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Abstract
Modern agriculture must meet the changing needs of society both in terms of food quality
and with regards to the environmental issues related to primary production (e.g., biodiversity,
habitats, the quality of water and air, and climate change). In this context, win-win solutions
at the farm level are required, with more sustainable food production, as well as, a reduction
in air, water, and soil pollution, and loss of biodiversity and natural resources. To address
these issues, a new emerging discipline called “systemic agro-homeopathy” is currently being
developed. This approach considers plants and their interactions with the environment as a
unified agroecosystem, called the “holon” and it is based on the use of substances at ultrahigh
dilutions that are safe for farmers and have no ecological side effects. This report describes
the principles and the application of this approach.
Keywords
Systemic agro-homeopathy; agro-ecosystems; holon; secondary metabolites; metabolic
similarity
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1. Homeopathy in Agriculture
According to the four principles of organic agriculture, health, ecology, care, and fairness, the
substances that are used for the care and nourishment of plants and protection from pests must be
safe for people, animals, and the environment. These principles are focused on sustaining and
enhancing the health of the soil, plant, humans, and other animals, respect and emulate the
ecological systems, and protect the natural resources of the planet for current and future
generations. In this context, agro-homeopathy could be an integrative approach to improve organic
agriculture since homeopathic treatments, due to their ultrahigh dilutions, have few or no ecological
side effects. In recent years there has been a growing interest of the scientific community in such
methods, and many scientific studies have been performed to evaluate the effect of homeopathic
treatments on plants [1-10]. Different plant model systems have been set up both in basic research
(in vitro germination and growth models with healthy, impaired, and phytopathological models) [15] and in application research (field trials) [2]. Experimental research on healthy and stressed plants
has shown the potential of homeopathic treatments to influence plants by enhancing growth
parameters, increasing germination rate and defensive substances, and strengthening plants
against pathogen and pest attacks [6-10].
Homeopathy is a clinical-therapeutic method developed in 1796 by Samuel Hahnemann (1755–
1843) and depends on three principles: the similarity, the individualization of cases, and the
infinitesimal. In particular, the principle of similarity (treat likes by likes) is generally considered to
be one of the pillars of homeopathy and states that a patient should be treated with a substance
which, in a healthy person, cause symptoms similar to those presented by the affected person [11].
The homeopathic method was developed and formulated primarily for humans and not for
plants, and its application in agriculture can only be successful after considering the differences
between plants and animals. The attempt to apply the homeopathic treatment designed for humans
on plant systems without any type of adaptation inevitably fails [12-13]. On the other hand, the
Hahnemann principles are universal and can be applied to many biological systems, including those
in the plant kingdom, but the selection of the right remedy for healing plants based on the
Hahnemann Materia Medica is probably an incorrect approach. We can identify at least two main
logical reasons supporting this conclusion. The first is the evidence that plants exhibit very different
morphology and biochemistry compared to humans and other animals. In Table 1, the main
differences between plant and animal cells are presented.
Table 1 The main morphological and biochemical differences between plant and animal
cells.
Features
Cells shape
Cell wall
Nucleus
Lysosomes

Plant cell
Has distinct edges, usually square
or rectangular shape
Present
Located on one side of the cell
Present but very rare

Animal cell
Is regular and round shape
Absent
Located in the center of the cell
Present
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Centrosomes
Plastids
Vacuoles
Mitochondria
Essential nutrients
Secondary
metabolism

Absent
Present
Few large, centrally positioned
Present, fewer in number in green
tissues, insensible to cyanide
Amino
acids, vitamins and
coenzymes synthesized
Present

Present
Absent
Usually small and numerous
Present, numerous, susceptible
to cyanide
Amino acids, vitamins and
coenzymes not synthesized
Absent

The second logical reason is the evidence that the defense mechanisms of plants are different
from those of animals. In plants, one of the most common defense mechanisms is based on necrosis
(a sort of programmed apoptosis), where the pathogen gets trapped in “death” tissues. The plants
sacrifice their tissues to prevent the spread of the pathogen. In plants, another common defense
mechanism is the production of secondary metabolites for the intoxication of the pathogen. In
animals, the defense mechanisms are based on specialized tissues (lymph nodes, thymus, spleen,
etc.), specialized cells (e.g., lymphocyte, macrophage), and specific protein compounds
(immunoglobulins). Finally, the plant cell receptors and signaling pathways involved in recognition
of pathogenic microorganisms are different from those involved in recognition of pathogens in
animal cells (Figure 1).

Figure 1 Comparison of the pattern recognition receptors and signaling pathways
involved in recognition of pathogenic microorganisms by animal and plant cells.
Receptors, adaptors, signaling pathways, and effectors involved in the response of
animal and plant cells to microbes are shown. Leucine-rich repeat (LRR),
Toll/interleukin-1 receptor (TIR), nucleotide-binding oligomerization domain (NOD),
myeloid differentiation primary response 88 (MyD88), TNF receptor-associated factor
(TRAF), interleukin-1 receptor-associated kinase (IRAK), mitogen-activated protein
kinase (MAPK), mitogen-activated protein kinase kinase (MAPKK), mitogen-activated
protein kinase kinase kinase (MAPKKK), WRKY transcription factor (WRKY), nuclear
factor kappa B (NF-kB), calcium-dependent protein kinase (CDPK), transcription factor
(TF). NADPH oxidases are designated as RBOH in plants [14].
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Considering the differences in receptor types and signaling pathways between animals and
plants, attempting to determine the right agro-homeopathic remedy based on the comparison of
the symptomatology and etiopathogenesis of diseases between the two kingdoms can lead to errors
and, eventually, failure. Hence, the comparison of hazards between two phylogenetically distant
living systems jeopardizes the validity of the whole homeopathic methodology.
2. A New Paradigm for Agro-Homeopathy: The Holon Theory
One of the main difficulties in using highly diluted treatments involves the choice regarding the
type of remedy, as well as the scale and level of dilution to be applied. It is imperative to consider
that in phytopathology, there is no equivalent of the human homeopathic Materia Medica. Hence,
the choice of homeopathic remedy represents the greatest difficulty. The selection of these
treatments has thus far been based on an anthropocentric approach [15-17], where the plant is
considered similar to a human and the pathological symptoms of the plant are considered, in some
ways, similar to those of humans. This method is not completely reliable because of the abovementioned differences between plants and animals. Thus, a three-year Rural Development Program
(PSR, grant number 5004957) research project (“Highly diluted preparations for the defense of
plants with a low environmental impact on agricultural systems”) was conducted and financed by
the Department of Agriculture and Food, Hunting, and Fishing of the Emilia-Romagna region. The
experimental field research conducted by applying the anthropocentric approach highlighted its
limitations and unsustainability. The results showed variable outcomes that were either significant
but not repeatable in certain crops, or with contrasting effects in other crops, and/or not significant
in yet others (unpublished data).
In this report, the proposed innovative method involves the application of agro-homeopathic
treatments, not according to an anthropocentric homeopathic methodology, but according to a
systemic agroecological approach. In this approach, the farm is considered to be an agroecosystem,
i.e., a complex non-linear system capable of self-regulation. This idea was first developed by
Tichavský [18], who coined the term “holo-homeopathy” to indicate homeopathy applied to plants,
but with a systemic approach rather than symptomatic views of agronomic problems. It refers to
the concept of “holon”, coined by Arthur Koestler in 1967 [19], described as a complex system that
has individuality, is composed of sub-systems, and is simultaneously a part of a higher-order system.
Holon has distinctive characteristics and follows typical behaviors. It is a self-organizing dissipative
structure in evolution, composed of smaller holons, called sub-holons, whose structures exist in a
balance between chaos and order; it is a self-reliant unit with a degree of independence or
autonomy able to withstand disturbances, and has stability. It is dynamic and has a high degree of
synergy and collaboration, such that its different components are highly connected. Any change
that occurs in one of its parts affects the other parts, and it performs all the functions necessary for
its adaptation and survival. The holon is similar to a complex system but has an important difference
— if a part of non-vital importance is disconnected in a complex system, it will continue to function
with no alterations, whereas, if any part of the holon is modified, its wholeness will be changed.
Additionally, unlike complex systems, all parts of the holon contain complete information, thus
having fractal characteristics. A complex system is not necessarily fractal, while the holon, by
definition, has a structure and dynamics based on a high degree of fractality.
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In this context, the agricultural farm can be considered an open agroecological system or
agroecosystem, which in turn could be incorporated into the holon concept. In particular, the
agroecosystem can be identified both as a holon, in the case of a very large farm (more than 1,000
ha) isolated from the surrounding landscape for some geographical reason, or a sub-holon (a part
of a holon, expressing all the characteristics at a smaller scale than the holon), as in the case of a
small farm (less than 20 ha) located near lakes and forests. The definite answers to particular
problems must always be sought within the holon. In some cases, there might be a perfect overlap
between the agroecosystem and the holon, while in other cases, the considered agroecosystem
could simply be a part of the holon. In such agroecosystems (“holon” or “sub-holons”), a network
of interactions between the organisms is involved. Since the colonization of the land by ancestral
plant lineages 450 million years ago [20], plants and their associated microbes have been interacting
with each other forming a functional entity called the “holobiont”, which is an assemblage of species
where natural selection occurs between the host and the microbes, and also among the microbes
[21]. The farmer, through agricultural practices, intervenes in the agroecosystem and is an integral
part of it. All the interactions of an agroecosystem are integrated, creating a network. The systemic
homeopathic approach accounts for all the possible interactions between living organisms in an
agroecosystem. The terms “holon” and “sub-holons” are used indiscriminately to define
agroecosystems. For convenience, the term agroecosystem will be used in the subsequent text.
The systemic agro-homeopathic approach also allows the identification of the “biotype” and
“pathogenesis level” of the agroecosystem. The identification of these two characteristics is
conducted following the Hahnemannian homeopathic methodology and is aimed at evaluating the
nutritional status of the plants or the agroecosystem. A biotype or homeopathic constitution is an
association of the morphological, physiological, and psychological characteristics of each subject
due to the interaction between the genetic heritage and the environmental conditions in which the
subject lives, which makes it unique. For plants, the plant biotype or constitution depends on
different factors, such as the genotype and phenotype, environmental and nutritional conditions,
relationships with other plants and animals, phenological stage, types of reproduction, and
epigenetic factors. Biotypes are not related in a fixed manner with a family of plant, species, or
hybrid but display individual patterns of behavioral and morphological plasticity, even when plants
are cloned. The best suited homeopathic biotypology model for the specific conditions of plants is
the human model of Antoine Nebel (1870–1954), modified by the Brazilian homeopath Roberto
Costa [18, 22]. Plants have five individual biotypes or basic constitutions: sulfuric, carbonic,
phosphoric, fluoric, and silicic, as shown in Table 2.
Table 2 The five biotypes of plants, the corresponding substances, and their chemical
formula [18, 23].
Biotype/Constitution
Sulpuric
Carbonic
Phosphoric
Fluoric
Silicic

Substance
Sulphur
Calcarea carbonica
Calcarea phosphorica
Calcarea fluorica
Calcarea silica

Chemical formula
S
CaCO3
CaHPO4
CaF2
CaSi2O5
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The identification of the biotypes is based on the theory of the predominance of mineral
components proposed by Nebel. Based on certain characteristics and the lack or excessive presence
of specific mineral components, it is possible to distinguish all biotypes [23]. For example, the Sulfur
biotype is biochemically characterized by excellent management of sulfur. From the macroscopic
point of view, this biotype is the normotype for excellence. The vegetative development is regular
and balanced. The plant is harmonious and symmetrical at the roots and the crown; it responds
promptly to climatic and nutritional stresses, etc. Additionally, it is highly adapted to the
environment in which it lives. This biotype is therefore balanced in all its proportions and forms and
is also quite sturdy. The identification of the biotype allows the determination of only a part of a
mineral substance necessary for the plants or the agroecosystem. This information should be
integrated with the identification of the pathogenesis level in the agroecosystem to find the specific
salt to be applied. In human homeopathy, the pathogenesis level refers to the set of specific
pathological symptoms evoked in healthy subjects following the administration of a certain
substance. This concept can be transferred to agro-homeopathy; all substances capable of altering
the health of the agroecosystem produce a “pathogenic picture” of specific symptoms. An
agroecosystem can present six levels of pathogenesis (Table 3). These levels, reported by Tichavsky
[18, 23], were derived from a scheme proposed by Nebel and modified and re-proposed by Bernard
[24].
Table 3 The different pathogenesis levels, the corresponding substances, and their
cations [18, 23].
Pathogenesis level
1-Calcium level
2-Magnesium level
3-Potassium level
4-Sodium level
5-Barytic level
6-Ammonia level

Substance
Calcarea carbonica
Magnesia carbonica
Kalium carbonicum
Natrum carbonicum
Baryta carbonica
Amonium carbonicum

