gastrointestinal tract.®> > This broad tissue distribution of ACE2 may
explain the pleiotropic effects of viral replication in different hosts.

The SARS-CoV-2 virus has demonstrated marked heterogeneity in
both host symptomology and target organ pathogenicity. Viral infec-
tion of mucosal epithelial cells occurs and may be followed by aggres-
sive replication that spreads the virus down the respiratory tree to
the upper and lower lungs. Coronavirus infects both type I and II
pneumocytes, which leads to a loss of surfactant and can lead to an
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acute respiratory distress syndrome (ARDS)-like pathology, with
respiratory failure and sepsis. Compounding this issue, a concomitant
immune response commonly described as a “cytokine storm” can
occur. Activation of macrophages, monocytes, and lymphocytes in
response to the virus leads to massive release of cytokines.® These
cytokines contribute to overwhelming and uncontrolled inflamma-
tion, leading to septic shock and death in some patients.” Acute treat-
ment of these COVID-19 patients becomes a balancing act between
maintaining innate antiviral immune responses and suppressing the
robust and unregulated cytokine release.

Convalescence appears to be a lengthy process relative to the ini-
tial infection. For instance, complications of macro- and micro-
thromboses are relatively common, and may require prolonged anti-
coagulation.®® Recovery from ARDS is a slow rehabilitative process,
and supplemental oxygen is often required. Even individuals with
MtoM disease — the majority of infected patients — may experience
sequelae of this respiratory viral infection with few supportive con-
ventional therapeutic options. This article will provide additional
options for these patients. We will focus on integrative lifestyle-
based and dietary supplement strategies. While not all-inclusive of
potentially useful strategies, the recommendations outlined here
reflect the expertise and experience of these authors. Additionally,
while other whole systems of healing such as Asian traditional medi-
cine'® and Ayurvedic medicine'' have much to offer in recovery from
COVID-19 infection, inclusion is beyond the scope of this paper.

Goals of convalescence from mild-to-moderate COVID-19 disease

The natural course of COVID-19 recovery is variable and influenced
by divergent factors including age, the baseline health of the individ-
ual, the presence of comorbid conditions, the nature and severity of
infection, and socioeconomic circumstances. This variability, coupled
with our incomplete understanding of this illness, presents a challenge
to the development of a standard convalescence protocol.

Up to 50% of asymptomatic COVID-19 patients have atypical chest
CT findings, specifically ground-glass opacities,'? indicative of pulmo-
nary inflammation and possibly fibrosis. Unresolved post-viral fibro-
sis can lead to altered lung elasticity and decreased pulmonary
function as has been seen in other coronavirus infections.”” In a
cohort of patients over age 65 hospitalized for various types of infec-
tious pneumonia, the risk of cardiovascular disease events increased
4-fold in the first year compared to age-matched controls and
remained elevated for 10 years after the pneumonia.'* Whether this
will be seen with COVID-19 is not yet known but is a concern. Liver
impairment is also a concern; for instance, out of 926 patients with
non-severe COVID-19 in China, elevated AST was seen in 18.2% and
elevated ALT was seen in 19.8% of these patients.'> Another complica-
tion is inflammatory activation of the coagulation cascade, evidenced
by thrombocytopenia and elevated p-dimer. Although more common
in severe infection, over 1/3 of all patients with COVID-19 develop
these coagulation abnormalities which may impede patient recov-
ery.'® 7 Immune dysregulation can occur, especially in individuals
over the age of 50 years, characterized by decreased lymphocytes,
especially CD8+ T lymphocyte counts and impaired adaptive immu-
nity.'® Inflammation and other ongoing sequelae may lead to linger-
ing fatigue. Additionally, inflammatory cytokines, such as IL-6 and
TNF-alpha, which are characteristically elevated in SARS-CoV-2 infec-
tion, are implicated in mood disorders especially depression.'”

Convalescence from MtoM COVID-19 infection is not the primary
concern of conventional medicine, whose resources are appropriately
directed to life-saving interventions in those with severe infection.
However, supporting convalescence is directly within the scope of
integrative medicine. Drawing from the deep repository of research
and experience in lifestyle-based strategies that optimize recovery
and wellbeing after infections, there are a multitude of integrative
strategies that can be employed for individuals recovering from

MtoM COVID-19 illness. The strategies highlighted here are curated
from the expertise of the authors as plausible integrative strategies to
support convalescence from MtoM COVID-19.

Overview of integrative medicine

Integrative medicine is defined as healing-oriented medicine that
takes account of the whole person, including all aspects of lifestyle. It
emphasizes the therapeutic relationship between practitioner and
patient, is informed by evidence, and makes use of all appropriate
therapies.?’ To be explicit, IM is a larger paradigm that includes con-
ventional approaches. As more effective conventional treatments for
COVID-19 become available, and as primary prevention with a vac-
cine is developed, integrative approaches are likely to remain criti-
cally important in re-establishing well-being.

A focus on restoring homeostasis plays a key role in IM. Even
when diseases do not have clear treatment, practitioners can use the
principles of IM to facilitate recovery.?' Below are summaries of the
evidence for selected IM approaches that can be used to combat
inflammation, repair lung injury or dysfunction, replete nutritional
deficiencies, reduce chronic stress, and mitigate fatigue.

In addition, IM may empower the patient to aid their recovery.
This is important in chronic diseases such as diabetes and cancer to
enhance individual control of the disease as well as to reduce the cost
of care.’”?> Many of the evidence-based recommendations that fol-
low are interventions that people can do for themselves. Incorporat-
ing these behaviors moves the locus control from external (“the
doctor must prescribe medicine or treat me”) to internal (“I can take
actions to restore my own health.”)

Diet

A low-glycemic, low-saturated fat diet can be used to modulate
inflammation generally.* An anti-inflammatory diet combines tradi-
tional Mediterranean and Asian eating patterns and is characterized
by high consumption of vegetables, fruit, legumes, fish, lean protein,
whole grains, spices, nuts and seeds and low consumption of both
refined grains and processed foods. Various nutrient components of
an anti-inflammatory diet, such as monosaturated and polyunsatu-
rated fatty acids®® and plant-derived flavonoids?® are associated with
decreased activation of the NLRP3 inflammasome. The NLRP3 inflam-
masome is a critical cytosolic protein complex responsible for both
acute and chronic inflammation in response to various pathogens,?’
including SARS-CoV-2.2%?° Anti-inflammatory diets are associated
with improved pulmonary function in non-asthmatic Hispanic
adults®® and improved lung function and lower mortality in individu-
als with COPD.?! Anti-inflammatory diets emphasize the inclusion of
herbs and spices which have known antioxidant and anti-inflamma-
tory effects and may slow the progression of COPD in which NLRP3
inflammasome activation plays a critical pathogenic role.*>** With
any prolonged illness, COVID-19 included, mental health can be com-
promised. In a period as short as 10 days, a Mediterranean style diet
may result in improved mood and cognition.>*

Infection is a catabolic process which leads to transient nutrient
deficiencies, particularly of protein, B vitamins, vitamin C, copper,
zinc, and iron.*® Individuals with prolonged infections, as well as
those who are undernourished prior to infection, are at greatest risk
for these nutrient depletions. Thus far, it has been observed that indi-
viduals with patients with COVID-19 are likely to have nutrient defi-
ciencies, with one study reporting 76% of hospitalized patients with
COVID-19 deficient in vitamin D, 42% deficient in selenium.>® Further,
among patients with respiratory distress, 91.7% were deficient in at
least one nutrient while 78.9% without respiratory distress had a defi-
ciency of at least one nutrient. With appropriate dietary support dur-
ing convalescence, nutrient repletion can be expected, although it is
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estimated that it takes up to 3 times as long to replete nutrients than
it took to become depleted.*’

Dietary intake of meat, poultry, fish, eggs, dairy, legumes, beans,
nuts and seeds supply amino acids such as alanine, glutamate and glu-
tamine which provide the substrates for nitrogenous compounds.
Branched chain amino acids (namely leucine, isoleucine, and valine)
improve intestinal permeability, regulate glucose metabolism,
enhance endogenous protein synthesis, and fuel immune cells result-
ing in increased phagocytosis, NK cell activity and immunoglobulin
production.®® The global consensus for protein intake needed by
healthy individuals is 0.8 g/kg body weight/day.>® Older individuals
have greater protein needs associated with acute inflammatory and
catabolic conditions and PROT-AGE evidence-based recommendations
advise the consumption of 1.2 —1.5 g protein/kg body weight/day.*°

In addition to protein, consumption of foods rich in vitamins and
minerals, and avoidance of foods which may further deplete these
nutrients, will support nutritional convalescence. Fruits and vegeta-
bles are the main dietary sources of vitamins and minerals and also
provide anti-inflammatory and antioxidant phytochemicals. Not sur-
prisingly, consuming fruit and vegetables is associated with
improved respiratory function, specifically reduced airway inflamma-
tion and oxidative stress,*! reduced TNFe, reduced C-reactive protein
and increased T-cell activation.*? The USDA-recognizes produce sub-
groups as follows: dark green vegetables, red/orange vegetables,
legumes, starchy vegetables, other vegetables (such as iceberg let-
tuce, onions, green beans), and fruit.**> Eating produce from all sub-
groups is important in order to ingest a full-spectrum of these
phytochemicals. The USDA MyPlate guidelines recommend that half
of each meal is fruit and vegetables.**

Dietary supplements

While dietary supplements are now being studied in acute COVID-
19 infections, there are no clinical trials demonstrating the efficacy of
dietary supplementation to support convalescence. The therapeutic
goals of adjunctive support are prioritized differently between these
phases, notably, during active infection, anti-viral support is key,
while during convalescence, the primary goal is downregulation of
inflammation. There are a number of supplements which may sup-
port recovery and minimize post-infectious complications; several of
which are highlighted here.

Vitamin D: Vitamin D has anti-viral, anti-inflammatory, and
immune enhancing actions in the lungs.*> Among 43 consecutive older
patients hospitalized for treatment of COVID-19, 17.6% of those who
received oral 1000iu vitamin D3, 150 mg magnesium and 500mcg
vitamin B12 throughout their hospitalization required oxygen therapy
compared to 61.5% of patients who did not receive the supplements.*®
Serum vitamin D levels are positively correlated with improved pul-
monary function in children and adults with asthma.*’ Vitamin D defi-
ciency is associated with reduced risk of respiratory tract infections,*®
decreased lung function, as well as increased susceptibility to, and
delayed recovery from, infections and inflammatory conditions.*® Not
surprisingly, vitamin D deficiency is associated with greater COVID-19
disease severity, and vitamin D deficiency is more prevalent among
severe cases compared to mild cases.>® Vitamin D3 supplementation is
ideally based on serum 250H vitamin D levels to achieve sufficiency
and is typically recommended at a dose of 300 - 4,000IU daily.>' Those
with very low levels of vitamin D, older adults, people with darkly pig-
mented skin, and obese patients may require higher doses.