Cation
(CO3H)->(Ca)+
(CO3H)->(Mg)+
(CO3H)->(K)+
(CO3H)->(Na)+
(CO3H)->(Ba)+
(CO3H)->(NH4)+

The different pathogenic pictures present a multiplicity of symptoms, which are related to the
excess or deficiency of the chemical element that characterizes the pathogenic level. For each
pathogenetic level, there are specific symptoms and bioindicators [23]. For example, the
pathogenetic ammonia level is caused by an excess or deficiency of nitrogen. Plants belonging to
this level are characterized by excessive vigor and have very soft tissues. Additionally, they react
slowly and have difficulties adapting. Moreover, the ammonia level is characterized by the presence
of insects with a stinging and sucking buccal apparatus, nitrophilic weeds, and pathologies caused
by bacteria and fungi that affect the root and/or foliar apparatus. Plants belonging to different
pathogenesis levels can be differentiated by the symptoms in roots, stems, and leaves (excess or
lack of mineral elements) and by their resilience to environmental stress. The combination of the
biotype with the pathogenesis level, by following the principles of Hahnemannian homeopathic
methodology, allows the identification of the “mineral” agro-homeopathic remedy that might
restore the ideal metabolic and nutritional conditions of the individual plant and the entire
agroecosystem. This procedure, i.e., the application of the human biotypes and pathogenesis levels
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to the plant kingdom, is possible because it involves plant primary metabolism, which is very similar
to that of animals. The primary metabolism of plants, or cellular level, is involved in normal growth,
development, and reproduction. The primary metabolites include sugars, proteins, fats, amino
acids, organic acids, nucleosides, and minerals and usually perform physiological functions in the
organism (i.e., an intrinsic function). Table 4 shows the possible combinations between the biotype
and pathogenesis level with 30 homeopathic treatments applied in case of imbalance in plant
primary metabolism or cellular levels. These remedies are used in centesimal dilution scale (cH),
and the dilution/dynamization levels range from 6 to 30 cH; however, the most frequently used
potencies range from 6 to 12 cH.
Table 4 The homeopathic treatments derived from the combinations between the
biotype and pathogenesis level [18, 23].
Pathogenesis level Biotype/Constitution and homeopathic substances
1-Calcium level
Calcarea
Calcarea
Calcarea
Calcarea
sulphurica
carbonica
phosphorica
fluorica
2-Magnesium level Magnesia
Magnesia
Magnesia
Magnesia
sulphurica
carbonica
phosphorica
fluorica
3-Potassium level Kalium
Kalium
Kalium
Kalium
sulphuricum carbonicum phosphoricum fluoricum
4-Sodium level
Natrum
Natrum
Natrum
Natrum
sulphuricum carbonicum phosphoricum fluoricum
5-Barytic level
Baryta
Baryta
Baryta
Baryta
sulphurica
carbonica
phosphorica
fluorica
6-Ammonia level
Amonium
Amonium
Amonium
Amonium
sulphuricum carbonicum phosphoricum fluoricum

Calcarea
silica
Magnesia
silica
Kalium
silicum
Natrum
silicum
Baryta
silica
Amonium
silicum

Another important aspect of agro-homeopathic remedies is that they do not replace the use of
the mineral fertilizers of vegetable origin in the agroecosystem. The agro-homeopathic treatment
gives a strong but temporary signal to restore system mineral deficiencies and to improve the
absorption and mineral metabolism in plants, as well as the soil quality. Subsequently, the farmer
implements the correct agronomic techniques.
The selection procedure for the mineral homeopathic remedy does not work for
phytopathological diseases (virus, bacteria, or fungi) or pest attacks.
3. From the Principle of Similarity to Metabolic Similarity
According to the principles of homeopathy, plant diseases are considered as imbalances
(symptoms) to be inserted into a broader pathological framework that encompasses the entire farm.
The systemic agro-homeopathic method proposed here is aimed at identifying and treating the
cause of the imbalance, thereby attempting to return the system to its homeostatic state. In such
an approach, the first phase involves a careful qualitative-quantitative analysis of the
agroecosystem, using tools (such as the Voronoi analysis, particle size analysis, refractometry, etc.)
that aid in the evaluation of the parameters, including biodiversity, soil vitality, mineral substance
bioavailability, and the degree of resilience of the entire system [18]. Based on the results of the
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first preliminary phase (or general analysis of the agroecosystem), the agro-homeopathic
preparations to be applied in the field are then selected. In case of abiotic stress, causing nutritional
imbalance, the procedure consists of the identification of a mineral agro-homeopathic treatment
according to the biotype and pathogenesis level, as discussed above; whereas, for diseases caused
by biotic stress (fungi, bacteria, or virus) and for pest control, the application of classical Hahnemann
similarity principle does not work, and the differences between plants and animals have to be
considered, otherwise, there is a high risk of trivializing the method and for the application to fail.
Thus, the principle of similarity has to be accompanied by the concept of “metabolic similarity”. This
new concept is based on the presence of substances called secondary metabolites in plants and
animals and was developed by Tichavsky [18] based on the scientific evidence published in the USDA
Duke’s database [25]. Plants produce primary metabolites (common to all plants) and secondary
metabolites, which are biologically active, species-specific, and organo-specific substances present
at very low concentrations. The secondary metabolites from plants are differentiated from primary
metabolites, as their role is not crucial for normal growth, development, and reproduction, but they
can provide protection to plants from potential harm in the environment; they are also involved in
interplant communication (for example in the allelopathic interactions) and can serve as an
adaptation tool. Therefore, they are usually synthesized in plants for specific functions, while the
primary metabolites generally have shared biological purposes across all species [16, 27]. The
selection method proposed by Tichavsky, based on the law of metabolic similarity, can identify, with
extreme precision, the homeopathic simillimum or constitutional remedy for each plant species of
agricultural interest, as well as for each agroecosystem. The metabolic similarity is independent of
the genome of the organisms and the current taxonomic group to which it belongs and can be
detected between two plants, between higher plants (trees, shrubs, flowering herbs, ferns and fern
relatives) and animals, between plants and insects, between plants and fungi, etc. Furthermore, the
secondary metabolites are not the direct products of DNA expression (transcription and translation)
but have a strong epigenetic base, and therefore, heavily rely on environmental conditions [28, 29].
This finding explains why the systemic agro-homeopathic intervention for the resolution of a specific
problem can change as a function of the considered agroecosystem. The metabolic similarity is
based on the presence of secondary metabolites that are common between plants and animals
present in the agroecosystem. According to this approach, certain diseases or stress-condition
affecting a specific plant can be mitigated through the use of either plants or other organisms that
have very similar metabolites to the plant in question. By analyzing the agroecosystem within the
perimeters of the farm, it is possible to identify organisms, including wild plants, insects, fungi, and
animals. Then, by using either the Duke or Pherobase [25, 30] public consultation databases, which
facilitate detailed search on plants, chemicals (secondary metabolites), bioactivity, and
ethnobotany (using scientific or common names), it would be possible to identify those species with
the greatest number of metabolites in common with the plant in question or with the disease to be
cured. Thus, two plants that have a large number of secondary metabolites in common can be used
as agro-homeopathic remedies for one another. According to the systemic agro-homeopathic
approach, the degree of interaction between two or more organisms within the agroecosystem is
based on the metabolic similarity, i.e., the similarity of the secondary metabolites between the
considered organisms. In a host-pathogen interaction, the pathogen should have a high level of
metabolic similarity with the host so that infection can take place; in the absence of such a similarity,
the pathogen would be unable to recognize and attack its host. For example, in the case of insects,
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they should necessarily possess a certain number of semiochemicals that allow them to deceive the
attacked plants. On the other hand, the attacked plants should produce and release a variety of
secondary metabolites called “Volatile Organic Compounds”, better known as VOCs, as a means to
warn other plants of impending danger. The airborne signals can diffuse and reach undamaged
plants nearby, giving them the chance to strengthen their defense. The receivers are not limited to
conspecifics. Natural enemies can also detect the warning signals and locate the site of VOC
emission [31, 32].
Based on the data from Duke’s database, the so-called “metabolic tables” have been built for
some plant species, allowing the plant with a higher number of metabolites in common with the
plant target to be found more easily [18]. Similar metabolic tables can be created for the shared
secondary metabolites, and their specific actions can be reported. Using such tables, it is possible
to identify, for acute cases, the plant with the highest degree of similarity (highest number of
secondary metabolites in common).
Metabolically related species are used to construct Mother Tinctures (TM) and agrohomeopathic preparations through a specific dilution process and subsequent “dynamization”,
obtaining potencies ranging from 3cH to 12cH, with concentrations of the starting substances from
<1 ppt to 1 ppm. The resultant preparations are, therefore, completely of natural origin and free of
pollutants and/or harmful substances (to both operators and the environment). Moreover, these
substances improve the environment by excluding the use of synthetic chemical substances, as well
as, through very limited use of raw materials. It is worth mentioning that the systemic agrohomeopathic approach does not ignore “good basic agronomy”, by applying the best practices for
maintaining soil and plant health (natural fertilization, rotation, using green manure, mowing,
planting cover crops, applying combinations of organic inputs, crop rotation, and conservation
tillage) [33]. Moreover, the agro-homeopathic methodology allows the use of plant material or
supplies, preferably from the same farm or its surroundings. These “autochthonous” materials can
be used to prepare the agro-homeopathic remedies, utilizing the internal resources of the
ecosystem and, hence, reducing costs and making farmers less dependent on the commercially
available plant protection products.
The mechanism of action by which agro-homeopathic treatments act is still unknown, but some
hypotheses could be proposed, taking the ecological significance of any imbalances caused by
abiotic or biotic stress in the agroecosystem into consideration. The plant diseases or weeds
represent the reaction of the agroecosystem to restore the equilibrium, following a “triggering
event” that had disturbed its previous state — the systemic agro-homeopathic approach tries to
identify the cause of the “trigger” that led the agroecosystem to react in that way (pathogen
infection, insect infestation, weed spread). In this context, the systemic agro-homeopathic
treatments would act on the whole agroecosystem by stimulating its natural, endogenous defenses
to make it more resistant to biotic and abiotic stress. Other authors [10, 17] had also suggested that
homeopathy induced an increase in the plant’s natural resistance to pathogens, possibly related to
an epigenetic effect of homeopathic dilutions [34, 35]. The suggestion, based on the re-equilibration
of the system induced by homeopathic treatments, was supported by Marotti et al. [36]. The
authors tested the hypothesis whether wheat seedlings, grown from seeds either poisoned with a
sublethal dose of As2O3 or unpoisoned, showed different significant gene expression profiles after
the application of ultrahigh diluted As2O3 (beyond Avogadro’s limit) compared to water
(control)When comparing the growth in water of poisoned and unpoisoned seeds, most of the
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genes (85%) were upregulated. By growing poisoned seeds in the presence of ultrahigh diluted
As2O3 instead of distilled water, a massive reduction in gene expression levels to values comparable
to those of control groups was observed for several functional classes of genes. According to the
authors, it seemed that the treatment of poisoned seeds with ultrahigh diluted As2O3 induced a
normalization of gene expression by bringing it closer to the basal levels usually occurring in the
control plantlets.
4. Conclusions
The systemic agro-homeopathic approach considers the farm as a single organism, an
agroecosystem of living and non-living elements, which establishes a dense network of interactions.
Its purpose is to strengthen and intensify the relationships among the organisms to create a stronger
and healthier agroecosystem, involving all the organisms within the agroecosystem. To fulfill this
aim, the described approach allows one to control and manage the agricultural processes through
the application of highly diluted and dynamized natural substances. The latter might restore the
equilibrium in the agroecosystem by stimulating the natural resistance already present in the
agrarian system. The identification of the correct mineral remedy, through the biotypes and
pathogenesis levels, could allow one to act on the chronic conditions of the agroecosystem
(imbalance in plant primary metabolism or cellular levels), whereas, the identification of
plant/animal homeopathic remedy, based on the principle of metabolic similarity, might allow the
management of the acute conditions (phytopathological diseases).
Till now, the systemic agro-homeopathic approach has been adopted by some farmers in Europe,
particularly in Italy, for about six years and it is increasing interest, especially among organic
producers. To date, several observations have been reported by farmers (personal
communications), providing positive and encouraging perspectives, but some rigorous scientific
experimentation at the farm level is needed to validate such results. If statistical data from field
trials were to confirm the observations made so far, the systemic agro-homeopathic approach could
represent an agroecological production model with a very low energy impact. Additionally, this
approach could be in line with the current European community orientation (European Green Deal),
which aims to promote a type of sustainable agriculture. In this context, systemic agro-homeopathy
would meet the three pillars of sustainability: (1) economic, due to the very low use of raw materials;
(2) environmental, by avoiding the use of chemical substances such as fertilizers, pesticides, etc.;
and (3) social, with the production of healthy, safe, and high-quality food.
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Abstract
Traditional, complementary, and integrative medicine (TCIM) approaches to COVID-19
represent a paradigm shift from Western medicine, in that TCIM emphasizes prevention,
encouraging wellness, and supporting health and recovery. A wide range of TCIM approaches
exist: whole medical systems (such as traditional Chinese medicine), mind-body approaches,
biological therapies, body-based treatments, and energy therapies. TCIM is used to help
people resist infection, but people with moderate to severe COVID-19 symptoms often relied
on integrative approaches using both traditional and Western medicine. It is estimated that
over 90% of the infected population in Hubei China had used some form of traditional
medicine to treat COVID. Ayurvedic medicine promotes immune-boosting strategies. Among
biologically based therapies, there are vitamin therapies and “immune-nutrition” as well as
© 2021 by the author. This is an open access article distributed under the
conditions of the Creative Commons by Attribution License, which permits
unrestricted use, distribution, and reproduction in any medium or format,
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traditional botanical treatments. Energy therapies have been promoted by the Chinese
government to treat COVID-19 which may cause a loss of qi energy and an imbalance with too
much yang energy in relation to yin. In many ways, it is difficult to apply Western approaches
of clinical trials to TCIM, where most treatments are preventive, restorative, and highly
individualized. However, the role of TCIM in COVID-19 was significant and underscores the
value of TCIM approaches not just in this pandemic but for other infectious diseases as well.
This is a narrative review rather than a systematic review or meta-analysis.
Keywords
COVID-19; pandemic; traditional Chinese medicine; Ayurvedic medicine; homeopathy; Long
COVID; Long-haul COVID; vitamin D; zinc

1. Introduction
Safe, highly effective, and readily available treatments for coronavirus disease 2019 (COVID-19)
have eluded us, and even as the vaccine rolls out in many countries, there are still more questions
than answers as to the optimal way to treat COVID-19. In poor countries, sometimes traditional or
alternative treatments are the only available care. The search for conventional medical treatments
for COVID-19 seems to have fueled interest in traditional, complementary, and integrative medicine
(TCIM) techniques [1]. TCIM approaches often emphasize prevention, and the immune-supporting
effects of certain TCIM therapies has been thought to offer benefit to patients to help them better
resist infection [1]. TCIM is a broad field that has been grouped into five main categorizes by the
National Center for Complementary and Integrative Health [2]:
• Whole medical systems, alternative medical systems (traditional Chinese medicine, Ayurvedic
medicine, homeopathy)
• Mind-body treatments (meditation, yoga dance, art, music)
• Biologically based therapies (botanicals, herbal supplements, vitamins, whole diets, functional
foods, etc.)
• Manipulative and body-based methods (osteopathic manipulation, chiropractic, massage,
reflexology)
• Energy therapies (acupuncture, Qi gong, healing touch, therapeutic touch, Reiki)
It is best to call these TCIM strategies “approaches,” as the same or similar methods are often
applied for prevention, treatment, and recovery [3]. Ancient and more modern TCIM practices can
be challenging to study using Western clinical trial paradigms, because there is a wide range of
treatments, many traditional products such as botanicals have inherent variability among strains,
TCIM treatments are usually individualized to each patient, and traditional medicine is frequently
integrated into a regimen that includes Western medical practices. In many parts of the world, TCIM
products are available without a prescription and without even access to professional advice [3].
TCIM may be integrated with other medical practices without informing the various prescribers.
COVID-19 makes an investigation of TCIM approaches even more difficult, in that studies of an
infectious and highly contagious disease in a time of overstrained healthcare resources were not
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always reasonable or even possible. Nevertheless, it is worthwhile to provide an overview of what
is currently known about TCIM and COVID-19 as well as what remains to be clarified.
While developing countries have long embraced various TCIM traditions, developed nations are
increasingly integrating them into their medicine [4]. In a telephone survey in India of 495 COVID19 patients, 25.8% said they had use at least one type of traditional approach or product to treat
COVID-19, with more than half of this group taking the Ayurvedic herbal tea Kadha [3]. No severe
adverse events were reported by any of these respondents taking Kadha. A retrospective study of
online searches during the COVID-19 epidemic found internet users in the United States, United
Kingdom, Germany, Italy, and France (n=32) searched for TCIM-related terms such as “black seed,”
“vitamin C,” “zinc,” and “quercetin” which had strong positive correlations with searches by these
same users for “COVID-19” and “coronavirus” [5]. Thus, there is an avid interest in whether TCIM
techniques can be applied to the pandemic. Our aim was to create a short narrative review of the
various types of TCIM strategies and how they have been used against COVID-19.
2. Methods
The PubMed database was searched for “COVID+complementary and alternative medicine” and
yielded 28 items. The PubMed database was searched for “COVID+vitamins” and retrieved 839
items. “COVID+acupuncture” obtained 102 itemss. “COVID+Ayurveda” and “COVID+homeopathy”
yielded 81 and 28 results, respectively. There was some duplication among the findings of the
several searches. The Google Scholar database was searched for “COVID Complementary and
Alternative Medicine,” which produced over 60,000 results of which only peer-reviewed content
was considered (many results were newspaper articles or non-authoritative websites). Study
protocols and proposals, editorials, commentaries, or analyses of nonscientific topics (such as
quantification of various types of press coverage of COVID-19 topics) along with reports about the
potential in vitro antiviral properties in vitro of specific compounds were excluded. Searches were
conducted in February and March of 2021 with the last search done on March 20, 2021. In addition,
the authors reviewed the bibliographies of several of the articles. Only peer-reviewed articles were
included. Two of the authors reviewed the abstracts of these articles (JVP and JAL) and grouped
them by thematic relevance.
There are limited clinical trials of TCIM therapies for COVID-19 treatments and a paucity of largescale controlled trials. A search on PubMed for the term “COVID traditional complementary
integrative medicine” with the delimiters “clinical trial” or “randomized clinical trial” retrieved only
one article and it was a study of exercise intervention. Nevertheless, there is some evidence as well
as implications that TCIM approaches may be an adjunct to conventional approaches.
3. Results
3.1 Whole Medical Systems
3.1.1 Traditional Chinese Medicine
Traditional Chinese Medicine (TCM) has a long, documented history, which has reported on at
least 321 different infectious diseases over the centuries. A Chinese medical text over a thousand
years old reports that many diseases can be transmitted from person to person, and different
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diseases can be identified by the symptoms they cause. TCM is less concerned with the nature of
the pathogen than the specific symptoms it elicits [6]. Over the centuries, TCM has developed a
three-step approach to infectious diseases and various plagues: quarantine of infected persons,
staged treatment to prevent worsening of the infection, and post-infection treatment to rebuild
strength and vitality in those who had the disease. In the COVID-19 era, this third step was renamed,
“prevention of relapse after recovery” [6]. Although a variety of patented TCM medicines and herbal
compounds have been described in the literature, no large-scale randomized controlled clinical
trials have been conducted using TCM in COVID-19 patients [6].
TCM has been frequently used in China to treat COVID-19 patients [7]. And although it sometimes
is reported that TCM has reduced COVID-19 morbidity and mortality, there are no large randomized
clinical trials published [6]. Recently, databases have been set up to help monitor the benefits and
adverse effects associated with the use of TMC in COVID-19 patients [8-10]. This is complex work,
because many TCM remedies consist of multiple ingredients in varying proportions with treatments
individualized for each patient [10]. TCM is primarily based on herbal treatments, often prepared as
decoctions or taken in tablet form [11]. In China and other parts of the world, TCM remedies are
sold prepackaged over-the-counter and involve a blend of two or more botanical products or
substances. Furthermore, a TCM practitioner or business can also prepare products specifically for
the individual patient, on the order of a compounding pharmacy. The foundational concept of TCM
is promoting overall strength and wellness so the treatments are focused more sharply on boosting
the immune system to help prevent the infection or to strengthen individuals fighting the earliest
stages of infection. The role of TCM, particularly as a monotherapy, in treating patients with severe
infections is more limited. Since TCM is believed to play a role in COVID-19 prophylaxis or adjuvant
more than monotherapy, it is even more challenging to study using traditional Western clinical trial
scientific models.
Despite the pandemic, the use of TCM in China actually dropped sharply in spring of 2020; a total
of 1,935,827 visits to TCM practitioners were evaluated from January 2017 to May 2020 and the
number of patients dropped by 33% and 40%, respectively, for March and April 2020 [12]. This was
attributed to lockdowns, limited availability of medical services, a beleaguered healthcare system,
and citizens’ concerns about going to clinics where they might encounter infected people.
Nevertheless, in China, TCM was considered an important medical option in managing COVID-19. In
March 2020 in China, it was estimated that 91.5% of the infected population in Hubei, China had
used TCM to treat COVID and over 4,900 TCM practitioners offered their services to pandemic
victims [6].
During the previous SARS epidemic, TCM was combined with Western medicine to treat patients
and was evaluated in a systematic review of six studies (n=366) which reported modest benefit in
terms of lung infiltrate absorption but otherwise offered only modest or equivocal benefits [13]. In
a meta-analysis of seven studies of COVID-19 patients (n=732), combining Chinese herbal medicine
with the standard care (Western medicine) relieved symptoms, reduced inflammation, and
improved lung imaging outcomes with no significant adverse events [14]. In a retrospective matched
case-controlled study of 22 COVID patients from January 17 to 28, 2020 in China, all patients
received standard supportive care and 11 patients also received natural herbal medicines [15]. The
intervention group (natural herbal medicines plus standard care) had significantly shorter duration
of fever (3.4±2.4 days vs. 5.6±2.2 days, p=0.03), significantly fewer cases of diarrhea (p=0.03), and a
significantly shorter time to improvement of chest computed tomography (CT) scan (5.6±2.3 days
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vs. 7.5±1.6 days, p=0.04) [15]. In a study of 50 hospitalized patients with mild COVID treated with
TCM (Toujie Quwen granules), patients all returned to a normal temperature within one week with
significant symptomatic improvement and no side effects [16].
In a meta-analysis of 42 studies (n=3,793) of patients being treated for pneumonia, including but
not exclusively COVID-19-related pneumonia, the use of Lianhua Qingwen, a TCM product,
supplementing conventional Western medicine was associated with significant improvement in flulike symptoms, fever, cough, fatigue, myalgia, and dyspnea compared to patients who used only
conventional Western medicine; the two treatment arms had similar adverse events. Lianhua
Qingwen is a herbal decoction with antiviral properties consisting of 13 different Chinese herbs and
was approved by the Chinese Food and Drug Administration in 2004 as a SARS treatment and which
has been used to treat patients with COVID-19 [17]. In a systematic review and meta-analysis of 42
studies (n=3,793) of COVID-19-pneumonia patients, the use of Lianhua Qingwen significantly
shortened the duration of flu-like symptoms, decreased catarrh and pulmonary rale, reduced fever,
and exerted what was described as a “curative effect” [17]. Symptomatic improvement was also
reported with Lianhua Qingwen in 154 COVID-19 patients and shortened the duration of fever [18].
Lianhua Qingwen, along with several other widely used TCM products (Jinhua Qinggan, Xuebijin
injection, Qingei Paidu decoction, HuaShiBaiDu formula, and XuanFeiBaiDu granules) has been
shown to be effective in downregulating ACE2 receptors, the support of entry for the SARS-CoV-2;
analyses of the active components of these products found the compounds effective against the
SARS-CoV-2 were quercetin, glabridin, and gallic acid [19]. In a study of 116 active ingredients found
in TCM, it was found that Shen Zhu San was one of the most frequently used ingredients in TCM
products for COVID-19, and its effects involved suppressing cytokine storm, protecting the alveolarcapillary barrier in the lungs, immunomodulation, and mediation of apoptosis and cell survival [20].
While TCM has not been studied in the same was as Western medical products, TCM advocates
maintain that when TCM is used correctly, there are no serious risks [16]. When using TCM, either
as monotherapy or adjunctive to Western medicine, early intervention is associated with shortening
the course of the infection [8]. The role of TCM in terms of preventing COVID-19 is less clear-cut.
3.1.2 Ayurveda
Ayurveda may be the most ancient form of traditional medicine and is based on the concept that
harmonious living is required for optimal health [21]. As such, Ayurveda may be considered a
comprehensive approach to holistic health based on the tripartite nature of human beings as being
body, mind, and spirit [22]. Ayurveda has a profound spiritual dimension that sees universal
connections among the living and nonliving. Optimal health for an individual is reflected in the
degree to which that person is balanced and harmonious. A variety of Ayurvedic herbs have been
identified with specific therapeutic activities, prepared in traditional formulations such as arka,
asavas, aristas, churna, taila, vati, gutika, bhasma, and others [21]. Ayurveda emphasizes the
strengthening of the immune system as a preventive approach to infections. In fact, the Ayurvedic
approach to immunity differentiates between natural immunity (Sahaja), age-related immunity
(Kalaja), and acquired immiunity (Yuktikrut) [23]. The ancient emphasis on healthful diet and proper
digestion supports what today is recognized as a healthy microbiome [24].
Ayurveda views each person has composed of three principle types of constitution that reflect
how the person’s mind, body, and spirit are connected. These types or doshas are known as vata,
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pitta, and kapha, which have to do with movement, digestion and metabolism, and structure,
respectively. These three doshas exist in their own balance in an individual. Those with a
predominantly Vata nature tend to be creative, restless, and thin. Falling out of harmonious balance,
a strongly Vata person might develop anxiety. Those with a predominantly Pitta nature are muscular,
physically strong, and tend to be mentally alert but falling out of balance, the Pitta person may
experience anger or rage. Finally, a person who is mainly Kapha will be calm, steadfast, and have
great endurance and tenacity but can become overweight or greedy if they become disharmonious.
(Sharma) Based on these dosha, Ayurvedic care is tailored for the individual.
Ayurveda employs a range of treatments that may incorporate physical exercise, meditation,
relaxation, foods, hygiene, and breathing techniques to boost health. General healthy lifestyle
practices such as good sleep hygiene, healthful diet, stress management, and avoiding people who
are infected are also incorporated under Ayurveda. Some Ayurvedic treatments, such as turmeric,
black pepper, garlic, and others, have antiviral properties, but have not been rigorously studied in
their application to COVID-19 patients [25]. Curcumin, the main curcumoid in turmeric, is
antimicrobial, anti-inflammatory, and is antioxidant, and is widely used in many parts of Asia for
symptoms of coughs and colds [26]. In India, the Ministry of Ayurveda, Yoga, and Naturopathy,
Unani, Siddha, and Homeopathy has been studying specific COVID treatments and encouraging
research into using CAM for COVID-19 therapy [3]. Ayurvedic medicine is mainly promoted in India
as an immune-boosting preventive strategy rather than treatment for infection [7, 27].
Typical Ayurvedic practices include the drinking of warm water to reduce fever, calm
inflammation, ease rhinitis, and soothe allergies; this warm water may be mixed with certain spices,
such as dry ginger or fennel [28]. Special mouthwashes are recommended for oral hygiene, which
may help reduce upper respiratory infections [28]. Steam inhalation, sometimes using menthol or
other aromatic oils, is recommended to reduce nasal congestion, facilitate breathing, and help with
headaches [28]. Like other enveloped viruses, SARS-CoV-2 is heat sensitive and can be destroyed at
warm temperatures that humans can tolerate [29]. Fever is the body’s initial remedy to fight off the
virus, but CAM treatments involving steam inhalation and warmth may indeed be helpful. Heatbased treatments have not been studied in this regard but could be practiced inexpensively by
patients at home with little risk of harm, such as taking hot showers, using heating pads, and keeping
warm [29].
3.1.3 Homeopathy
Homeopathy, based on the idea that “like cures like,” is practiced all over the world including
developed and developing nations; it is often used as part of Ayurvedic medicine. The products used
in homeopathy are created based on the individual’s symptoms rather than the disease pathology.
Homeopathic medicines may be derived from botanicals or natural substances and are typically
diluted and succussed [30]. The variability of symptomatic presentation in COVID-19 means that
there is no standard homeopathic treatment regimen for COVID-19 [31]. In a study of 18 mild
COVID-19 patients, homeopathic symptoms were collected and found to belong to one of six
different clusters, making up two different sets of homeopathic symptom pictures [32]. However,
the study of homeopathy is hampered by the fact that treatments are highly individualized.
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3.1.4 Mind-Body Treatments
Mind-body practices such as meditation are sometimes promoted in the context of COVID-19 as
a means to reduce stress, improve coping skills, and alleviate feelings of loss and loneliness [28].
Meditation has been shown to reduce inflammatory markers [33, 34]. Meditation is practiced by
many traditions and is sometimes combined with Pranayama or breathing techniques that have
been shown to improve lung function in healthy individuals [28, 35]. Yoga techniques which are
thought to boost the immune system and help prevent COVID-19 infection, include meditative
postures, mantras, breath regulation, and stress reduction. Specific yoga asanas or poses may be
helpful to promote a strong immune system [36]. Yoga also emphasizes the cultivation of specific
mental attitudes to help individuals feel balanced and positive rather than fearful or depressed [36].
While there is a paucity of evidence in support of these mind-body practices, they are mainly utilized
to help people feel well and to strengthen their immune systems, rather than as a COVID-19
treatment [37].
3.1.5 Biologically Based Therapies
The novel term “immuno-nutrition” has been coined to describe a burgeoning interest in vitamin
and mineral supplements, particularly in light of their alleged immune-boosting powers for COVID19 prophylaxis. Because of the pro-inflammatory response in COVID-19 and cytokine storm,
antioxidants are considered to be beneficial [38]. Lower concentrations of vitamin A have been
correlated to increased host susceptibility to influenza, which suggests it might benefit against other
pathogens [39]. However, it is not known if lower concentrations of vitamin A are related to COVID19 susceptibility or exacerbated course of the disease. Vitamin C has antioxidant properties and is
known to be effective in attenuating upper respiratory tract infections, which suggests a possible
role in COVID-19 and vitamin C is often included among many multimodal or vitamin-based CAM
treatments [39]. However, vitamin D is by far the most studied in the context of COVID-19, namely
because vitamin D deficiencies appear to exist in the same populations at highest risk for COVID-19
morbidity and mortality, namely the elderly, Blacks, and Asians. Further, vitamin D may help to
mediate inflammation [39, 40]. Risk factors of vitamin D deficiency mirror the risk factors for COVID19: older age, obesity, male sex, hypertension, and coagulopathy [40]. The use of vitamin D
supplements has been shown to reduce the incidence and severity of viral infections in general [40].
Further study is needed, but when taken at recommended doses (10,000 international units [IU]. a
day are safe but likely 1,000 to 2,000 IU suffice for beneficial effects), vitamin D is safe and promotes
a healthy immune system [41].
Zinc deficiency has been associated with increased inflammation and remodeling of lung tissue
in an animal model [42]. Zinc was shown to inhibit the synthesis, replication, and transcription of
coronaviruses [43]. Zinc is sometimes used as an adjunctive agent with both conventional and CAM
regimens in the treatment of COVID-19 [44].
While there are intriguing findings about the role of vitamins with respect to COVID-19 and,
indeed, with viral infections in general, there is very limited evidence in support of their use [45].
However, the beneficial effects of these vitamins and minerals cannot be disputed when used
appropriately; it is their specific role in the prevention or treatment of COVID-19 that warrants
further investigation.
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From a study of medicinal plants by the World Health Organization and the European Medicines
Association, a list was compiled about botanical products for use in adults with mild COVID-19
symptoms and compared to acetaminophen, ibuprofen, and codeine as reference drugs [46]. A total
of 39 herbal remedies were identified with positive benefits over reference drugs in 5 cases,
promising results in 12 cases, and unknown for the balance. No compelling evidence could be found
in support of acetaminophen or codeine for COVID treatment, although ibuprofen was promising
[46]. The antiviral properties of certain essential oils has led to speculation that these agents might
be beneficial in treating COVID although poor solubility, solvent toxicity, and volatility can limit their
use [47]. It has been proposed that combining such agents with carriers based on nanotechnology
(“nano-carriers”) might expand their potential use to treat viral infections [47].
3.1.6 Manipulative and Body-Based Methods
Chiropractic care has been cautioned about overpromoting the benefits of manipulative
treatments in terms of COVID-19 prevention or treatment. Social media claims, in specific on Twitter,
suggested that spinal manipulation could boost immunity and help prevent COVID-19, a claim that
is unfounded and was called out as such by some in the chiropractic community [48, 49]. The
Chinese practice of Qigong is less familiar outside China but involves body movement synchronized
to breathing combined with meditation. These are gentle, low-stress postures and exercises which
are thought to be helpful to prevent COVID-19 infections and promote recovery [50]. T’ai Chi, a
similar movement-based low-stress therapy is being studied now in a clinical trial for its
effectiveness in helping COVID-19 patients recovery [51].
3.1.7 Energy Therapies
One of the premises of TCM is that the body contains a fundamental energy called qi [6]. Vital qi
in proper flow and balance brings health, but disruptions in qi or insufficient amounts of vital qi can
cause physiologic disease. With adequate vital qi, the body has strong natural immunological
defenses against disease. Pathogens, such as viruses, may attack the body, but they end up doing
battle with qi. TCM treatments aim at supporting qi in fighting disease and restoring balance and
vitality [6]. From the Chinese government, a document entitled the Diagnosis and Treatment
Program for Coronavirus Disease 2019 describes the pathogenesis of COVID-19 as an “epidemic
pathogen invading the body, followed by entering the internal organs and transforming into heat,
resulting in pathogen trapping in the interior, and healthy qi [energy] collapsing and deficiency of qi
and yin.” Yin and yang refer to complementary forms of energy, with yin referring to cooler
expansive energy and yang to warmer contracting energy [52]. Based on this understanding, COVID
would be more dangerous to older people or those with diseases that weakened their natural qi,
while younger people would have more natural immunity. Improving the flow of qi is a fundamental
of TCM and acupuncture as well.
Acupuncture clinical trials and meta-analyses with COVID-19 patients are ongoing [53-55]. Two
case studies report on improvement with acupuncture as adjunctive to conventional therapy in
COVID-19 patients [56]. A third case study described a COVID-19 patient with pneumonia
complicated by hypoxic-ischemic encephalopathy that was improved with conventional treatment
plus acupuncture; the patient had spontaneous eye opening and limb movements after the first
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acupuncture treatment and he could be weaned off the ventilator following two weeks of
acupuncture treatments [57].
In TCM, moxibustion is a technique that involves burning moxa, a cone composed of mugwort
leaves, on acupuncture points of the body to help enhance the flow of qi. Acupuncture with and
without moxibustion has been used predominantly in China to help relieve COVID symptoms [58].
Acupuncture with moxibustion has also been proposed as a prophylaxis, for example, for patients
exposed to the virus but who were not yet symptomatic [59].
4. Discussion
TCIM poses formidable challenges to Western medical way of thinking, in that it approaches care
and treatment using a different paradigm. TCIM stresses preserving wellness rather than treating
disease. Many of these TCIM approaches to COVID-19 emphasize prophylaxis with specific
strategies: boosting the immune system, restoring mind/body balance, and promoting a positive
mental energy. Furthermore, TCIM has also introduced specific care paradigms to aid those who
have recovered from COVID-19 to regain their old energy and vitality; this runs somewhat contrary
to Western medicine, which emphasizes care for the sick and then, upon recovery, dismisses the
patients from the system, TCIM was often integrated with Western medicine [60]. The great
advantage to TCIM approaches is that most of them are not associated with serious side effects.
Patients may often benefit from traditional medicine at home at minimal expense with little to no
risk.
TCIM approaches often focuses on prevention and recovery, and these are aspects of the disease
trajectory that Western medicine seems to neglect. As the syndrome of Long-haul COVID or Long
COVID emerges, TCIM may play an important role.
Our study is limited by several factors. It is a short narrative review of a vast topic. It was
impossible in this study to go into depth with specific agents, botanicals, or treatments. The paucity
of randomized clinical trials and the weakness of some of the trials that have been conducted makes
a meta-analysis or systematic review impossible.
5. Conclusions
TCIM approaches offer a multifaceted approach to wellness, disease prevention, holistic health
and well-being, mind/body balance, and strengthening of body and immune system. To this end,
TCIM strategies have been used in the prophylaxis of COVID-19, in its treatment, and to help
revitalize those who have recovered. When treating an active infection, particularly when the
infection is severe, traditional medicine is often integrated into Western medical techniques. TCIM
represents a paradigm shift in Western medical thinking and one that makes study and
quantification challenging. Nevertheless, there is much value in TCIM practices for treating
infectious diseases, including but not limited to COVID-19.
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Abstract
The COVID-19 pandemic has lasted for more than 16 months, and there have been over 169
million confirmed cases worldwide. Besides, after treatment with Western medicine or
undergoing home quarantine, COVID-19 patients are still severely or mildly functionally
impaired. Though COVID-19 patients were discharged from the hospital, most of them still
exhibit certain clinical symptoms such as fatigue, poor appetite, shortness of breath, and poor
sleep. The syndromes, linked with the Chinese Medicine (CM) body constitutions, could be
due to pre-COVID-19 infections, suffering from the infection, or a post-infection consequence.
CM has been used by humans for thousands of years in Asia, especially in Hong Kong, and it is
gaining increasing attention and popularity. This study aimed to evaluate the efficacy of CM
on alleviating the clinical symptoms of the discharged COVID-19 Patients. This was a
multicenter observational and comparative study. One hundred and fifty participants
discharged from Hong Kong hospitals were recruited. The patients received three to six
months of treatment using CM and were assessed by questionnaires and lung function tests
each month during the treatment period and on the 9 th month follow-up visit. In light of this
global pandemic, we hope this study will bring new opportunities for CM, and facilitate patient
recovery and rehabilitation. We believe that this may be the key to promoting rehabilitation.
Keywords
COVID-19; rehabilitation; observational study; Chinese medicine; respiratory system; lung
function; Quality of Life; body constitutions