Glutathione: Glutathione is the body’s primary endogenous anti-
oxidant and is the most abundant antioxidant in the lung epithelium.
Glutathione exerts non-specific anti-viral actions, has anti-inflamma-
tory actions, and upregulates vitamin D synthesis and vitamin D
receptor activity.”? A published report of two patients with COVID-19
pneumonia reported relief of respiratory distress using 2 g of either
oral or IV glutathione at the peak of their illness.>* Various studies of

patients with acute respiratory distress syndrome have shown that
the intake or administration of a number of glutathione-generating
compounds, including selenium,’* n-acetyl cysteine,>® and ginger,’®
are associated with increased pulmonary glutathione, improved pul-
monary function and reduced inflammation. Contrary to popular
belief, oral glutathione increases systemic tissue levels of glutathione
and natural killer cell cytotoxicity in a dose and time dependent man-
ner.’” Glutathione supplementation ranges from 250 mg to 1000 mg
daily to achieve tissue increases and immune changes.’®

Melatonin: Melatonin is a potent endogenous antioxidant, anti-
inflammatory and immunomodulatory molecule.”® The natural decline
in melatonin production over the lifespan® is one theoretical postula-
tion for the increased susceptibility to COVID-19 infection and sequelae
among the elderly. Melatonin has been shown to reduce symptoms of
other viral infections.°’ Importantly, exogenous melatonin has been
found to reduce inflammation, specifically IL — 18, in the face of acute
systemic inflammation.®? Given the integral role of inflammation in the
symptoms of COVID-19 and its post-infection sequelae, there is compel-
ling rationale for the use of melatonin in the convalescent population.
Long term melatonin supplementation has been clinically studied at
dosages ranging from 2 mg to 20 mg nightly.®®

Cordyceps sinensis: Cordyceps is a medicinal mushroom with a
long tradition of use due to its antioxidant, antitumor, anti-inflamma-
tory, and antimicrobial actions.®* Cordyceps has been shown to
increase Natural Killer (NK) cell activity in randomized clinical trials
of healthy adults.>°® Cordyceps has also been shown to increase
exercise performance — both metabolic and ventilatory capacity - in
adults ages 50—75 after 12 weeks of supplementation.®” A random-
ized controlled trial of adult patients with moderate chronic asthma
found that Cordyceps supplementation for 2 months resulted in
reduced serum markers of airway inflammation, including lower IgE,
SICAM-1, IL-4 and MMP-9.°® Long term cordyceps has been most
commonly studied in doses between 1.5 g — 3 g daily.®®

Astragalus membranaceus: The root of Astragalus membranaceus, or
milkvetch, has a long tradition of use in Asian medicine (Huang-Chi) and
has increasingly been incorporated into Western herbal medicine. The
root extract contains polysaccharides which have been found to increase
innate and T-cell adaptive immunity, to exert anti-oxidant and anti-pro-
liferative effects, and to modulate inflammation.”° The anti-inflammatory
effects of intravenous astragalus have been documented in a DBRCT of 23
patients with metastatic cancers of various types’! Astragalus resulted in
significant quality of life improvements (reduced pain, nausea, fatigue,
improved appetite and sleep) which was attributed to reduced inflamma-
tory cytokines, notably IL — 18 and IL-6. In another clinical trial of 82
patients with acute exacerbation of COPD, the addition of 15 mg of
astragalus granules twice daily for two weeks to conventional bronchodi-
lator therapy resulted in significant reductions in TNFe, IL — 8, IL — 18
and IL-32.”? Furthermore, the astragalus group experienced improved
measures of adaptive and innate immunity and improved pulmonary
function tests. Astragalus root extracts standardized to 40% polysacchar-
ides or 3% astragalosides can be dosed at 320 mg — 500 mg daily and
astragalus granules dosed between 4 g — 60 g daily.”*

Garlic: Garlic, or Allium sativa, can be a component of the diet and
also supplemented. Garlic is a source of organosulfur compounds which
downregulate nuclear factor-kappa B (NFkB), thereby reducing the
expression of many inflammatory cytokines.”* Several clinical trials
have demonstrated immune enhancing and anti-inflammatory effects
using aged garlic extract. A DBRCT 3-month study of 120 individuals
found that aged garlic extract reduced the severity and duration of cold
and flu symptoms.” The garlic extract also improved T-cell and NK cell
activity. A subsequent trial found similar results with reduced cold and
flu severity as a result of aged garlic extract.”® Garlic supplementation is
also associated with reduced inflammation. In a DBRCT of 51 healthy
obese adults, 3.6 g of aged garlic extract resulted in significantly lower
IL-6 and TNF after 6 weeks of supplementation.”” The effective dose of
garlic varies according to the formulation studied and the indication.
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Clinically studied daily dosages of garlic supplements range from 600 to
900 mg dried garlic powder tablet, standardized to 1.3% alliin or 0.6%
allicin) or 7.2 g of aged garlic extract.”®

Osteopathic manipulation techniques

One historical narrative of the 1918 great influenza reports that
people treated by an osteopathic physician had death rates of 10%
compared to the 30% overall estimated death rate.”” While there is
no published data confirming this supposition about the 1918 flu, the
wisdom that therapies such as Osteopathic Manipulation Techniques
(OMT) may be of assistance in respiratory illness is long standing.®°

Noll et al. examined osteopathic manipulation as an adjunct treat-
ment for hospitalized patients with pneumonia in a DBRCT study of
hospitalized patients over age >50 with pneumonia. The researchers
found significant reductions in length of stay, respiratory failure and
duration of antibiotics in the conventional care plus OMT group.?!
Yao et al. performed a systematic review of the literature examining
OMT in patients diagnosed with pneumonia. 2 This review examined
6 RCTs of good quality and summarized their findings as 5 effective
techniques that address lung function: inhalation and exhalation dys-
function, diaphragmatic and rib cage mobility, and thoracic lymphatic
flow (i.e. thoracic pump). All techniques are illustrated in this review.
While this review examined bacterial pneumonia, these OMT techni-
ques address underlying issues also seen in viral pneumonia and
ARDS. Based on an extensive literature review and clinical experi-
ence, Wang et al. conclude that the best OMT techniques for COVID-
19 recovery are modified segmental breathing, lymphatic drainage
and rib cage mobility.

OMT may also assist with development of immunity. Jackson et al.
examined the effect of OMT techniques (lymphatic pump and splenic
pump) during hepatitis B vaccination.®* In this pilot study (N = 20),
participants received the 3 OMT sessions per week for 2 weeks after
each vaccination. By week 6, the OMT intervention group had signifi-
cantly higher antibody titers and this improvement continued
throughout the course of the study. The authors posit that lymphatic
and splenic pump techniques improved the immunologic response
through the movement of lymphatic fluid.

Qigong

Qigong, an ancient practice of meditation, breathing and slow
movements, has been shown to improve pulmonary function and
may be of benefit in COVID-19.%° Lim et al. performed a small study
(N = 20) examining the effect of Qigong (20 min per day for 10 days)
in normal volunteers.®° Participants had a significant increase in ven-
tilatory efficiency for oxygen use and carbon dioxide production
(p<0.05); the authors posit that this represented a 20% increase in
ventilatory efficiency, and that Qigong is an effective technique for
increasing lung capacity and efficiency. Sakata et al. studied the effect
of a 12-week Qigong and aerobic exercise program on 72 healthy Jap-
anese women aged 60—86 years of age.®” The intervention consisted
of 90 min of supervised Qigong and 25 min of aerobic exercise once a
week, with an additional 20 min of home-based Qigong per day.
Physical function improved, and lung capacity increased significantly
in participants aged 6069, although not in those older than 69.

Feng et al. completed an extensive literature search for Qigong to
examine its potential in COVID-19 prevention and rehabilitation.®®
They reviewed data for effectiveness in hypertension, asthma, COPD,
mood disorders, cognitive impairment, pain relief and muscle strength.
They concluded that the efficacy of Qigong is based on 4 mechanisms:
management of stress and emotion, strengthening respiratory
muscles, reducing inflammation, and enhancing immune function. In
respiratory patients, Qigong improved pulmonary function as well as
6-minute walking distance. They specifically recommend three Qigong
practices for COVID-19 prevention and rehabilitation - Diaphragmatic

breathing, Ba Duan Jin (a series of 8 slow movements and stretching),
and Liu Zi Jue (diaphragmatic breathing with pursed lip breathing, ton-
ing and mild- body movements.

Wayne et al. did a systematic review of 22 studies on Tai Chi and
Qigong with cancer related symptoms and found significant improve-
ment in fatigue, sleep, depression, and overall quality of life.®® Chan
et al. reviewed data on Qigong in two studies of chronic fatigue
patients, both trials lasted between 5 and 8 weeks, with a minimum
practice of 30 min 3 times per week.”® They found significant decrease
in depressive symptoms, fatigue, and an improvement in sleep.

Home based Qigong may also be very effective for COVID-19. A small
feasibility study in China offered a 12-minute Qigong routine twice a
day to COVID-19 patients while convalescing.’! Patients kept a journal
of their experiences. This pilot found 100% adherence; the authors con-
clude that home Qigong is a feasible at home rehabilitation program for
COVID-19 recovery. Qigong can be learned through classes (including
on-line); the feasibility of doing Qigong at home is promising.

Breathing exercises

Expert opinion in the recent COVID-19 literature stresses the use
of breathing exercises in COVID rehabilitation, with the caveat that it
must not be introduced too early; patients should be off supplemen-
tal oxygen.”>> Hanada et al. published a systematic review of 14
studies examining the effect of specific types of pulmonary rehabili-
tation (PR) on hypoxia and pulmonary function in patients with idio-
pathic pulmonary fibrosis (IPF).°* The authors report that aerobic
exercise plus either diaphragmatic breathing exercises or inspiratory
muscle training (IMT) significantly increased 6-minute walk distance,
leading the authors to conclude that breath work added to aerobic
exercise may be an important addition to the treatment of pulmonary
fibrosis.>> Borge et al. did a systematic review of breathing exercises
including diaphragmatic breathing (DB), pursed-lip breathing (PLB),
yoga breathing relaxation techniques (RT), and body position exer-
cises (BPEs) in COPD patients.”® The strongest evidence was for PBL,
with an improvement of dyspnea found to be at 40%.

Wang et al. also included breathing exercises in their recommen-
dations for MtoM COVD-19 rehabilitation.®” They recommend start-
ing 10 min per session, 2—3 times per day, with a progression up to a
total of 60 min per day. The techniques they suggest include DB, PLB,
pranayama (a yogic breathing practice), tai chi breath work, or sing-
ing.”® As patients are able to do this before aerobic exercise, breath-
ing exercises are one of the first elements that can be started for
COVID-19 rehabilitation.”® Breathing techniques can be instructed
virtually and may be easily added early in recovery and effective for
COVID-19 rehabilitation.

Exercise and pulmonary rehabilitation

Moderate exercise appears to be key for immune support and
improved recovery. Many observational studies correlate exercise fit-
ness prior to viral infection with lowering the severity of illness;
interventional studies also support this finding.!°° Moderate exercise
improves cytotoxic immunity'°! and reduces pulmonary fibrosis'%?
in animal studies.

A single blinded randomized controlled study by Lau et al. of 133
SARS survivors examined a 6-week exercise training and demonstrated
a significant improvement in the 6-minute walk test (77.4 m vs 20.1 m,
p<0.001) and VO2max (3.6 ml/kg/min vs 1 ml/kg/min, p = 0.04).'% This
study found that the type of training (self-trained versus supervised
training) was not significant although all the participants’ regimens
were overseen by a physical therapist during the course of the study.
This suggests that virtual oversight could be utilized.

The Stanford Hall consensus statement for post COVID-19, created
as an evidence-based set of UK guidelines, states that rehabilitation
should be started after it is clear there are no cardiac complications
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and within 30 days in the post-acute phase.'® For asymptomatic,
mildly symptomatic and symptomatic patients not requiring hospi-
talization, they recommend exercise training as the core of the reha-
bilitation, graded to the patient’s ability. For patients who were
asymptomatic, they do not suggest exercise restrictions. For those
with MtoM COVID-19 symptoms, once recovering, they suggest 1
week of low-level stretching, and light muscle strengthening, before
returning to moderate cardiovascular exercise. They stress that high
intensity training is avoided until fully recovered.'°

Wang et al. structure their COVID-19 rehabilitation
recommendations according to the severity of dyspnea with the Borg
dyspnea score.'°® For MtoM COVID-19, they recommend initially
starting with aerobic exercise (i.e. walking or biking) for 10—15 min,
1-2 times per day on 3—4 days each week with an intensity that
keeps the Borg dyspnea score < 3. Next they recommend incremental
increases in intensity every 2—3 sessions to reach a Borg dyspnea
score of 4—6, and to increase the duration incrementally to a maxi-
mum of 30—45 min per session.

Stress management
Mindfulness

Extensive literature shows that chronic stress, termed allostatic
load,'®” impacts immune system function and, largely through the
anti-inflammatory effects of glucocorticoids,'°®'% leads to more fre-
quent and severe viral infections,''>!!" reduced vaccine take-rate,''?
prolonged wound healing,''® and speeding of chromosomal aging.''*
Mind-body interventions, such as mindfulness meditation, or those
combining mindfulness with gentle exercise, such as yoga and Tai
Chi, lower the brain’s stress response, and also trigger the brain’s
relaxation response.' !> The latter, via enhancing the parasympathetic
nervous system and vagus nerve release of acetylcholine, provide a
brake to the stress response and boost the anti-inflammatory compo-
nents of the immune response.''® All mind-body practices, including,
but not limited to meditation, yoga, Tai Chi, and guided imagery,
incorporate deep breathing. Deep breathing initiates the vagal para-
sympathetic response, as measured by heart rate variability (HRV),'!”
lowers the stress response and impacts the immune response.' 8119
In addition, these, and other, mind-body practices boost brain dopa-
mine reward and endogenous opioid anti-pain pathways.'?°

Creativity

Studies have demonstrated measurable health benefits associated
with creative expression in healthy individuals as well as in those
with medical conditions. Improvements in mood, psychological well-
being and immune system functioning have been noted.'?!'?2 There
have been more than 400 studies assessing the impact of expressive
writing on various health conditions.’?* Although studies on the ben-
efits of expressive writing have mixed or marginal results, expressive
writing is associated with some conditions with relevance to COVID-
10 convalescence. Expressive writing is associated with improve-
ments in lung function in adults with asthma,'?* improvement in
chronic pain,'®® and improvement in mental health.'*® One well-
studied form of creativity is expressive writing, or journaling. A small
randomized trial was conducted in which individuals with active HIV
infections were assigned to one of two groups over a 4-day period.'?’
One group wrote about an emotional topic, while the control group
wrote about non-emotional events. The emotional writing group was
noted to have decreased viral load and an associated increase in CD4
counts compared to the control writing group. Although causality is
not established here, there is a suggestion that this expressive writing
exercise could potentially be beneficial.

Creative writing may provide individuals with an opportunity to
express their experiences without interruption by a listener, without

the need to filter entries to make them acceptable to others, and
without the need for special equipment or supplies. However, there
may be need for caution in using this technique with those unaccus-
tomed to any emotional expression.’?®

Aromatherapy

Aromatherapy is the aerosolization of plant-derived essential oils.
The volatile essential oils found in plants carry aromatic qualities,
interact with the mucus membranes of the respiratory tract and
affect the limbic system. There are certain clinical applications of aro-
matherapy which may be of benefit in the setting of convalescence
from COVID-19 infection. Lavender essential oil has potential thera-
peutic value in convalescence due to its stress-reducing and anxio-
lytic effects. Lavender aromatherapy has been found, in a variety of
clinical contexts, to exert anxiolytic effects and to improve sleep
quality.!?130131 Reduction in anxiety correlates with self-perceived
wellness, improves adherence to healthy behaviors and improves
sleep — all essential to convalescence from viral infections. In another
application of aromatherapy in light of the shared underlying patho-
physiology between asthma, COPD and COVID-19 pulmonary disease,
namely NLRP3 inflammasome activation, oxidative stress, hypoxia
and mitochondrial dysfunction,'®? it is proposed that essential oils
beneficial in asthma and COPD may also be beneficial in COVID-19
disease. Specifically, oral administration of 1,8-cineole, a main con-
stituent of eucalyptus oil, at 200 mg three times daily, improves pul-
monary function in asthmatics.”*®> 1,8-Cineole improves lung
function via mucolytic, anti-inflammatory, bronchodilatory, antioxi-
dant and antimicrobial effects. However, in healthy volunteers, nebu-
lized essential oils of peppermint, eucalyptus or rosemary did not
affect spirometry readings.'**

Sleep

Good sleep quality is essential for health, and the physical envi-
ronment plays an important role in supporting healthy sleep. Expo-
sure to full spectrum circadian sunlight from 8am to 12 noon reduces
sleep latency (time to fall asleep), improves sleep quality and
improves mood."*® In the absence of sunlight, full spectrum light
boxes can also be effective in sleep support and in reducing depres-
sive symptoms.'*°

Environment

The physical environment can similarly play a role in either trig-
gering the stress response and contributing to chronic stress, or in
triggering the relaxation response. There are many features of the
physical environment that increase stress: noise; light; foul odors;
extremes of temperature and humidity; crowding; and mazes. Cumu-
lative exposure to stressful environments can thus contribute to allo-
static load and impair immune system function. Conversely elements
of the physical environment that relax and counter these effects of
stress include soothing nature sounds; diffuse light and full spectrum
sunlight in the morning; natural fragrances from essential oils, such
as lavender; social support and positive social interactions'>”; and
labyrinths, which unlike mazes, can induce a state of walking medita-
tion. Human preference for green spaces, termed biophilia, whether
views of nature, being in nature, or even images of nature, reduce
stress, and has even been shown to speed post-surgical recovery'*®
and improve quality of life in bone marrow transplant patients.'*

Sound can also stress or calm. Spaces that are too noisy or too
quiet can increase the stress response,'“° and sound abating features
can help to mitigate these effects (carpets, ceiling tiles). A study in
Sweden showed that changing the ceiling tiles in intensive care units
reduced stress in staff and led to a better night's sleep.'*! Nature
sounds, such as running water or forest sounds have also been shown



to reduce stress and bring on better sleep quality.'*? Similarly calm-
ing music improves moods, reduces stress and activates dopamine

reward pathways.#>144
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Finally, relative humidity (RH) outside the 30-60% range

increases stress, as measured by HRV by up to 25%, while RH in the

45% +|- 5% range is optimal for reducing the stress response.'*> RH in
the discomfort range (less than 30% or greater than 60%) is also asso-

ciated with poorer sleep quality, due to increased stress. Relative
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humidity lower than 30% also increases susceptibility to viral infec-
tion, likely due to drying of mucus membranes.

The recommendations outlined in this review are summarized in

Table 1. below.

Table 1
Summary of IM Considerations in Convalescence from MtoM COVID-19.

Integrative Intervention Rationale Clinical Considerations Citations

Anti-inflammatory diet Improved pulmonary function; reduced Daily dietary pattern Ralston(2017)*°
NLRP3 inflammasome activation; antioxi- Lim(2018)*®
dant; improves mood and cognition Han(2020)*°

Biswas(2013)*
Nachmias(2019)**
Lee(2015)**

Increase dietary protein intake Repletion post-infection; increases phagocy-  1.2—1.5 g/kg body weight/ Nie(2018)*®
tosis, improves NK cell activity, increases day Bauer(2013)*°
immunoglobulin production

Increase fruit and vegetable intake Vitamin and mineral repletion post-infection; '/, the plate each meal Hosseini(2017)*!
reduces airway inflammation; increases T- Chang(2017)* Hosseini(2018)*
cell activation

Vitamin D3 Anti-viral; anti-inflammatory; vit D suffi- Oral: 300—-4000IU/day Gorman(2017)*°
ciency is associated with improved COVID- Martineau(2017)*® Herr(2011)*
19 related morbidity and mortality Pereira(2020)>°

Glutathione Anti-viral; upregulates vit D receptors, Oral: 250mg- 1000 mg/day Richie(2015)>’ Polonikov(2020)>*
decreases respiratory distress; increases NK Horowitz(2020)>*
cell cytotoxicity Richie(2015)*”

Melatonin Anti-inflammatory by reducing IL — 14; anti- ~ Oral: 2 mg — 20 mg/night Reiter(2020)°°
oxidant; decreases symptoms of viral Therapeutics Research Center Natural Med- Reiter(2020)°"
infections icines(Accessed 2020)% Alamili(2014)%*