1. Introduction
In March 2020, the World Health Organization (WHO) declared the outbreak of a coronavirus
disease 2019 (COVID-19) to be a pandemic. Worldwide, governments are fighting the virus and, at
the same time, taking action to contain its spread. Fortunately, the vaccines were ready and publicly
available in early January 2021. In fact, COVID-19 has lasted for more than 16 months, with over 169
million confirmed cases all over the world [1]. Though after Western medicine treatment or
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undergoing home quarantine, the functionality of COVID-19 patients is still severely or mildly
impaired. These include not only physical weakness but also problems of the pulmonary, physical,
and psychosocial domains [2]. In 2003, Hong Kong experienced the outbreak of a severe acute
respiratory syndrome (SARS) epidemic. A review of the publications during and after the SARS crisis
enabled us to get an objective view of the true value of the adjuvant therapy using Chinese
medicines (CMs) [3].
According to the WHO, most patients had mild or uncomplicated forms of COVID-19, while
approximately 14% were estimated to be associated with a severe acute respiratory infection and
required hospitalization and oxygen support, and 5% required admission to the intensive care unit
(ICU) [4]. Even while patients with COVID-19 are discharged from hospitals, they still present
significant clinical symptoms such as fatigue, poor appetite, shortness of breath, and poor sleep.
They experience not only physical weakness but may also suffer from pulmonary, physical, and
psychosocial problems. This disease has not been understood completely. Hence, its sequelae and
long-term effects on pulmonary rehabilitation in COVID-19 need further evaluation.
For thousands of years, CM has been used by humans in Asia, and it is gaining increasing attention
globally. Being the epicenter of the outbreak, China developed the National COVID-19 Diagnosis and
Treatment Guidelines, and has constantly been updating information about the disease. To facilitate
the implementation of integrative Chinese-Western Medicine in COVID-19 management, CM has
been recommended in the 7th edition of the national guidelines released in March 2020 [5]. For this
reason, CM rehabilitation treatment guidelines for those patients were also released simultaneously
[6-10]. With the aim to strengthen the rehabilitation for health management of discharged COVID19 patients, and help them recover and return to society safely, CM has been used as a treatment
in China during the outbreak. Some of the early papers reported that >85% of COVID-19 infected
patients in China were receiving CM treatment, with an overall effective rate of ≥90% [11]. Among
them, the symptoms of majority of patients (≥60%) improved markedly, while the illness of others
(30%) was stabilized [12].
Although the number of published papers on COVID-19 has increased, many questions still
remain, and available treatment options are limited [5]. CM Practitioners (CMPs) in Hong Kong have
extensive experience in using CM to prevent and treat disease. It is, therefore, important to draw
on their experience and summarize the evidence for the effectiveness of CM on post-COVID-19
rehabilitation. Since early January 2020, there has been a response to the COVID-19 pandemic in
Hong Kong. As of 20 May 2021, a total of 11,828 COVID-19 cases have been confirmed, and 11542
patients were discharged, according to the Centre for Health Protection of the Department of Health
in Hong Kong [13].
2. Materials and Methods
2.1 Overview of Study Design
This was a multicenter observational study. One hundred and fifty discharged COVID-19 patients
who are Hong Kong Chinese aged 18 years or older were recruited. The patients received three to
six months of individualized CM treatment based on CM guidelines on COVID-19 rehabilitation, and
individual clinical symptoms. All participants were assessed by questionnaires and lung function
tests each month during the treatment period and on follow-up visit.
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This study was divided into two parts:
Retrospective syndrome survey: Medical history of participants during COVID-19 hospitalization
was collected during the baseline visit, after obtaining informed consent from the participants. This
was done with the aim to delineate disease severity with the CM syndrome, which includes COVID19 diagnosis date, hospitalization period, and other chronic illnesses in the case report by semistructured questionnaire and the self-developed Body Constitutions Questionnaire.
CM therapeutic assessment: Participants were treated with CM based on syndrome
differentiation. The improvement of clinical symptoms and the status of body constitutions were
periodically evaluated. The examinations included clinical CM diagnostic pattern and clinical
characteristics assessments, lung function tests, and quality of life assessment at each visit for nine
months.
2.2 Recruitment
Participants who were discharged from Hong Kong hospitals and seek CM treatment at the
Chinese Medicine Clinic cum Training and Research Centres (CMCTRs), which are the governmentsubsidized tri-partite CM out-patient clinics, were recruited. One hundred and fifty participants
were found to be eligible for the program. We had seven clinical sites in total, and we assumed that
20-30 participants could be recruited from each site. The study protocol was approved by the
corresponding Ethics Committee(s). Participants who had recovered from COVID-19 were enrolled
upon their capacity to give written informed consent voluntarily.
2.3 Eligibility Criteria
Inclusion Criteria: We recruited participants (aged 18 years or older) under the COVID-19
Rehabilitation Program who had been previously diagnosed to be infected with COVID-19 and
discharged from local hospitals after treatment with Western medicine, and with negative results
from COVID-19 virus detection test.
Exclusion Criteria: Participants were excluded if they had one or more of the following: 1) inability
to communicate (e.g., cognitive impairment), and 2) history of CM allergies.
2.4 Interventions
The participants received three to six months of CM treatment based on their recommended
prescription, individual CM syndrome, and clinical symptoms [14-17]. Each participant was assessed
monthly during the treatment and follow-up. The treatment and assessments were conducted by a
registered CM practitioner with at least three years of clinical experience.
Treatment was offered based on the CM clinical practice guidelines for COVID-19 patients (The
National Health Commission of the People’s Republic of China, 2020), which has been suggested by
numerous clinical studies and guidelines [14].
2.5 Outcomes Measures
The primary outcome includes the scores of CM Diagnostic Pattern & Clinical Characteristics
Assessments and Body Constitution Questionnaires using a Scoring Checklist, which covered two
main syndromes (lung and spleen qi deficiency and qi and yin deficiency), and each included three
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major symptoms and five accompanying symptoms. A four-point scale (0, 2, 4, 6 and 0, 1, 2, 3) was
used depending on symptom severity. The scores summed up to a range of 0 to 33, with higher
scores indicating more severe levels of disease (Please refer to Appendix 1). Questionnaire on body
constitution was classified into nine specific types of questionnaires based on Traditional Chinese
Medicine (TCM) theories, which has been recognized by the China Association of Chinese Medicine
as the standard of body constitution (China Association of Chinese Medicine, 2009) [18-20].
The secondary outcomes include forced expiratory volume in 1 s (FEV-1), lung function-related
assessments (Lung Function Questionnaire, and the 6-min walk test), lung function test assessed by
the handheld basic spirometry, quality of life (WHO-QOL BREF HK) and the frequency of clinic or
hospital visits for Western medicine during the treatment and follow up period.
The key spirometry measurements include the Forced Vital Capacity (FVC) and Forced expiratory
volume (FEV). FVC is the largest volume of air that the participants can forcefully exhale after
breathing in as deeply as they can. A lower than normal FVC reading indicates restricted breathing.
FEV-1 is the volume of air the participants can force out of their lungs in one second. Lower FEV-1
readings indicate more significant pulmonary obstruction.
Lung Function Questionnaire is a simple, brief, self-administered instrument to identify patients’
suitability for further lung function evaluation. It is a five-items questionnaire about the breathing
and/or cough ailments of the participants. It was validated in China and widely used in primary care
[21].
The WHO Quality of Life Brief Assessment [WHOQOL-BREF (HK)] (Leung, K F; Tay, M., Cheng, S.
S. W., Lin, 1997) was validated in Hong Kong and has been widely used in academia and by clinicians
since 1997. This is a 5-point Likert scale with a total of 28 questions to identify the perceived QOL
of the participants. There are four domains, namely physical health, psychological, social
relationships, and environment domains with a maximum score of 100.
2.6 Participant Timeline
The participants received three to six months of individualized CM treatment, based on CM
guidelines on COVID-19 rehabilitation and individual clinical symptoms. Each participant was
assessed by questionnaires and lung function tests monthly during the treatment period and on
follow-up visit. (Please refer to Table 1)
Table 1 The Schedule for Outcome Measurement.
Assessment

Baseline

Program Intervention

Visit

1

2 3 4 5* 6* 7* 8

Study Months

0

1 2 3 4* 5* 6* 9

Informed Consent

√

History

√

CM Diagnostic Pattern & Clinical Characteristics √
Assessments
Lung Function Assessments FEV/FVC 6-MWT
√

Follow-up

√ √ √ √

√

√

√

√ √ √ √

√

√

√
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Quality of Life Assessments (WHO-QOL BREF √
HK)
√
Body Constitution Questionnaires (CCMQ)

√ √ √ √

√

√

√

√ √ √ √

√

√

√

Assessments on the Frequency of WM Visits

√ √ √ √

√

√

√

√

* The extended treatment is optional.
Remarks: There will be 8 study visits in total
Visit 1: is a Baseline visit
Visit 2 to Visit 7: Patients will receive Chinese medicine treatment and will be assessed by
questionnaires and lung function tests on the same day
Visit 8: follow-up visit after three months at V7

2.7 Data Collection, Management, and Analysis
All analyses were conducted according to the intention-to-treat (ITT) principle. Missing values
were inputted by the last-observation-carried-forward method. The statistical analysis was
performed using the Statistical Product and Service Solutions (SPSS) for Windows version 25.0. A Pvalue of <0.05 was considered statistically significant. Numerical variables needed to be first tested
for normality and were then reported as mean if the data were satisfied with normal distribution;
otherwise, the median was used. Comparisons of numerical variables before and after Program
intervention were analyzed by repeated measures of ANOVA for categorical variables, and chisquared test or Fisher’s exact test were used for analysis.
2.8 Ethics Statement
This study protocol was approved by Hong Kong Baptist University Research Ethics Committee
(Approval no. REC/19-20/0468) and Hospital Authority (Approval no. HA 105/48 PT35), and was
registered at the ClinicalTrials.gov on 3 September 2020 (NCT04544605).
3. Discussion
The role of CM is to enhance anti-epidemic efforts, particularly in relation to prevention and
rehabilitation treatment, and to raise the capability of CMPs in the areas. To date, there is no
reported long-term treatment and no long-term observational study for the discharged COVID-19
patients. Our team has gained preliminary satisfactory treatment outcomes with the application of
CM for patients who still exhibit certain clinical symptoms such as fatigue, poor appetite, shortness
of breath, and poor sleep.
Today the Chinese alternative medicine branch, collectively known as CM, is becoming
increasingly relevant as the world fights the deadly spread of the coronavirus disease. CMs have
their own characteristics such as holistic concept, the balance of Yin and Yang, syndrome
differentiation and treatment, and strengthening the body resistance to eliminate pathogenic
factors.
This study will provide evidence for further research on the changes in body constitutions, and
evaluate the therapeutic effects of CM based on individualized treatment. Improvement in clinical
symptoms and body constitution could also be assessed specifically in the Hong Kong population.
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The effects of CM on the respiratory system by lung function assessments included FEV in 1 s, a 6min walk test, and the Lung Function Questionnaire. In light of the global pandemic, the
development of CM may bring new opportunities and hope to provide references for control and
rehabilitation of COVID-19 patients around the world, and we believe that this may be the key to
promoting rehabilitation resolution.
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Abstract
Homeopathy is often attacked with claims of not being evidence-based or for the implausible
nature of its major principles of dilution/potentization and/or the similars (“similia similibus
curentur”). However, these statements have already been falsified on the experimental
ground, besides being incorrect on an epistemological level. Here we provide an updated
appraisal of the scientific approach to the principle of Similars and homeopathy, focusing on
laboratory models. After a brief historical introduction concerning the early scientific
investigations, some recent in vitro studies are reviewed, with particular reference to those
from our group. The second part is devoted to explaining the homeopathic principle of
Similars using conceptual models in the field of complexity science and the theory of dynamic
systems.
Keywords
Homeopathy; similia principle; laboratory evidence; conceptual models; hormesis

© 2021 by the author. This is an open access article distributed under the
conditions of the Creative Commons by Attribution License, which permits
unrestricted use, distribution, and reproduction in any medium or format,
provided the original work is correctly cited.