Cordyceps Improved NK cell cytotoxicity; improves ven-  Oral: 1.5 g — 3 g/day Jung(2019)%°
tilatory capacity; reduces airway Therapeutics Research Center Natural Med- Kang(2015)°°
inflammation icines(Accessed 2020)%° Chen(2010)°%”

Wang(2007)%®

Astragalus Reduces inflammation, specifically IL — 18 Oral: 400 mg — 2000 mg of standardized Huang(2019)"!
and IL-6, TNFq, IL-8 and IL-32; improves extract/day Jiang(2015)7?
pulmonary function Therapeutics Research Center Natural Med-

icines(Accessed 2020)"*

Aged garlic extract Anti-inflammatory with down-regulation of ~ Oral: 2.4 g — 3.2 g/day Ruhee(2020)7*
NFKB; reduces inflammation with Tattelman(2005)"% Nantz(2012)"°
decreased IL-6 and TNF; improves T-cell Xu(2018)”7
and NK cell activity

Osteopathic manipulation Increases pulmonary function, diaphragmatic 3 OMT sessions per week of: modified seg- Noll(2010)®"
and rib cage mobility, and thoracic lym- mental breathing, lymphatic drainage, rib Yao(2014)%*
phatic flow; increases immune response cage motility Wang(2020)%*

Jackson(1998)
Qigong Increases ventilatory efficiency, increases lung 20—90 min/day Lim(1993)%¢
capacity, improves physical function Lim(1993)%¢ Sakata(2008)”
Sakata(2008)%”
Breathing exercises (pursed lip breathing, Added to exercise, reduces risk of pulmonary  Start after supplemental oxygen treatmentis  Hanada(2020)°*
diaphragmatic breathing, pranayama, tai fibrosis; improves dyspnea concluded; 10 min/session, 2—3 times/day Borge(2014)%*
chi breath work, singing) and progress up to 60 min/day Wang(2020)%

Aerobic exercise

Stress reduction

Creative expression

Aromatherapy

Environment optimization

Increases ventilatory capacity, decrease pul-
monary fibrosis

Anti-inflammatory, initiates parasympathetic
response, activates endogenous opioid anti-
pain pathways

Improves mood and psychological well-being;
enhances immunity; improves lung func-
tion; improves chronic pain

Improved pulmonary function, decreased

stress and improves sleep quality

Stress reduction, improved mood, enhanced
immunity, better sleep

Wang(2020)%*

10-15 min of moderate exercise 1-2 x/day
on 3—4 days/week
Wang(2020)%

Meditation, yoga, Tai Chi, guided imagery

Visual art, music, expressive writing

Oral: 1,8-cineole 200 g three times daily; Dif-
fused or topical lavender essential oil
Juergens(2020)'**

Full spectrum Circadian light exposure; time
in Nature; calming music or sounds; indoor
relative humidity 30—60%

Lau(2005)'%*
Barker-Davies(2020)'
Wang(2020)%*

Tracey(2007)''¢
Thayer(2006)''®
Williams(2019)'*?
Bhasin(2013)"%°

Stuckey(2010)'2!
Baikie(2005)"%?
Smith(2015)'2*
Trompetter(2015)'%°

Ozkaraman(2018)'%°
Senturk(2018)"*°
Lillehei(2015)'*!
Juergens(2020)'**

Cohen(1997)'!!
Ulrich(1984)'2®
Levitin(2006)'**
Ellis(2010)'%*
Razjouyan(2020)'%°
Taylor(2016)'4°
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Value of integrative medicine in convalescence from mild-
moderate COVID-19 illness

Integrative Medicine focuses on the human organism’s innate
capacity for healing. Convalescence from disease, like recovery from
injury, places great demands on the body’s mechanisms of healing. In
this article, we have given specific advice based on current evidence
about diet, supplements, physical activity, stress management, and
other helpful therapeutic modalities. This advice will continue to
evolve as we care for patients recovering from MtoM COVID-19. Ide-
ally, a randomized a trial would confirm the value of these therapies
as well as any additive, negative, or synergistic effects. Until that
time, the high safety profile of these recommendations align with the
first principle of medicine primum non nocere.

The most important contribution of IM is the assurance that the
body’s healing system is fully capable of restoring wellness. Depend-
ing on age, state of health at the onset of illness, and the severity of
your illness, the process may take longer for some. Nonetheless, it is
imperative to trust in the wisdom of the body and the healing power
of nature.

Declaration of Competing Interest

None.

References

1. Li W, Moore M], Vasilieva N, et al. Angiotensin-converting enzyme 2 is a func-
tional receptor for the SARS coronavirus. Nature. 2003;426(6965):450-454.
https://doi.org/10.1038/nature02145.

. Hoffmann M, Kleine-Weber H, Schroeder S, et al. SARS-CoV-2 cell entry depends
on ACE2 and TMPRSS2 and is blocked by a clinically proven protease inhibitor.
Cell. 2020;181(2):271-280. https://doi.org/10.1016/j.cell.2020.02.052.

. Hamming I, Timens W, Bulthuis M, Lely A, Navis G, van Goor H. Tissue distribu-
tion of ACE2 protein, the functional receptor for SARS coronavirus. A first step in
understanding SARS pathogenesis. J. Pathol. 2004;203(2):631-637. https://doi.
org/10.1002/path.1570.

4. Lukiw W], Pogue A, Hill JM. SARS-CoV-2 infectivity and neurological targets in the
brain. Cell Mol Neurobiol. 2020 Aug;25:1-8. https://doi.org/10.1007/s10571-020-
00947-7.

. Li MY, Li L, Zhang Y, Wang XS. Expression of the SARS-CoV-2 cell receptor gene
ACE2 in a wide variety of human tissues. Infect Dis Poverty. 2020 Apr 28;9(1):45.
https://doi.org/10.1186/s40249-020-00662-x.

. Gralinski LE, Baric RS. Molecular pathology of emerging coronavirus infections. J
Pathol. 2015;235(2):185-195. https://doi.org/10.1002/path.4454,

. Wong CK, Lam CW, Wu AK, et al. Plasma inflammatory cytokines and chemokines
in severe acute respiratory syndrome. Clin Exp Immunol. 2004;136(1):95-103.
https://doi.org/10.1111/j.1365-2249.2004.02415.x.

. Ackermann M, Verleden SE, Kuehnel M, Haverich A, et al. Pulmonary Vascular
Endothelialitis, Thrombosis, and Angiogenesis in Covid-19. N Engl ] Med. 2020 Jul
9;383(2):120-128. https://doi.org/10.1056/NE]M0a2015432.

. Bikdeli B, Madhavan MV, Jimenez D, Chuich T, et al. Global COVID-19 thrombosis
collaborative group, endorsed by the ISTH, NATF, ESVM, and the IUA, supported
by the ESC working group on pulmonary circulation and right ventricular func-
tion. COVID-19 and thrombotic or thromboembolic disease: implications for pre-
vention, antithrombotic therapy, and follow-up: JACC state-of-the-art review. |
Am Coll Cardiol. 2020 Jun 16;75(23):2950-2973. https://doi.org/10.1016/j.
jacc.2020.04.031.

10. Zhou LP, Wang J, Xie RH, et al. The effects of traditional Chinese medicine as an
auxiliary treatment for COVID-19: a systematic review and meta-analysis. ] Altern
Complement Med. 2020 Nov 20. https://doi.org/10.1089/acm.2020.0310.

11. Adithya J, Nair B, Aishwarya S, Nath LR. The plausible role of Indian traditional
medicine in combating corona virus (SARS-CoV 2): a mini-review. Curr Pharm
Biotechnol. 2020 Aug 6. https://doi.org/10.2174/1389201021666200807111359.

12. Hu Z, Song C, Xu C, et al. Clinical characteristics of 24 asymptomatic infections
with COVID-19 screened among close contacts in Nanjing. China Sci China Life Sci.
2020;63(5):706-711. https://doi.org/10.1007/s11427-020-1661-4.

13. George PM, Wells AU, Jenkins RG. Pulmonary fibrosis and COVID-19: the poten-
tial role for antifibrotic therapy. Lancet Respir Med. 2020;2600(20):1-9. https://
doi.org/10.1016/s2213-2600(20)30225-3.

14. Giannis D, Ziogas IA, Gianni P. Coagulation disorders in coronavirus infected
patients: COVID-19, SARS-CoV-1, MERS-CoV and lessons from the past. J Clin
Virol. 2020;127:(March) 104362. https://doi.org/10.1016/j.jcv.2020.104362.

15. Yao Z, Zheng Z, Wu K, Junhua Z. Inmune environment modulation in pneumonia
patients caused by coronavirus: sARS-CoV, MERS-CoV and SARS-CoV-2. Aging
(Albany NY). 2020;12(9):7639-7651. https://doi.org/10.18632/aging.103101.

N

w

w

[=2]

~

o]

©

16.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Miesbach W, Makris M. COVID-19: coagulopathy, risk of thrombosis, and the
rationale for anticoagulation. Clin Appl Thromb Hemost. 2020 Jan-Dec;26. https://
doi.org/10.1177/1076029620938149. 1076029620938149.

. Giannis D. 2020, op.cit.
. Cunha LL, Perazzio SF, Azzi ], Cravedi P, Riella LV. Remodeling of the immune

response with aging: immunosenescence and its potential impact on COVID-19
immune response. Front Immunol. 2020 Aug 7;11:1748. https://doi.org/10.3389/
fimmu.2020.01748.

. Benson S, Brinkhoff A, Lueg L, et al. Effects of acute systemic inflammation on the

interplay between sad mood and affective cognition. Transl Psychiatry. 2017;7
(12):1-9. https://doi.org/10.1038/s41398-017-0043-0.

"What is Integrative Medicine?" The Andrew Weil center for integrative medi-
cine, University of Arizona Andrew Weil Center for Integrative Medicine; https://
integrativemedicine.arizona.edu/about/definition.html; 2020. Accessed July 2,
2020.

Maizes V, Rakel D, Neimiec C. Integrative medicine and patient centered care.
EXPLORE: ] Sci Heal. 2009;4(5):227-289. https://doi.org/10.1016/j.
explore.2009.06.008.

Chatzimarkakis J. Why patients should be more empowered: a European per-
spective on lessons learned in the management of diabetes. [28/5/2018]. J Diabe-
tes Sci Technol. 2010;4(6):1570-1573. https://doi.org/10.1177/
193229681000400634.