OBM Integrative and Complementary Medicine 2021; 6(3), doi:10.21926/obm.icm.2103023

1. Introduction
The American Institute of Homeopathy defined homeopathy as “a unique scientific system of
medicine” predicated on the Law of Similars, Similia Similibus Curentur, or “let likes be cured by
likes”. The Law of Similars (here referred to as the “principle of Similars” or “Similia principle”) is the
center of this system and any effort to verify or confute this principle represents scientific progress.
However, we must be well aware that homeopathy is not only a science but also an art. Each
branch of medicine has in itself aspects that can be approached with scientific criteria and others
that are not. This is important for not making the mistake of believing that everything is scientifically
explainable according to a reductionist perspective. What is the difference then? Homeopathy is art
when applied to a single and unique patient (“individualization”), while it can be seen as a science
of therapeutics when the evidence from experimental studies is applied to a group of patients
(“generalization”) or in laboratory settings.
The eminent French physiologist Claude Bernard (1813-1878) said that: “L’art c’est moi, la science
c’est nous” (art is “me”, science is “us”). Art is subjective, science is objective. Art is more interested
in the “quality” of life, science in the quantitative parameters of our physiology and biochemistry.
For example, when we say “people like homeopathy”, we are speaking as “artists”; when we give a
percentage of improvement, we speak as “scientists”. The question belongs to the art of medicine
when the doctor asks “how are you?” The question belongs to a scientific issue when he/she is
asking “how long have you been sick?” Art is qualitative, while science is quantitative.
Homeopathy can be viewed from two sides, and both sides are useful in the practice of this
medicine. Here, we survey the principle of Similars to examine its historical background and its
scientific consistency. The cornerstone of homeopathy - the whole clinical picture of the individual
patient be taken into consideration - is not in dispute. However, basic research allows the Similia
principle to be investigated in laboratory animals, cells, tissues, and even at the molecular level.
Table 1 reports the glossary of the homeopathic terminologies used in this work.
Table 1 Glossary of the main homeopathic terms used.
Term
Principle of similars (or
“similia principle” or
“the simile”)
Dilution/dynamization

Potencies

Meaning
The fundamental principle of homeopathy according to which a patient
can be cured with the same medicine that produces a picture of
symptoms similar to the disease itself in the healthy subject.
The procedure for the preparation of homeopathic medicinal products
consisting of serial dilutions in which each dilution step is followed by
strong succussion (shaking). The solutions obtained are designated by
numbers according to the degree of dilution at each step: for example,
the solution obtained after 5 dilutions/dynamizations (1:10) is called 5X,
the one obtained after 9 dilutions/dynamizations (1:100) is called 9C.
There are other dilution/dynamization scales such as 1: 50,000 (LM).
Homeopathic dilutions/dynamizations are also called “potencies”
because this term indicates a strong pharmacological activity. It is
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believed that if the correspondence between the remedy and the
patient (similarity) is adequate, the higher dilutions/dynamizations have
more complete and multidimensional therapeutic action.
Homeopathic
The procedure by which the effect of medicinal products is tested on a
pathogenetic trials (HPT- healthy person to describe the fine modifications produced by the
provings)
treatment. Homeopathic medicine-induced perturbation in a healthy
subject is considered as a set of artificially induced symptoms and serves
to build the Materia Medica of the remedy.
Arndt-Schulz effect,
The phenomenon in which a low dose of medicine has the opposite
Hormesis
effect to a high dose. It describes a dose-response curve in the shape of
a U or an inverted U.
Wilder’s Law of initial
The phenomenon in which the response to medicine is opposite in a sick
value
(or stressed) subject compared to that in a healthy (or restful) one.
Isotherapy
The therapeutic method based on the treatment of the disease using the
agent, which may cause it, and which uses preparations of organic origin
such as animal and plant tissues or human secretions.
Vital force, or vital
The dynamic, self-regulatory capabilities to grow, reproduce, heal,
energy, or “dynamis”
adapt, and survive that all living creatures are endowed with.
Boolean network
A network defined by a set of nodes that can take two values (1 or ON
and 0 or OFF) and by functions that determine the relationships between
the nodes. At each time step, the function specifies the state of the node
given the state to the previous step and that of the linked nodes.
Miasm
According to homeopathy, it is an original predisposition of the person
to a particular type of disease, precisely of its constitution. The term
comes from the Greek μίασμα, ‘contamination’. In modern terms, we
suggest to consider the miasms as pathologic dynamic attractors.
2. Experimental Evidence
Homeopathy has been an experimental science since the beginning [1]. However, its presence in
the mainstream, peer-reviewed, scientific literature is more recent. That homeopathy is a science
and can be engaged in scientific experience is demonstrated by the simple fact that the present
century literature on the world’s leading scientific publication database has grown about four times
over the last 20 years. The authors present a few examples of the scientific approaches to
homeopathy.
2.1 Historical Background
Linn John Boyd (1895-1975) was a homeopathic doctor with a scientific vocation; he is little
known among homeopaths and even less in the world of mainstream medicine. He wrote a book
entirely dedicated to the history of the scientific movement in homeopathy [2]. Boyd was a
homeopathic doctor who graduated from the University of Michigan and served as a doctor in the
American Navy. For twenty-five years, he served as the professor of internal medicine and professor
of pharmacology at the New York Homeopathic Medical College and Flower Hospital. His book “A
Study of the Simile in Medicine” is an excellent tool for a historical and scientific analysis of the
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theoretical bases and medical applications of the principle of similarity. It was published in the
United States in 1936 but its contents are still relevant because it deals with the development of the
Similia principle - both in ancient medicine and in its applications by homeopathy - in a documented,
rational, and critical way. Very few people have managed to do justice to this topic like him.
In his book, Boyd has reported hundreds of experiments that proved the homeopathic research
efforts of the so-called scientific movement developed in Germany and the United States during the
nineteenth century. From these studies, Boyd concluded that about 50 % of the tested compounds
exhibited the phenomenon of inversion of effects on changing the dose (Arndt-Schulz effect). Yet,
in this first example, we see “the Simile” as a heuristic principle for a scientist: Boyd aimed to test
the principle in laboratory models and to verify its applications, and possibly its mechanisms, in
careful experimentation. Hence, the homeopathic principle was a stimulus for scientific research.
The Arndt-Schulz phenomenon [3, 4] was further explored by Walter Siegried Loewe (1884-1963)
and others until recent times when it took the name of “hormesis” [5-9]. Hormesis has the restraint
that it does not denote all the homeopathic Similia principles [10, 11]. As reported by Boyd, Loewe
attempted to formulate a diagram (illustrated in Figure 1), which deals with the question of different
doses and their pharmacodynamic effects. He thus presents and discusses the scheme: “We must
ask ourselves the basic question of the transition of a stimulating effect into an inhibiting effect by
looking at the total surface of the graphs representing the activity during the time.”

Figure 1 A draft from Boyd’s book [2] as discussed in the text.
When the effect is followed gradually in the graph according to increasing doses and time, there
is no response kinetics in the area below the activation threshold upon increasing the stimulus
strength (on the left): the activity remains zero over time (path 1). By slightly increasing the
stimulation (number 2), just above the threshold, there is a small functional response with a positive
course, which lasts until the stimulus is exhausted and the activity returns to the basal level. If the
other end of the dose-response curve (path 4) is considered, a pure and monophasic inhibition
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effect is observed with the highest doses. Between these two limits of pure stimulation (2) and pure
inhibition (4), there are behaviors described by biphasic or multiphasic kinetics.
A moderate stimulus can probably cause an evident stimulation curve followed by a small and
transitory inhibitory effect (path 3). Further, with a greater stimulus (maximum activation level),
there is a good stimulation followed by a more evident depression (path 4). With increasing doses,
there will then be a progressive accentuation of the depression phase and disappearance of the
stimulation phase; this will occur until it reaches the level of the curve described by path 4. These
phenomena were described by physiologists in the early decades of the 20th century and interested
homeopathic scientists. However, they were almost totally ignored by conventional medicine,
linked to the idea that the effect was monophasic and proportional to the dose.
According to the “Law of initial value” originally proposed in 1931 by the neuropsychiatrist
Joseph Wilder (1895–1976), the concept of inverse effects was further implemented with the
observations that the effects of the treatments were dependent on the status of the target system.
The concept was already presented by Boyd [2] using experiments with adrenaline effects on
cardiovascular activity. He highlighted that the heart response to adrenaline developed in an orthosympathetic sense (increase in activity and frequency) when the heart was in normal activity.
However, the response to the same trigger consisted of a predominantly depressive phase if the
stimulus was applied to a heart that was already in higher ortho-sympathetic activity. Instead of
excitatory, the response was of compensatory nature.
Subsequently, this explanation of reverse or paradoxical effects, according to the status of the
treated system, was invoked in many fields of medicine [12-18]. However, pharmacologists have
begun to consider these «anomalous» phenomena only recently; the «paradoxical pharmacology»
is starting to be investigated [19-24].
For example, the following sentences describe this concept as reviewed by Dr. Yun [21]: “We
propose a paradoxical strategy for treating chronic conditions based on harnessing compensatory
mechanisms for therapeutic benefit. The therapeutic effect is derived from a compensatory response
rather than the drug effect. For conditions that manifest chronic sympathetic bias, such as
cardiovascular diseases, judicious administration of adrenergic agonists may induce compensatory
downregulation of the baseline sympathovagal ratio. The concept may generalize to many other
diseases, especially those involving pathways that exhibit strong homeostatic tendencies such as the
neurologic, immune, and endocrine systems.” These ideas are very close to the notion of opposite
responses in healthy and sick individuals, as originally proposed by C. F. Samuel Hahnemann (1755
– 1843), the founder of homeopathy.
In our laboratory, the idea of Similars was at first developed during studies on the functions of
neutrophil leukocytes and dose-response experiments with a bacterial product. Different and even
opposing effects were obtained according to the doses employed and according to the preliminary
treatment to which the cells were subjected. By observing the response curves to a bacterial product
called fMLP, it was observed that high doses demonstrated a stimulating effect, while cells pretreated with low doses of the bacterial endotoxin demonstrated an inverse, inhibitory effect [2527].
We have also discovered the mechanism of this phenomenon and attributed it to the effect of
“gating”, that is, the inhibition exercised on the bacterial endotoxin by low doses of a cyclic AMP.
The inverse effect (inhibition of cell activity by low doses of a stimulant) is manifested only in cells
sensitized with the endotoxin, or in cells from an inflammatory exudate [28, 29]. Moreover, it was
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observed that the presence of cells in the inflammatory exudate changed their fatty acid
composition and their reaction to drugs [30, 31]. This observation was analogous with the
homeopathic concept of difference of sensitivity of sick versus healthy subjects. This peculiar type
of cell response at low doses probably performs an important function in the mechanism of
chemotaxis, that is, the movement of cells from distant areas to those closer to the inflammatory
focus, where they go to meet and kill bacteria.
We then reported several studies with homeopathic compounds under either in vitro or in vivo
conditions on laboratory animals. A microtubule toxin (from Podophyllum peltatum) inhibited
neutrophils when used at allopathic doses, while it stimulated the neutrophils when used at
homeopathic doses (typical hormetic effect) [32]. Moreover, purified podophyllotoxin caused a
stimulatory effect (precisely defined as the “priming” effect) on the oxidative metabolism of human
neutrophils at doses of 0.1-10 µg/ml, while doses higher than 100 µg/ml of podophyllotoxin
inhibited the respiratory burst. Thus, the plant toxin showed a typical biphasic dose-response curve.
2.2 Modern Laboratory Investigations
The scientific medical literature reports many examples of reverse effects, and macrophages lend
themselves particularly to this flexibility of responses. The use of the same signals (e.g., special
cytokines, or endotoxins) can cause different effects, trigger different responses, sometimes
opposite, depending on the state of the cell at the time of treatment. These differences concern the
level of the receptors but also the complex network of gene expression, which is very flexible and
“learned” from experience.
A related problem is concerning the doses (or “potencies” or “dilution/dynamizations”). The
principle of similarity was applied since the beginning both with normal pharmacological doses and
with extremely low doses and high dilutions. Hahnemann’s master book, in paragraph 278 of the
Organon, states that “How small, in other words, must be the dose of each individual medicine,
homeopathically selected for a case of disease, to effect the best cure? (...) Is, as may easily be
conceived, not the work of theoretical speculation. (...) Pure experiment, careful observation of the
sensitiveness of each patient, and accurate experience can alone determine this in each individual
case”. Therefore, in homeopathy, the “dose” is not a dogma, and a genuine experimental approach
should be adopted.
However, homeopaths use dilutions beyond the “molecular” limit established by the AvogadroLoschmidt number (approximately 24 X or 12 C). This is a huge problem related to physics and
chemistry [33-35]. Nevertheless, only a minimum part of the issue is dealt with here, limiting
ourselves to present a few examples of laboratory evidence on the «doses» or «dilutions».
In recent years, many investigations have used molecular biology tools such as real-time
polymerase chain reaction (RT-PCR), DNA-microarrays, and RNA-sequencing that provide useful
suggestions on the behavior of human organisms treated with micro amounts of drugs or
homeopathic drugs [11]. The results suggest that gene expression is a particularly sensitive response
of cells and therefore suitable for revealing the smallest changes induced by high homeopathic
dilutions. Table 2 reports an updated list of the laboratory studies wherein the effects of the
homeopathic drugs were consistently reported in cell models.
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Table 2 Effects of increasing dilutions/dynamizations of several compounds administered under in vitro conditions in cellular models as
reported in peer-reviewed literature. Table updated from [11].
Potencies