McCorkle R, Ercolano E, Lazenby M, et al. Self-management: enabling and
empowering patients living with cancer as a chronic illness. CA Cancer J Clin.
2011 Jan-Feb;61(1):50-62. https://doi.org/10.3322/caac.20093.

Pavillard LE, Marin-Aguilar F, Bullon P, Cordero MD. Cardiovascular diseases,
NLRP3 inflammasome, and western dietary patterns. Pharmacol Res. 2018
May;131:44-50. https://doi.org/10.1016/j.phrs.2018.03.018.

Ralston JC, Lyons CL, Kennedy EB, Kirwan AM, Roche HM. Fatty acids and NLRP3
inflammasome-mediated inflammation in metabolic tissues. Annu Rev Nutr. 2017
Aug 21;37:77-102. https://doi.org/10.1146/annurev-nutr-071816-064836.

Lim H, Min DS, Park H, Kim HP. Flavonoids interfere with NLRP3 inflammasome
activation. Toxicol Appl Pharmacol. 2018 Sep 15;355:93-102. https://doi.org/
10.1016/j.taap.2018.06.022.

Meyers AK, Zhu X. The NLRP3 inflammasome: metabolic regulation and contribu-
tion to inflammaging. Cells. 2020 Jul 30;9(8):1808. https://doi.org/10.3390/
cells9081808.

Paniri A, Akhavan-Niaki H. Emerging role of IL-6 and NLRP3 inflammasome as
potential therapeutic targets to combat COVID-19: role of IncRNAs in cytokine
storm modulation. Life Sci. 2020 Sep 15;257: 118114. https://doi.org/10.1016/j.
1fs.2020.118114.

Freeman TL, Swartz TH. Targeting the NLRP3 inflammasome in severe COVID-19.
Front Immunol. 2020 Jun 23;11:1518. https://doi.org/10.3389/fimmu.2020.01518.
Han Y, Jerschow E, Forno E, et al. Dietary patterns, asthma, and lung function in
the hispanic community health study/study of Latinos. Ann Am Thorac Soc.
2020;17(3):291-301. https://doi.org/10.1513/AnnalsATS.201908-6290C.

Hanson C, Sayles H, Rutten E, et al. The association between dietary intake
and phenotypical characteristics of COPD in the ECLIPSE Cohort. Chronic
Obstr Pulm Dis | COPD Found. 2014;1(1):115-124. https://doi.org/10.15326/
jcopdf.1.1.2014.0113.

Biswas S, Hwang ], Kirkham P, Rahman I. Pharmacological and dietary antioxidant
therapies for chronic obstructive pulmonary disease. Curr Med Chem. 2013;20
(12):1496-1530. https://doi.org/10.2174/0929867311320120004.

Nachmias N, Langier S, Brzezinski RY, et al. NLRP3 inflammasome activity is upre-
gulated in an in-vitro model of COPD exacerbation. PLoS ONE. 2019 May 21;14:
(5) e0214622. https://doi.org/10.1371/journal.pone.0214622.

Lee ], Pase M, Pipingas A, et al. Switching to a 10-day Mediterranean-style diet
improves mood and cardiovascular function in a controlled crossover study.
Nutrition. 2015;31(5):647-652. https://doi.org/10.1016/j.nut.2014.10.008.
Scrimshaw NS. Effect of infection on nutrient requirements. | Parenter Enter Nutr.
1991;15(6):589-600.

Im JH, Je YS, Baek ], Chung MH, Kwon HY, Lee JS. Nutritional status of patients
with COVID-19. Int | Infect Dis. 2020 Nov;100:390-393. https://doi.org/10.1177/
0148607191015006589.

Scrimshaw 1991 op cit.

Nie C, He T, Zhang W, Zhang G, Ma X. Branched chain amino acids: beyond nutri-
tion metabolism. Int ] Mol Sci. 2018;19(4). https://doi.org/10.3390/ijms19040954.
Phillips SM. Dietary protein requirements and adaptive advantages in athletes.
Br ] Nutr. 2012;108(SUPPL. 2):158-167. https://doi.org/10.1017/
S0007114512002516.

Bauer J, Biolo G, Cederholm T, et al. Evidence-based recommendations for optimal
dietary protein intake in older people: a position paper from the prot-age study
group. | Am Med Dir Assoc. 2013;14(8):542-559. https://doi.org/10.1016/j.
jamda.2013.05.021.

Hosseini B, Berthon BS, Wark P, Wood LG. Effects of fruit and vegetable consump-
tion on risk of asthma, wheezing and immune responses: a systematic review
and meta-analysis. Nutrients. 2017;9(4). https://doi.org/10.3390/nu9040341.
Hosseini B, Berthon BS, Saedisomeolia A, et al. Effects of fruit and vegetable con-
sumption on inflammatory biomarkers and immune cell populations: a system-
atic literature review and meta-analysis. Am J Clin Nutr. 2018 Jul 1;108(1):136-
155. https://doi.org/10.1093/ajcn/nqy082.

Britten P, Cleveland LE, Koegel KL, Kuczynski K], Nickols-Richardson SM. Updated
US department of agriculture food patterns meet goals of the 2010 dietary guide-
lines. J Acad Nutr Diet. 2012 Oct;112(10):1648-1655. https://doi.org/10.1016/j.
jand.2012.05.021.


https://doi.org/10.1038/nature02145
https://doi.org/10.1016/j.cell.2020.02.052
https://doi.org/10.1002/path.1570
https://doi.org/10.1002/path.1570
https://doi.org/10.1007/s10571-020-00947-7
https://doi.org/10.1007/s10571-020-00947-7
https://doi.org/10.1186/s40249-020-00662-x
https://doi.org/10.1002/path.4454
https://doi.org/10.1111/j.1365-2249.2004.02415.x
https://doi.org/10.1056/NEJMoa2015432
https://doi.org/10.1016/j.jacc.2020.04.031
https://doi.org/10.1016/j.jacc.2020.04.031
https://doi.org/10.1089/acm.2020.0310
https://doi.org/10.2174/1389201021666200807111359
https://doi.org/10.1007/s11427-020-1661-4
https://doi.org/10.1016/s2213-2600(20)30225-3
https://doi.org/10.1016/s2213-2600(20)30225-3
https://doi.org/10.1016/j.jcv.2020.104362
https://doi.org/10.18632/aging.103101
https://doi.org/10.1177/1076029620938149
https://doi.org/10.1177/1076029620938149
https://doi.org/10.3389/fimmu.2020.01748
https://doi.org/10.3389/fimmu.2020.01748
https://doi.org/10.1038/s41398-017-0043-0
https://integrativemedicine.arizona.edu/about/definition.html
https://integrativemedicine.arizona.edu/about/definition.html
https://doi.org/10.1016/j.explore.2009.06.008
https://doi.org/10.1016/j.explore.2009.06.008
https://doi.org/10.1177/193229681000400634
https://doi.org/10.1177/193229681000400634
https://doi.org/10.3322/caac.20093
https://doi.org/10.1016/j.phrs.2018.03.018
https://doi.org/10.1146/annurev-nutr-071816-064836
https://doi.org/10.1016/j.taap.2018.06.022
https://doi.org/10.1016/j.taap.2018.06.022
https://doi.org/10.3390/cells9081808
https://doi.org/10.3390/cells9081808
https://doi.org/10.1016/j.lfs.2020.118114
https://doi.org/10.1016/j.lfs.2020.118114
https://doi.org/10.3389/fimmu.2020.01518
https://doi.org/10.1513/AnnalsATS.201908-629OC
https://doi.org/10.15326/jcopdf.1.1.2014.0113
https://doi.org/10.15326/jcopdf.1.1.2014.0113
https://doi.org/10.2174/0929867311320120004
https://doi.org/10.1371/journal.pone.0214622
https://doi.org/10.1016/j.nut.2014.10.008
http://refhub.elsevier.com/S1550-8307(20)30417-1/sbref0035
http://refhub.elsevier.com/S1550-8307(20)30417-1/sbref0035
https://doi.org/10.1177/0148607191015006589
https://doi.org/10.1177/0148607191015006589
https://doi.org/10.3390/ijms19040954
https://doi.org/10.1017/S0007114512002516
https://doi.org/10.1017/S0007114512002516
https://doi.org/10.1016/j.jamda.2013.05.021
https://doi.org/10.1016/j.jamda.2013.05.021
https://doi.org/10.3390/nu9040341
https://doi.org/10.1093/ajcn/nqy082
https://doi.org/10.1016/j.jand.2012.05.021
https://doi.org/10.1016/j.jand.2012.05.021

44,

45.

46.

47.

48.

49.

50.

51.
52.

53.

54.

55.

56.

57.

58.
59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

L. Alschuler et al. / Explore 18 (2022) 140—148

Chang S, Koegel K. Back to basics: all about my-plate food groups. ] Acad Nutr Diet.
2017 Sep;117(9):1351-1353. https://doi.org/10.1016/j.jand.2017.06.376.
Gorman S, Buckley AG, Ling KM, et al. Vitamin D supplementation of initially vita-
min p-deficient mice diminishes lung inflammation with limited effects on pul-
monary epithelial integrity. Physiol Rep. 2017;5(15):1-12. https://doi.org/
10.14814/phy2.13371.

Tan CW, Ho LP, Kalimuddin S, et al. Cohort study to evaluate the effect of vitamin
D, magnesium, and vitamin B12 in combination on progression to severe out-
comes in older patients with coronavirus (COVID-19). Nutrition. 2020 Nov-
Dec:79-80. https://doi.org/10.1101/2020.06.01.20112334. 111017.

Liu J, Dong YQ, Yin ], et al. Meta-analysis of vitamin D and lung function in
patients with asthma. Respir Res. 2019;20(1):1-11. https://doi.org/10.1186/
s12931-019-1072-4.

Martineau AR, Jolliffe DA, Hooper RL, Greenberg L, Aloia JF, et al. Vitamin D sup-
plementation to prevent acute respiratory tract infections: systematic review
and meta-analysis of individual participant data. BMJ. 2017 Feb 15;356:i6583.
https://doi.org/10.1136/bm;j.i6583.

Herr C, Greulich T, Koczulla RA, et al. The role of vitamin D in pulmonary disease:
COPD, asthma, infection, and cancer. Respir Res. 2011;12(1):1-9. https://doi.org/
10.1186/1465-9921-12-31.

Pereira M, Dantas Damascena A, Galvao Azevedo LM, de Almeida Oliveira T, da
Mota Santana J. Vitamin D deficiency aggravates COVID-19: systematic review
and meta-analysis. Crit Rev Food Sci Nutr. 2020 Nov 4:1-9. https://doi.org/
10.1080/10408398.2020.1841090.

Martineau 2017 op. cit.

Polonikov A. Endogenous deficiency of glutathione as the most likely cause of
serious manifestations and death in COVID-19 patients. ACS Infect Dis. 2020:
(2):8-12. https://doi.org/10.1021/acsinfecdis.0c00288.

Horowitz RI, Freeman PR, Bruzzese J. Efficacy of glutathione therapy in relieving
dyspnea associated with COVID-19 pneumonia: a report of 2 cases. Respir Med
Case Reports. 2020;30: 101063. https://doi.org/10.1016/j.rmcr.2020.101063.
Mahmoodpoor A, Hamishehkar H, Shadvar K, Ostadi Z, Sanaie S, Saghaleini SH
NN. The effect of intravenous selenium on oxidative stress in critically ill patients
with acute respiratory distress syndrome. Immunol Invest. 2018;48(2):147-159.
https://doi.org/10.1080/08820139.2018.1496098.

Soltan-Sharifi MS, Mojtahedzadeh M, Najafi A, et al. Improvement by N-acetyl-
cysteine of acute respiratory distress syndrome through increasing intracellular
glutathione, and extracellular thiol molecules and anti-oxidant power: evidence
for underlying toxicological mechanisms. Hum Exp Toxicol. 2007;26(9):697-703.
https://doi.org/10.1177/0960327107083452.

Vahdat Shariatpanahi Z, Mokhtari M, Taleban FA, et al. Effect of enteral feeding
with ginger extract in acute respiratory distress syndrome. J Crit Care. 2013;28
(2):217.1-217.e6. https://doi.org/10.1016/j.jcrc.2012.04.017.

Richie Jr JP, Nichenametla S, Neidig W, Calcagnotto A, Haley JS, et al. Randomized
controlled trial of oral glutathione supplementation on body stores of glutathi-
one. Eur J Nutr. 2015 Mar;54(2):251-263. https://doi.org/10.1007/s00394-014-
0706-z.

ibid, 2015.

Reiter RJ, Sharma R, Ma Q, Doninquez-Rodriguez A, Marik P, Abreu-Gonzalez P.
Melatonin inhibits COVID-19-induced cytokine storm by reversing aerobic gly-
colysis in immune cells: a mechanistic analysis. Med Drug Discov. 2020(6)
100044. https://doi.org/10.1016/j.medidd.2020.100044. May 11.

Duffy JF, Zitting KM, Chinoy ED. Aging and circadian rhythms. Sleep Med Clin.
2015;10(4):423-434. https://doi.org/10.1016/j.jsmc.2015.08.002.

Reiter R], Abreu-Gonzalez P, Marik PE, Dominguez-Rodriguez A. Therapeutic
algorithm for use of melatonin in patients with COVID-19. Front Med. 2020;7
(May):1-7. https://doi.org/10.3389/fmed.2020.00226.

Alamili M, Bendtzen K, Lykkesfeldt ], Rosenberg ], Gogenur I. Melatonin sup-
presses markers of inflammation and oxidative damage in a human daytime
endotoxemia model. J Crit Care. 2014;29(1):184.e9-184.e13. https://doi.org/
10.1016/j.jcrc.2013.09.006.

Therapeutics Research Center Natural Medicines. Melatonin professional mono-
graph. https://naturalmedicines.therapeuticresearch.com/databases/food,-herbs-
supplements/professional.aspx?productid=940#dosing; Accessed 14 Dec 2020.
Olatunji O], Tang J, Tola A, Auberon F, Oluwaniyi O, Ouyang Z. The genus Cordy-
ceps: an extensive review of its traditional uses, phytochemistry and pharmacol-
ogy. Fitoterapia. 2018;129(April):293-316. https://doi.org/10.1016/j.
fitote.2018.05.010.

Jung SJ, Jung ES, Choi EK, Sin HS, Ha KC, SW Chae. Immunomodulatory effects of a
mycelium extract of Cordyceps (Paecilomyces hepiali; CBG-CS-2): a randomized
and double-blind clinical trial. BMC Complem Altern Med. 2019;19(1):1-8. https://
doi.org/10.1186/512906-019-2483-y.

Kang H, Baik H, Kim S, et al. Cordyceps militaris enhances cell-mediated immu-
nity in healthy Korean men. ] Med Food. 2015;18(10):1164-1172. https://doi.org/
10.1089/jmf.2014.3350.

Chen S, Li Z, Krochmal R, Abrazado M, Kim W, Cooper CB. Effect of Cs-4® (Cordy-
ceps sinensis) on exercise performance in healthy older subjects: a double-blind,
placebo-controlled trial. J Altern Complem Med. 2010;16(5):585-590. https://doi.
org/10.1089/acm.2009.0226.

Wang N-Q, Jiang L - D, Zhang X-M, Li Z-X. Effect of Dongchong Xiacao capsule on
airway inflammation of asthmatic patients] [article in Chinese]. Zhongguo Zhong
Yao Za Zhi. 2007;32(15):1566-1568.

Therapeutics Research Center Natural Medicines. Melatonin professional mono-
graph. https://naturalmedicines.therapeuticresearch.com/databases/food,-herbs-
supplements/professional.aspx?productid=602#dosing; Accessed 14 Dec 2020.

70.

71.

72.

73.

74.

75.

76.

77.

78.
79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.
. Wang 2020 op. cit.
93.

94,

99.

147

Zhang J, Wu C, Gao L, Du G, Qin X. 1st ed. Astragaloside IV Derived from Astragalus
Membranaceus: A Research Review on the Pharmacological Effects. 87. Elsevier Inc.;
2020. https://doi.org/10.1016/bs.apha.2019.08.002.

Huang WC, Kuo KT, Bamodu OA, et al. Astragalus polysaccharide (PG2) amelio-
rates cancer symptom clusters, as well as improves quality of life in patients with
metastatic disease, through modulation of the inflammatory cascade. Cancers
(Basel). 2019;11(8). https://doi.org/10.3390/cancers11081054.

Jiang D, Wang X, Su Q, et al. Milkvetch root improves immune function in patients
with acute exacerbation of COPD. Biomed Mater Eng. 2015;26(585):52113-S2121.
https://doi.org/10.3233/BME-151517.

Therapeutics Research Center Natural Medicines. Astragalus professional mono-
graph. https://naturalmedicines.therapeuticresearch.com/databases/food,-herbs-
supplements/professional.aspx?productid=963#dosing; Accessed 14 Dec 2020.
Ruhee RT, Roberts LA, Ma S, Suzuki K. Organosulfur compounds: a review of their
anti-inflammatory effects in human health. Front Nutr. 2020;7(June):64. https://
doi.org/10.3389/fnut.2020.00064.

Nantz MP, Rowe CA, Muller CE, Creasy RA, Stanilka JM, Percival SS. Supplementa-
tion with aged garlic extract improves both NK and y4-T cell function and
reduces the severity of cold and flu symptoms: a randomized, double-blind, pla-
cebo-controlled nutrition intervention. Clin Nutr. 2012;31(3):337-344. https://
doi.org/10.1016/j.clnu.2011.11.019.

Percival S. Aged garlic extract modifies human immunity. J Nutr. 2016;146
(2):4335-4368S. https://doi.org/10.3945/jn.115.210427.

Xu C, Mathews AE, Rodrigues C, et al. Aged garlic extract supplementation modi-
fies inflammation and immunity of adults with obesity: a randomized, double-
blind, placebo-controlled clinical trial. Clin Nutr ESPEN. 2018 Apr;24:148-155.
https://doi.org/10.1016/j.clnesp.2017.11.010.

Tattelman E. Health effects of garlic. Am Fam Physician. 2005 Jul;72(01):103-106.
Mueller D. The 2012-2013 influenza epidemic and the role of osteopathic manip-
ulative medicine. ] Am Osteopath Assoc. 2013;113(8):703-707. https://doi.org/
10.7556/ja0a.2013.036.

Smith RK. One hundred thousand cases of influenza with a death rate of one-for-
tieth of that officially reported under conventional medical treatment. 1919. ] Am
Osteopath Assoc. 2000 May;100(5):320-323.

Noll DR, Degenhardt BF, Morley TF, et al. Efficacy of osteopathic manipulation as
an adjunctive treatment for hospitalized patients with pneumonia: a randomized
controlled trial. Osteopath Med Prim Care. 2010 Mar 19;4:2.

Yao S, Hassani ], Gagne M, George G, Gilliar W. Osteopathic manipulative treat-
ment as a useful adjunctive tool for pneumonia. J Vis Exp. 2014 May 6:
(87):50687. https://doi.org/10.3791/50687.

Wang TJ, Chau B, Lui M, Lam GT, Lin N, Humbert S. Physical medicine and rehabil-
itation and pulmonary rehabilitation for COVID-19. Am J Phys Med Rehabil. 2020
Sep;99(9):769-774. https://doi.org/10.1097/PHM.0000000000001505.

Jackson KM, Steele TF, Dugan EP, Kukulka G, Blue W, Roberts A. Effect of lym-
phatic and splenic pump techniques on the antibody response to hepatitis B vac-
cine: a pilot study. ] Am Osteopath Soc. 1998 Mar;98(3):155-160.

Chen JM, Wang ZY, Chen YJ, Ni J. The application of eight-segment pulmonary
rehabilitation exercise in people with coronavirus disease 2019. Front Physiol.
2020 May 29;11:646. https://doi.org/10.3389/fphys.2020.00646.

Lim YA, Boone T, Flarity JR, Thompson WR. Effects of qigong on cardiorespiratory
changes: a preliminary study. Am J Chin Med. 1993;21(1):1-6. https://doi.org/
10.1142/S0192415X93000029. doi.org/.

Sakata T, Li Q, Tanaka M, Tajima F. Positive effects of a qigong and aerobic exercise
program on physical health in elderly Japanese women: an exploratory study.
Environ Health Prev Med. 2008 May;13(3):162-168. https://doi.org/10.1007/
$12199-008-0025-1.

Feng F, Tuchman S, Denninger JW, Fricchione GL, Yeung A. Qigong for the preven-
tion, treatment, and rehabilitation of COVID-19 infection in older adults. Am J Ger-
iatr ~ Psychiatry. 2020  Aug;28(8):812-819.  https://doi.org/10.1016/j.
jagp.2020.05.012.