Test compound

Cell type

Effect*

Mother
tincture

Phytolacca decandra [36, 37]

Melanoma, breast carcinoma

↑ Cytotoxicity

Mother
tincture

Apis mellifera (whole honeybee) Human prostate RWPE-1
[38]

Mother
tincture

Ruta graveolens [39]

Dalton’s lymphoma ascites ↑ Cytotoxicity
(DLA),
Ehrlich
ascites
carcinoma

Mother
tincture

Carcinosinum [40]

DLA cells

↑ specific gene expression (p53, pro-apoptotic)

Mother
tincture

Symphytum officinale [41]

Human mesenchymal cells

↑ Osteogenic differentiation; ↑ Runx2, Osteopontin,
and Osteocalcin gene expression

1M

Thuja [42]

DLA cells

↑↓Gene expression (whole-genome analysis)

3X

Drosera rotundifolia [43]

16HBE bronchial cells

↑↓Gene expression of epithelial growth, xenobiotic
detoxification, and cytokines

4X

Podophyllum [32]

Human neutrophils

↑ free radical production, ↓ Adhesion

4X-6X
(complex)

Arnica, Calendula, Hypericum, and 3T3 fibroblasts
Symphytum [44]

↑ Cell movement, chemotaxis

6X-12X
(complex)

Calcium fluoratum, Magnesium Rat osteoblasts
phophoricum, Acidum silicicum
[45, 46]

↑ Osteogenesis

2C

Histamine [47, 48]

↓↓ CD203c membrane expression

Human basophils

↑↓ expression of different groups of genes (wholegenome analysis)
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2C

Gelsemium sempervirens [49, 50]

Human neurocytes SH-SY5Y

↓↓ Gene expression (whole genome analysis, RT-PCR
array)

2C

Gelsemium sempervirens [51]

Cervical cancer HeLa

↑ Cytotoxicity

2C

Arnica montana [52-54]

Human
differentiated
cell line

6X

Phosphorus, Sulfur [55]

Human neutrophils

↓ free radicals production

8X

Magnesium
phosphoricum, Human neutrophils
Manganum phosphoricum [55]

↓ free radicals production

3C, 5C, 7C

Apis mellifera [38, 56]

Human prostate RWPE-1

↑↓ expression of different groups of genes (wholegenome analysis)

5C

Gelsemium [57]

Rat neurons

↑ Neurosteroids

5C

Lycopodium clavatum [58]

Cervical cancer HeLa cells

↑ Apoptosis

6C

Mercurius solubilis [59]

Mice peritoneal macrophages ↑ Interferon- production, ↓ Free radical production

6C

Ruta graveolens [60]

Cell lines from brain cancer, ↑Cytotoxicity in cancer cells (not in normal
leukemia, and melanoma
lymphocytes)

17X

Gibberellin [61]

Pea seeds

7X-24X
(complex)

Aconitum, Arsenicum, Asafoetida, HT29
cells,
Calcarea carbonica, Chelidonium, macrophages
Cinnamon, Conium, Echinacea,
Gelsemium
sempervirens,
Ipecacuanha, Phosphorus, Rhus
toxicodendron, Thuja, Silicea, and
Sulfur [62]

9C

Gelsemine [57]

Rat neurons

PMA-IL-4- ↑ Gene expression of four genes with a conserved site
macrophage of epidermal growth factor(EGF)-like region (p<0.001)
and three genes of extracellular matrix, including
fibronectin

↑ Germination
human ↓ NF-κβ hyperactivity (reduced expression of reporter
gene GFP in transfected HT29 cells), ↓TNF- release in
macrophages

↑ Neurosteroids
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9C

Gelsemium sempervirens [49, 63]

Human neurocytes SH-SY5Y ↓ Gene expression (whole-genome analysis)
cell line

10C

Triiodothyronine [64]

Tail cells of Rana

10C, 12C

Nux vomica or Calendula [65]

Human gastric epithelial cell ↑ specific gene expression in H. pylori-stimulated HBline KATO-III
EGF gene

2C-15C

Arnica montana [66]

Human
differentiated
cell line

PMA-IL-4- ↑↓ Gene expression of several cytokines. Marked
macrophage non-linearity of the dilution-response

15C

Arnica montana [52-54]

Human
differentiated
cell line

PMA-IL-4 ↑ Expression of genes of extracellular matrix
macrophage

15C

Lycopodium clavatum [58]

Cervical cancer HeLa cell line

30X

Rhus toxicodendron [67]

Primary cultured
chondrocytes

6X, 5C
and 15C

Taxol [68]

Breast cancer cell line MCF-7

↓↑ expression of specific genes p53, p21, COX-2,
TUBB2A, and TUBB3

16C

Histamine [47, 48, 69]

Human basophils

↓ CD203c membrane expression

14C-18C

Adrenaline [69]

Human basophils

↓ histamine release, ↓ CD 63 and CD203c expression

15C-20C
(pooled)

Cadmium [70]

Human lymphocytes

↑ Resistance to cadmium toxicity

45X

Arsenic [71, 72]

Arsenic-intoxicated
seeds

wheat ↑ Germination, ↓ Gene expression levels

30C

Arnica montana [73]

Escherichia coli

↑ Resistance to RX toxicity

30C

Arsenicum album [74]

Escherichia coli

↑ Resistance to arsenic toxicity

30C

Carcinosinum [40]

DLA cells

↑ specific gene expression (p53, pro-apoptotic)

↑ Apoptosis in cells treated with 100 nM T3

↑ Apoptosis

mouse ↑ specific gene expression (COX-2), ↑ inflammatory
response (PGE2 release), ↓ specific gene expression
(collagen II; de-differentiation role)
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30C

Arsenicum album [74]

Saccharomyces cerevisiae

↑ Resistance to arsenic toxicity, ↓↑ expression of
specific genes (apoptotic gene, stress response
proteins)

30C

Carcinosinum [40]

Mouse primary lung cells

↑ Resistance to benzopyrene toxicity, ↓ free radical
production
↓ heat shock protein hsp-90 expression

30C

Condurango [77]

H460-non-small cell
cancer (NSCLC) cells

100C

Sabal serrulata [78]

PC3 cancer cells

↓ Proliferation

200C

Ruta graveolens [39]

DLA cells

↑ Apoptosis

200C

Mercurius soubilis [59]

Mice peritoneal macrophages ↓ Free radical production

200C

Carcinosinum [40]

DLA cells

↑ specific gene expression (p53, pro-apoptotic)

200C

Carcinosinum, Hydrastis, Ruta or
Thuja [42]

DLA cells

↑ Apoptosis, ↓↑ Gene expression (whole-genome
analysis)

30C and 200C

Sodium butyrate [79]