Wayne PM, Lee MS, Novakowski ] ], et al. Tai Chi and Qigong for cancer-related
symptoms and quality of life: a systematic review and meta-analysis. ] Cancer
Surviv. 2018 April;12(2):256-267. https://doi.org/10.1007/s11764-017-0665-5.
Chan JSM, Ng SM, Yuen LP, Chan CLW. Qigong exercise for chronic fatigue syn-
drome. Int Rev Neurobiol. 2019;147:121-153. https://doi.org/10.1016/bs.
irn.2019.08.002.

Chen 2019 op. cit.

Borge CR, Hagen KB, Mengshoel AM, Omenaas E, Moum T, Wahl AK. Effects of
controlled breathing exercises and respiratory muscle training in people with
chronic obstructive pulmonary disease: results from evaluating the quality of evi-
dence in systematic reviews. BVIC Pulm Med. 2014 Nov 21;14:184. https://doi.
org/10.1186/1471-2466-14-184.

Hanada M, Kasawara KT, Mathur S, et al. Aerobic and breathing exercises improve
dyspnea, exercise capacity and quality of life in idiopathic pulmonary fibrosis
patients: systematic review and meta-analysis. ] Thorac Dis. 2020;12(3):1041-
1055. https://doi.org/10.21037/jtd.2019.12.27.

. ibid, 2020.

. Borge 2014 op. cit.

. Wang 2020 op. cit.

. Sakata T, Li Q, Tanaka M, Tajima F. Positive effects of a qigong and aerobic exercise

program on physical health in elderly Japanese women: an exploratory study.
Environ Health Prev Med. 2008 May;13(3):162-168. https://doi.org/10.1007/
$12199-008-0025-1.

Wang 2020 op. cit.


https://doi.org/10.1016/j.jand.2017.06.376
https://doi.org/10.14814/phy2.13371
https://doi.org/10.14814/phy2.13371
https://doi.org/10.1101/2020.06.01.20112334
https://doi.org/10.1186/s12931-019-1072-4
https://doi.org/10.1186/s12931-019-1072-4
https://doi.org/10.1136/bmj.i6583
https://doi.org/10.1186/1465-9921-12-31
https://doi.org/10.1186/1465-9921-12-31
https://doi.org/10.1080/10408398.2020.1841090
https://doi.org/10.1080/10408398.2020.1841090
https://doi.org/10.1021/acsinfecdis.0c00288
https://doi.org/10.1016/j.rmcr.2020.101063
https://doi.org/10.1080/08820139.2018.1496098
https://doi.org/10.1177/0960327107083452
https://doi.org/10.1016/j.jcrc.2012.04.017
https://doi.org/10.1007/s00394-014-0706-z
https://doi.org/10.1007/s00394-014-0706-z
https://doi.org/10.1016/j.medidd.2020.100044
https://doi.org/10.1016/j.jsmc.2015.08.002
https://doi.org/10.3389/fmed.2020.00226
https://doi.org/10.1016/j.jcrc.2013.09.006
https://doi.org/10.1016/j.jcrc.2013.09.006
https://naturalmedicines.therapeuticresearch.com/databases/food,-herbs-supplements/professional.aspx?productid=940#dosing
https://naturalmedicines.therapeuticresearch.com/databases/food,-herbs-supplements/professional.aspx?productid=940#dosing
https://doi.org/10.1016/j.fitote.2018.05.010
https://doi.org/10.1016/j.fitote.2018.05.010
https://doi.org/10.1186/s12906-019-2483-y
https://doi.org/10.1186/s12906-019-2483-y
https://doi.org/10.1089/jmf.2014.3350
https://doi.org/10.1089/jmf.2014.3350
https://doi.org/10.1089/acm.2009.0226
https://doi.org/10.1089/acm.2009.0226
http://refhub.elsevier.com/S1550-8307(20)30417-1/sbref0068
http://refhub.elsevier.com/S1550-8307(20)30417-1/sbref0068
http://refhub.elsevier.com/S1550-8307(20)30417-1/sbref0068
https://naturalmedicines.therapeuticresearch.com/databases/food,-herbs-supplements/professional.aspx?productid=602#dosing
https://naturalmedicines.therapeuticresearch.com/databases/food,-herbs-supplements/professional.aspx?productid=602#dosing
https://doi.org/10.1016/bs.apha.2019.08.002
https://doi.org/10.3390/cancers11081054
https://doi.org/10.3233/BME-151517
https://naturalmedicines.therapeuticresearch.com/databases/food,-herbs-supplements/professional.aspx?productid=963#dosing
https://naturalmedicines.therapeuticresearch.com/databases/food,-herbs-supplements/professional.aspx?productid=963#dosing
https://doi.org/10.3389/fnut.2020.00064
https://doi.org/10.3389/fnut.2020.00064
https://doi.org/10.1016/j.clnu.2011.11.019
https://doi.org/10.1016/j.clnu.2011.11.019
https://doi.org/10.3945/jn.115.210427
https://doi.org/10.1016/j.clnesp.2017.11.010
http://refhub.elsevier.com/S1550-8307(20)30417-1/sbref0078
https://doi.org/10.7556/jaoa.2013.036
https://doi.org/10.7556/jaoa.2013.036
http://refhub.elsevier.com/S1550-8307(20)30417-1/sbref0080
http://refhub.elsevier.com/S1550-8307(20)30417-1/sbref0080
http://refhub.elsevier.com/S1550-8307(20)30417-1/sbref0080
http://refhub.elsevier.com/S1550-8307(20)30417-1/sbref0081
http://refhub.elsevier.com/S1550-8307(20)30417-1/sbref0081
http://refhub.elsevier.com/S1550-8307(20)30417-1/sbref0081
https://doi.org/10.3791/50687
https://doi.org/10.1097/PHM.0000000000001505
http://refhub.elsevier.com/S1550-8307(20)30417-1/sbref0084
http://refhub.elsevier.com/S1550-8307(20)30417-1/sbref0084
http://refhub.elsevier.com/S1550-8307(20)30417-1/sbref0084
https://doi.org/10.3389/fphys.2020.00646
https://doi.org/10.1142/S0192415X93000029
https://doi.org/10.1142/S0192415X93000029
https://doi.org/10.1007/s12199-008-0025-1
https://doi.org/10.1007/s12199-008-0025-1
https://doi.org/10.1016/j.jagp.2020.05.012
https://doi.org/10.1016/j.jagp.2020.05.012
https://doi.org/10.1007/s11764-017-0665-5
https://doi.org/10.1016/bs.irn.2019.08.002
https://doi.org/10.1016/bs.irn.2019.08.002
https://doi.org/10.1186/1471-2466-14-184
https://doi.org/10.1186/1471-2466-14-184
https://doi.org/10.21037/jtd.2019.12.27
https://doi.org/10.1007/s12199-008-0025-1
https://doi.org/10.1007/s12199-008-0025-1

148

100.

101.
102.

103.

104.

105.
106.
107.
108.

109.

110.

111.

112.
113.
114.

115.

116.

117.

118.

119.

120.

121.

122.

123.

124.

L. Alschuler et al. / Explore 18 (2022) 140—148

Martin SA, Pence BD, Woods JA. Exercise and respiratory tract viral infections.
Exerc Sport Sci Rev. 2009 October;37(4):157-164. https://doi.org/10.1097/JES.0-
b013e3181b7b57b.

Wang 2020 op. cit.

Prata LO, Rodrigues CR, Martine JM, et al. ACE2 activator associated with physical
exercise potentiates the reduction of pulmonary fibrosis. Exp Biol Med.
2017;242:8-21. https://doi.org/10.1177/1535370216665174.

Lau HM, Ng GY, Jones AY, Lee EW, Siu EH, Hui DS. A randomised controlled trial of
the effectiveness of an exercise training program in patients recovering from
severe acute respiratory syndrome. Aust | Physiother. 2005;51(4):213-219.
https://doi.org/10.1016/s0004-9514(05)70002-7.

Barker-Davies RM, O'Sullivan O, Senaratne KPP, Baker P, et al. The Stanford Hall
consensus statement for post-COVID-19 rehabilitation. Br | Sports Med. 2020
Aug;54(16):949-959. doi:10:1136/bjsports-2020-102596.

ibid, 2020.

Wang 2020 op. cit.

McEwen BS, Stellar E. Stress and the individual. Mechanisms leading to disease.
Arch Intern Med. 1993;153(18):2093-2101.

Marques-Deak A, Cizza G, Sternberg E. Brain-immune interactions and disease
susceptibility. Mol Psychiatry. 2005 Mar;10(3):239-250. https://doi.org/10.1038/
sj.mp.4001643.

Sternberg EM. Neural regulation of innate immunity: a coordinated nonspecific
host response to pathogens. Nat Rev Immunol. 2006 Apr;6(4):318-328.

Glaser R, Kiecolt-Glaser JK. Stress-induced immune dysfunction: implications for
health. Nature Rev Immunol. 2005;5(3):243-251. https://doi.org/10.1038/
nri1571.

Cohen S, Doyle WJ, Skoner DP, Rabin BS, Gwaltney Jr. JM. Social ties and suscepti-
bility to the common cold. JAMA. 1997;277(24):1940-1944. https://doi.org/
10.1038/nri1810.

Glaser 2005 op.cit.

ibid, 2005.

Epel E, Daubenmier J, Moskowitz JT, Folkman S, Blackburn E. Can meditation slow
rate of cellular aging? Cognitive stress, mindfulness, and telomeres. Ann NY Acad
Sci. 2009;1172:34-53. https://doi.org/10.1111/1.1749-6632.2009.04414.x.

Benson H, Greenwood MM, Klemchuk H. The relaxation response: psychophysio-
logic aspects and clinical applications. Int J Psychiatry Med. 1975;6(1-2):87-98.
https://doi.org/10.2190/376W-E4AMT-QM6Q-HOUM.

Tracey K]. Physiology and immunology of the cholinergic antiinflammatory path-
way. J Clin Invest. 2007;117(2):289-296. https://doi.org/10.1172/JCI30555.

Peng CK, Henry IC, Mietus JE, et al. Heart rate dynamics during three forms of
meditation. Int J Cardiol. 2004;95(1):19-27. https://doi.org/10.1016/j.
ijcard.2003.02.006.

Thayer JF, Sternberg E. Beyond heart rate variability: vagal regulation of allostatic
systems. Ann N Y Acad Sci. 2006 Nov;1088:361-372. https://doi.org/10.1196/
annals.1366.014.

Williams DP, Koenig ], Carnevali L, et al. Heart rate variability and inflammation: a
meta-analysis of human studies. Brain Behav Immun. 2019 Aug;80:219-226.
https://doi.org/10.1016/j.bbi.2019.03.009.

Bhasin MK, Dusek JA, Chang BH, et al. Relaxation response induces temporal tran-
scriptome changes in energy metabolism, insulin secretion and inflammatory
pathways. PLoS ONE. 2013;8(5):e62817. https://doi.org/10.1371/journal.
pone.0172873. [published correction appears in PLoS One. 2017 Feb 21;12(2):
e0172873.].

Stuckey HL, Nobel J. The connection between art, healing, and public health: a
review of current literature. Am J Public Health. 2010 February;100(2):254-263.
https://doi.org/10.2105/AJPH.2008.156497.

Baikie KA, Wilhelm K. Emotional and physical health benefits of expressive writ-
ing. Adv Psychiatr Treatment. 2005;11:338-346. https://doi.org/10.1192/
apt.11.5.338. https://doi.org/.

Niles AN, Haltom KE, Mulvenna CM, Lieberman MD, Stanton AL. Randomized con-
trolled trial of expressive writing for psychological and physical health: the mod-
erating role of emotional expressivity. Anxiety Stress Coping. 2014 Jan;27(1):1-17.
https://doi.org/10.1080/10615806.2013.802308.

Smith HE, Jones CJ, Hankins M, et al. The effects of expressive writing on lung
function, quality of life, medication use, and symptoms in adults with asthma: a
randomized controlled trial. Psychosom Med. 2015 May;77(4):429-437. https://
doi.org/10.1097/PSY.0000000000000166.

125

126.

127.

128.
129.

130.

131.

132.

133.

134.

135.

136.

137.

138.

139.

140.

141.

142.

143.

144.

145.

146.

. Trompetter HR, Bohlmeijer ET, Veehof MM, Schreurs KM. Internet-based guided
self-help intervention for chronic pain based on Acceptance and Commitment
Therapy: a randomized controlled trial. ] Behav Med. 2015 Feb;38(1):66-80.
https://doi.org/10.1007/s10865-014-9579-0.

Baikie KA, Geerligs L, Wilhelm K. Expressive writing and positive writing for par-
ticipants with mood disorders: an online randomized controlled trial. ] Affect Dis-
ord. 2012 Feb;136(3):310-319. https://doi.org/10.1016/j.jad.2011.11.032.

Petrie KJ, Fontanilla I, Thomas MG, Booth R], Pennebaker JW. Effects of written
emotional expression on immune function in patients with human immunodefi-
ciency virus infection: a randomized trial. Psychosom Med. 2004;66(2):272-275.
https://doi.org/10.1097/01.psy.0000116782.49850.d3.

Niles 2014 op.cit.

Ozkaraman A, Dugum O, Yilmaz H, Yesilbalkan O. Aromatherapy: the effect of
lavender on anxiety and sleep quality in patients treated with chemotherapy.
Clin J Oncol Nurs. 2018;22(2):203-210. https://doi.org/10.1188/18.CJON.203-210.
Senturk A, Kartin P. The effect of lavender oil application via inhalation pathway
on hemodialysis patients’ anxiety level and sleep quality. Holist Nurs Pract.
2018;32(6):324-335. https://doi.org/10.1097/HNP.0000000000000292.

Lillehei AS, Halcdn LL, Savik K, Reis R. Effect of inhaled lavender and sleep hygiene
on self-reported sleep issues: a randomized controlled trial. J Altern Complem
Med. 2015;21(7):430-438. https://doi.org/10.1089/acm.2014.0327.

Potus F, Mai V, Lebret M, et al. Novel insights on the pulmonary vascular conse-
quences of COVID-19. Am ] Physiol Lung Cell Mol Physiol. 2020 Aug 1;319(2):
L277-1288. https://doi.org/10.1152/ajplung.00195.2020.

Juergens LJ, Worth H, Juergens UR. New perspectives for mucolytic, anti-inflam-
matory and adjunctive therapy with 1,8-cineole in COPD and asthma: review on
the new therapeutic approach. Adv Ther. 2020;37(5):1737-1753. https://doi.org/
10.1007/s12325-020-01279-0.

Koteles F, Babulka P, Szemerszky R, Domotor Z, Boros S. Inhaled peppermint,
rosemary and eucalyptus essential oils do not change spirometry in healthy indi-
viduals. Physiol Behav. 2018 Oct 1;194:319-323. https://doi.org/10.1016/j.phys-
beh.2018.06.022.

Figueiro MG, Steverson B, Heerwagen |, et al. The impact of daytime light expo-
sures on sleep and mood in office workers. Sleep Health. 2017 Jun;3(3):204-215.
https://doi.org/10.1016/j.sleh.2017.03.005.

Nussbaumer-Streit B, Forneris CA, Morgan LC, et al. Light therapy for preventing
seasonal affective disorder. Cochrane Database Syst Rev. 2019;3:(3) CD011269.
https://doi.org/10.1002/14651858.CD011269.pub3.

Cohen 1997, op.cit.

Ulrich RS. View through a window may influence recovery from surgery. Science.
1984;224(4647):420-421. https://doi.org/10.1126/science.6143402.

McCabe C, Roche D, Hegarty F, McCann S. Open Window": a randomized trial of
the effect of new media art using a virtual window on quality of life in patients'
experiencing stem cell transplantation. Psychooncology. 2013;22(2):330-337.
https://doi.org/10.1002/pon.2093.

Srinavasan K, Wellbuilt for Wellbeing Team. Using Digital Health Wearable Devices
to Understand the Relationship Between Sound levels and Wellbeing: A Segmented
Mixed-Effects Regression Approach. Seoul, Korea: Complete paper presented at
workshop on Information Technology and Systems; 2017.

Blomkvist V, Eriksen CA, Theorell T, Ulrich R, Rasmanis G. Acoustics and psycho-
social environment in intensive coronary care. Occup Environ Med. 2005;62(3):
el. https://doi.org/10.1136/0em.2004.017632.

Tsunetsugu Y, Park BJ, Miyazaki Y. Shinrin-yoku" (taking in the forest atmosphere
or forest bathing) in Japan. Environ Health Prev Med. 2010;15(1):27-37. https://
doi.org/10.1007/s12199-009-0091-z.

Levitin DJ. This is Your Brain on Music: the Science of a Human Obsession. 2006.
New York, N.Y., Dutton.

Ellis R], Thayer JF. Music and autonomic nervous system (Dys)function. Music Per-
cept. 2010 Apr;27(4):317-326. https://doi.org/10.1525/mp.2010.27.4.317.
Razjouyan J, Lee H, Gilligan B, et al. Wellbuilt for wellbeing: controlling relative
humidity in the workplace matters for our health. Indoor Air. 2020;30(1):167-
179. https://doi.org/10.1111/ina.12618.

Taylor S, Hugentobler W. Is low indoor humidity a driver for healthcare-associ-
ated infections. Indoor Air. 2016. Paper 340: Session 98; www.isiaq.org/docs/
Papers/Paper340.pdf.


https://doi.org/10.1097/JES.0b013e3181b7b57b
https://doi.org/10.1097/JES.0b013e3181b7b57b
https://doi.org/10.1177/1535370216665174
https://doi.org/10.1016/s0004-9514(05)70002-7
http://refhub.elsevier.com/S1550-8307(20)30417-1/sbref0104
http://refhub.elsevier.com/S1550-8307(20)30417-1/sbref0104
http://refhub.elsevier.com/S1550-8307(20)30417-1/sbref0104
http://refhub.elsevier.com/S1550-8307(20)30417-1/sbref0107
http://refhub.elsevier.com/S1550-8307(20)30417-1/sbref0107
https://doi.org/10.1038/sj.mp.4001643
https://doi.org/10.1038/sj.mp.4001643
http://refhub.elsevier.com/S1550-8307(20)30417-1/sbref0109
http://refhub.elsevier.com/S1550-8307(20)30417-1/sbref0109
https://doi.org/10.1038/nri1571
https://doi.org/10.1038/nri1571
https://doi.org/10.1038/nri1810
https://doi.org/10.1038/nri1810
https://doi.org/10.1111/j.1749-6632.2009.04414.x
https://doi.org/10.2190/376W-E4MT-QM6Q-H0UM
https://doi.org/10.1172/JCI30555
https://doi.org/10.1016/j.ijcard.2003.02.006
https://doi.org/10.1016/j.ijcard.2003.02.006
https://doi.org/10.1196/annals.1366.014
https://doi.org/10.1196/annals.1366.014
https://doi.org/10.1016/j.bbi.2019.03.009
https://doi.org/10.1371/journal.pone.0172873
https://doi.org/10.1371/journal.pone.0172873
https://doi.org/10.2105/AJPH.2008.156497
https://doi.org/10.1192/apt.11.5.338
https://doi.org/10.1192/apt.11.5.338
https://doi.org/10.1080/10615806.2013.802308
https://doi.org/10.1097/PSY.0000000000000166
https://doi.org/10.1097/PSY.0000000000000166
https://doi.org/10.1007/s10865-014-9579-0
https://doi.org/10.1016/j.jad.2011.11.032
https://doi.org/10.1097/01.psy.0000116782.49850.d3
https://doi.org/10.1188/18.CJON.203-210
https://doi.org/10.1097/HNP.0000000000000292
https://doi.org/10.1089/acm.2014.0327
https://doi.org/10.1152/ajplung.00195.2020
https://doi.org/10.1007/s12325-020-01279-0
https://doi.org/10.1007/s12325-020-01279-0
https://doi.org/10.1016/j.physbeh.2018.06.022
https://doi.org/10.1016/j.physbeh.2018.06.022
https://doi.org/10.1016/j.sleh.2017.03.005
https://doi.org/10.1002/14651858.CD011269.pub3
https://doi.org/10.1126/science.6143402
https://doi.org/10.1002/pon.2093
http://refhub.elsevier.com/S1550-8307(20)30417-1/sbref0140
http://refhub.elsevier.com/S1550-8307(20)30417-1/sbref0140
http://refhub.elsevier.com/S1550-8307(20)30417-1/sbref0140
http://refhub.elsevier.com/S1550-8307(20)30417-1/sbref0140
https://doi.org/10.1136/oem.2004.017632
https://doi.org/10.1007/s12199-009-0091-z
https://doi.org/10.1007/s12199-009-0091-z
http://refhub.elsevier.com/S1550-8307(20)30417-1/sbref0143
http://refhub.elsevier.com/S1550-8307(20)30417-1/sbref0143
https://doi.org/10.1525/mp.2010.27.4.317
https://doi.org/10.1111/ina.12618
http://www.isiaq.org/docs/Papers/Paper340.pdf
http://www.isiaq.org/docs/Papers/Paper340.pdf