HEK-293 cell line

↓ TNF-α and IL-10 genes, ↑IL-2 gene

lung ↓↑ expression of specific genes (apoptotic markers),
↑ Apoptosis, oxidative stress, mitochondrial
depolarization
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A series of published studies on animal models [80] documented that inverse effects occur when
using normal-to-highly diluted doses. The examples include the use of thyroxine on frog pups or
aspirin on platelet aggregation and hemostasis systems. They can also be seen in immunological
models that demonstrate the mechanism of curing allergy or autoimmunity by allergy-causing
substances in people with these diseases. In our laboratory, with the help of pharmacologist Dr.
Anita Conforti, the principle of Similars was studied in animal models [81-91].
The first systematic review brought evidence of the in vitro biological activity of dynamized
solutions on blood cells such as basophils, lymphocytes, granulocytes, and fibroblasts [92]. In a
subsequent review [93], 67 experiments were evaluated, and a high potency effect of
dilutions/dynamization was recorded in three-fourths of them. Considering the 18 best-quality
experimental works, two-thirds of them reported statistically significant positive effects. However,
in this review no positive result was stable enough to be reproduced by all researchers.
Another review focused exclusively on experimental models with high dilutions (i.e., over the
Avogadro limit) that have undergone replication control [94]. A total of 126 studies involving cellular,
biochemical, immunological, botanical, biological, and zoological experiments were collated; of
which, 98 were replicative studies. They were grouped into 28 experimental models such as those
on enzymes, cultured cells, plants, immune cells, isolated organs, amphibians/fish, rats/mice, etc.
In total, 24 models with comparable results, 12 models with zero effect, and 6 models with opposite
results were replicated. Five models were externally reproduced with comparable results.
2.3 Hormesis
The inversion of effects according to the different doses is called “hormesis”. The phenomenon
of hormesis is indisputable. In classic pharmacology and toxicology, hundreds of substances are
known to cause inhibition at high concentrations and stimulation at low concentrations (or vice
versa) [95-99]. Hormesis is a special example of the Similia principle at the biological and
physiopathological levels and is important for the therapeutic use of low doses of toxic substances.
However, this phenomenon does not represent the only explanation of the homeopathic principle,
which mainly concerns the difference of drug effects between healthy and ill subjects [11, 100].
Oral-specific immunotherapy describes a typical pattern of reversal of effects in the
immunological literature [101-103]. Allergen immunotherapy (e.g., for allergy to honeybee venom)
has been proven to be a clinically safe and effective strategy to reorient inappropriate immune
responses in allergic patients. Administration of allergens via the oral mucosal route using sublingual
immunotherapy has gained prominence as effective allergen-specific immunotherapy and can be
used as an alternative to subcutaneous injections. To date, sublingual immunotherapy is widely
accepted by most allergists.
This phenomenon is due to the presence of regulatory cells (that is, the lymphocytes that
suppress abnormal immunological responses). These regulatory cells are activated in the allergic
subject by the oral application of extremely low doses of the substance to which the patient is
hypersensitive. The same substance that makes a healthy (and susceptible) person allergic may cure
a person with an allergy. Thus, this is a clear example of “Similia similibus curentur” applied with
very low doses and is called “isotherapy”.
The effect of histamine on basophils is another typical example of inverse effects that has a clear
explanation. Histamine is an organic nitrogenous compound involved in local immune responses, as
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well as in regulating physiological function in the gut and acting as a neurotransmitter for the brain,
spinal cord, and uterus. Histamine is involved in the inflammatory response and performs a central
role as the mediator of itching. The interesting fact is that the same substance binds to the
histamine-H2 receptors of the basophilic cells and mastocytes and inhibits the release of histamine.
This is natural feedback to hinder excess inflammation that may be dangerous and painful.
Interestingly, various laboratories [104-107], including ours [48, 108], have reported that
homeopathic dilutions of histamine, Apis mellifera, and Histaminum can inhibit the activation of
human basophils. In this case, we have evidence that the homeopathically diluted substance works
on the same pathway as the natural feedback that is operated by higher doses on the same cell type.
There is strong evidence for the following aspects of the theory:
✓ Under suitable conditions, the dose-response curves are often nonlinear, biphasic, or
multiphasic: the DOSE-RESPONSE «DOGMA» must be denied.
✓ Several laboratory studies show an inversion of effects from HIGH doses (toxic, or maximum
achievable effect: e.g., 1 to 10 mmol/L) to LOW doses of drugs (beneficial, e.g., 0.0001 to 0.1 mmol/L)
(typical hormesis).
✓ In specific experimental conditions (cells, animals, plants), the effect of homeopathic
medicines may be observed in ULTRA-LOW doses (e.g., 2C-5C, 0.0000000000001 to 0.00001
mmol/L: high sensitivity of biological systems), and HIGH DILUTIONS (beyond Avogadro, e.g., 15C,
30C, no «dose») (in the same direction of effect, there is little evidence of hormesis in high dilutions).
Here, three examples from our laboratory are mentioned.
2.3.1 Histamine and Other Mediators
Histamine [48] inhibited the membrane expression of the activation markers of the basophils at
the 2C dilution; this effect was obtained with maximum intensity. The 10C and 11C dilutions did not
affect the markers. However, some higher dilutions like 14C and 16C exerted the inhibitory effect,
albeit at a lower intensity. The dilutions of the solvent (pure water) never had any effect. The
principle of similarity or “inversion of effects” was applicable here because histamine caused acute
inflammation when injected or endogenously released in high doses. However, low doses or higher
dilutions inhibited the function of the same cells that produced the histamine.
This example is emblematic to show how the inversion of effects is due to the target system
response and does not occur with the passage from “low dilutions” (where there are still molecules
in weight doses) to “high dilutions or potencies” (where there are only “fingerprints” or “frequencies”
of the original molecules in the solvent). A similar effect was reported for the serial dilutions of
adrenaline [69] and Gelsemium sempervirens [57, 109]: the “inversion of effect” does not occur due
to the mechanism of dilution or dynamization. However, it can be viewed as a pharmacodynamic
effect linked to the interaction between the message (drug) and the typical target system and its
susceptibility to regulation (activation or inhibition) in a certain experimental condition.
2.3.2 Gelsemium Sempervirens
For the neurocytes treated with Gelsemium sempervirens 2C, a reduction was observed in the
expression of 49 genes, which was a possible explanation of the anxiolytic-like properties of the
plant [49]. Next, a 3C dilution (100 times higher than 2C) inhibited 47 genes while upregulating 2
genes. The 5C dilution downregulated 40 genes, stimulated five genes, and did not affect the
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expression of four genes. Noteworthy, the Gelsemium sempervirens solution was diluted a million
times from the 2C to the 5C dilution, but its pharmacologic activity on gene expression remained.
Finally, even with the 30C dilution, there was a “significant imbalance” in favor of inhibiting a greater
number of genes. All tests were performed in comparison with a solvent solution, i.e., pure water.
With pure water, there was no significant effect: neither stimulation nor inhibition. Thus, the
number of genes that randomly increased or decreased or remained zero was similar. This effect
cannot be due to chance, and therefore, it was concluded that some specific activity persisted even
in higher dilutions beyond the Avogadro constant.
This line of research on Gelsemium sempervirens stirred a debate in the literature and resulted
in several published papers from our group [50, 63, 87, 89, 91, 110-112]. In animal experiments [87,
110] also, the similarity principle was applicable because Gelsemium sempervirens was a toxic
substance with a notable tropism on the cells of the nervous system. It caused tremors and irritation,
and difficulty in walking (symptoms also of provings). However, high dilutions of this plant cause a
state of greater calm and familiarity with open spaces when administered to subjects with anxious
symptoms or experimental animals subjected to situations that generate anxiety.
2.3.3 Arnica Montana
Very interesting results were obtained with Arnica montana under in vitro conditions on human
macrophages. The cells differentiated with Interleukin-4 induced a “wound-healing”-like phenotype
and were then treated with various homeopathic dilutions of Arnica montana (2C, 3C, 5C, 9C, and
15C) for 24 hours. The expression of several genes of cytokines [66] and extracellular matrix [52, 53]
was modulated. Another interesting observation was that on subsequent dilution, the activity of
most genes whose expression was changed by Arnica montana 2C remained modified in the same
direction (i.e., upregulated genes remained upregulated and downregulated remained
downregulated) even at higher dilutions. However, a few genes showed inversion of effects.
The publication stirred an interesting debate [113, 114]. However, three years after the
publication, some people complained against this work, and eventually, the paper was retracted by
the same journal PLOS ONE. This could certainly be part of a concerted attack on homeopathy. Later,
the tests were repeated with new methods [115], and the main results were confirmed [54].
Arnica montana is a very popular medicine that is used both in homeopathy and phytotherapy
(external application only in the latter case) [116]. Here, it was difficult to envisage the application
of the Similia principle in laboratory settings. Therefore, the only experience that could provide
examples of this “general rule” of pharmacology was the careful clinical study of symptoms in
pathogenetic trials, compared with the results of clinical practice.
2.4 Clinical Experience
The homeopathic principles have also been proved in clinical settings. The results obtained from
prospective observational research on the homeopathic treatment for patients suffering from
headache (migraine and tension-type headache) by our group are described [117]. The research was
undertaken by a group of doctors of the Verona Homeopathic Medical School. Fifty-three patients
were asked to complete a questionnaire at the beginning of and after 4-6 months of the treatment.
Data analysis demonstrated that more than 60 % of the patients experienced an improvement in
pain and the limitations caused by pain, as well as in limitations in their social activities and health
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in general. Following this experience, further studies were conducted on arthro-rheumatic diseases
[118] and diabetic neuropathy [119] with the homeopathic medical association called “Belladonna”.
These studies have been published in scientific literature. Our group has published a few clinical
reviews concerning the effect of homeopathy in post-surgical settings [116] and upper respiratory
tract diseases [120, 121]. A complete review of this topic is outside the scope of the review.
3. Conceptual Models
Although several models have been proposed to explain the principle of Similars, it can best be
understood and appreciated in the framework of complexity science and dynamic systems theory.
Several papers have been published on this subject by our group [80, 92, 122-126] and others [127131] based on the theories of Boolean networks and complex dissipative systems, which
demonstrate the relevance of self-organization and adaptation in rationalizing this traditional
medical principle.
Our work is aimed at building a model of the vital energy, disease dynamics, and the possible
action of homeopathy on them. Technically, this model is not a mathematical one; it is conceptual
and a qualitative sketch of the mechanism of a process. The concepts and the language are provided
by the dynamic system theory, molecular biology, and general pathology.
The concept of vital force (or energy) indicates a dynamic self-regulatory capability, which all
living creatures are undeniably endowed with, in order to give them a better chance of survival. In
general, the living organism can be considered an open dissipative system that operates away from
thermodynamic equilibrium and exchanges matter, energy, and information with the environment
[132-136].
A useful concept helping in the description of vital energy is to consider its structure as a
“network”. Networks are complex structures because the state and the changes of each element
depend, directly or indirectly, on the state and the changes of the other elements. Therefore, the
network behaves as a coherent system, whose health state is governed and restored by the wellconnectedness of the internal and external processes. Moreover, the iterative changes in the
networks depict self-organizing capacity and form dynamic attractors. A simple graphical scheme
has been developed by us wherein these features are qualitatively described.
The healthy condition is represented as a scheme of five nodes where each node is linked with
two other nodes by stimulating and inhibiting connections (arrows). Independently of the number
of nodes and of connections of the net, the two main properties of complex systems are represented
here: “connectedness” (or connectivity) of individual elements and “dynamics”, i.e., the possibility
of change during the time (Figure 2). When our vital energy is subjected to some stressor, we exhibit
the possibility of adaptation and resistance. However, if the response is inefficient or sub-optimal,
the disease can develop.
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Figure 2 The healing power of the vital force in the “space of energy” («DYNAMIS»).
The basic mechanism of disease is the «suboptimal response to stress», which can have three
aspects:
1. Deficit (too little, hypo-)
2. Excess (too much, hyper-)
3. Disorder of connections
These changes in our body generate signs and symptoms, according to Hahnemann: «Diseases
are nothing more than alterations in the state of health which express themselves by morbid signs»
(Organon, §19).
3.1 Networks
One of the most interesting and unexpected properties of complex nonlinear networks is their
tendency to occupy a limited number of stable states out of the theoretically huge numbers of states
available to them.
These states are called attractors and often have great stability in being the final dynamics of a
Boolean network model or because they are situated in a local minimum in the state-space of energy.
Networks are considered normal when they are positioned at a more stable level and with lower
energy expenditure; thus, they are regarded as ‘‘physiological’’. Networks are considered further
from equilibrium when they are positioned at higher energy expenditure levels. The “homeopathic”
symptoms are emergent properties of a global, individual network [126, 129].
Thus, according to the most modern concept of the dynamic system theory, the life force (or life
energy) is rationalized and represented in a graphical way (Figure 2). Our body is represented as a
network of five “nodes” (A, B, C, D, E) interconnected by activation and inhibition links. Each node
can be in a resting state (normal), strong activation (marked contour), or inhibition (dotted contour);
this simply represents the different possible situations.
The “space or states” or “space of energy” is a useful representation of the possible situations of
dynamic systems in the so-called energy landscape. Simulating the trajectories and attractors of the
network system in the energy state-space provides a qualitative illustration of the pathological
effects occurring due to targeted external perturbations. These changes can lead to permanent,
self-sustaining alterations. In the vertical axis, the energy expenditure is reported; higher states are
unstable and have the tendency to shift toward more stable states, where the energy expenditure
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is lower. In the horizontal axis, the dynamic changes in the network are represented. The area is
divided into various sub-spaces representing hills and valleys, where the different possible states or
configurations of the system can be located.
This scheme tries to represent in a graphical form the «autocracy» and the «dynamis» that
(according to Hahnemann) animate the material body (organism), rule with unbounded sway, and
retain all the parts of the organism in admirable, harmonious, vital operation, as regards both
sensations and functions. Autocracy can be translated in modern terms as “self-organization”.
“Dynamis” can be translated as “the dynamic changes in the energy and organization of the system”.
An ideal network can be envisaged in a resting state at the bottom of the main attractor; this
represents the healthy state in its best, self-organized, dynamic state. In this position, the living
system spontaneously dissipates as little energy as possible, maintaining all the active vital functions
as ready to mobilize, if the internal or external conditions change. It is not “equilibrium” in a
thermodynamic sense wherein the maximum possible entropy and the dissipation of information
prevail. This is a “controlled dysequilibrium” wherein fine changes take place under harmonic
exchanges of biologic information, which require little adaptation effort. Under these conditions,
the “symptoms” that reveal the disturbances of the body and mind are minimal. The healthy person
feels the “presence” of one’s body to a lesser extent: his/her body does not produce and send alarm
signals to the mind.
As also shown in Figure 2, a possible internal or environmental stressor modifies some nodes of
the network. The modifications spread in most parts of the network. This shifts the body to a metastable state far from equilibrium (higher in the energy landscape). This dynamic state is followed by
further changes that are the deterministic consequence of the self-organizing capacity of the
dynamic network. The reaction eventually terminates when the damage is repaired, the reaction is
turned down, and the equilibrium is restored. This is a spontaneous capacity of vital energy; it is not
the disease. In healthy subjects, all the perturbations are followed by a return to normality, except
when a disease occurs (this occurrence will be discussed later). However, normality is the
homeodynamic, the conservation of life, and the inherent healing capacity.
The healthy living system consumes less energy because it has to perform fewer operations to
compensate for disturbances (produced inside or coming from the outside). Energy consumption
normally fluctuates during physiological functions and peaks under conditions of increased demand
for cell work. This kind of periodic oscillation is completely normal. The disease (both chronic and
acute) continues to represent a challenge to the living system that tries to heal or compensate, at
least in some parts, in order to survive. This process forces the system or its parts to dissipate more
free energy because each change requires biochemical reactions and every biochemical or
metabolic reaction requires ATP consumption.
3.2 Symptoms and Provings
At this point, it is important to consider the symptoms as emergent properties of the global and
individual networks (Figure 3).
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Figure 3 Emergence of signs and symptoms in stressed homeodynamic networks.
In the dynamic evolution of the stressed system, symptoms first appear as “emergent properties”
of the physiological networks during the normal stress response. Next, these symptoms express
changes in specific networks during natural diseases (strong in acute diseases, subtle in chronic
ones). Finally, new symptoms are expected to arise during the challenge of healthy persons with
medicines (homeopathic drug proving, or “pathogenetic trials”).
The external symptoms represent a unitary phenomenon due to the global interacting
modifications of the internal homeodynamic network. Thus, symptoms are not only the expression
of “disease” dynamics but also of the “way” in which the whole individual interacts with stressors
and disease-related modifications. This is of paramount importance for the classic homeopathic
method, which is based on the careful observation and interpretation of symptomatology.
The central pillar of the idea of the “similitude” supports the test of medicines with adequate
experiments. Each medicine, given to a healthy person, represents a small or large biological stress
(Figure 4). Hence, the affected biological systems (represented here by the network in the energy
space) are modified, pushed away from the equilibrium, and generate symptoms. This situation is
called “artificial disease” by Hahnemann: We read (§24 of Organon): “We seek (…) a medicine which
among all medicines (whose pathogenetic effects are known from having been tested in healthy
individuals) has the power and the tendency to produce an artificial morbid state most similar to
that of the case of disease in question”.
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Figure 4 Hahnemann’s brilliant idea: the provings of medicines.
However, we should not believe that this “artificial disease” corresponds to our conventional
diseases (diabetes, heart attack, Alzheimer’s disease, cancer, etc.). The so-called Hahnemannian
“artificial morbid state” is a set of modifications of the vital energy pushed away from the
equilibrium, which manifests itself with characteristic symptoms. Due to the self-organization of the
complex systems, this dynamic state has an inherent capacity to return to the healthy state
(attractor) (provided the dose and time of expositions do not destroy the system). In other words,
in healthy individuals, a «pathogenic medicine» produces some specific symptoms, but they
spontaneously disappear after some time because of the self-organization of the targeted system(s)
(«spontaneous healing»).
Homeopathic pathogenetic trials (HPT, or provings) are fundamental to homeopathy, but most
of the data from the available provings have not been statistically evaluated. Hence, the specificity
of the reported symptoms and the differences in these symptoms compared to those reported by
people taking a placebo are not clear. The Similia principle was demonstrated to also work in the
difficult field of human investigation when “conventional” statistics was applied to the HPT by our
group [137] and others [138-140].
In a publication from a double-blind study by Dr. Gustavo Dominici and others, the symptoms
induced by proving a medicine were found to decrease spontaneously over time in a few weeks
[137]: The “Artificial disease” in a healthy person heals spontaneously thanks to the physiological
homeodynamics (vital energy).
3.3 The “Disease”
The next task was to illustrate the concept of disease in the space of energy (figure 5). As stated
by Hahnemann, «Every disease (not entirely surgical) consists only in a special, morbid, dynamic
alteration of our vital energy (of the principle of life) manifested in sensation and motion» (Organon
aphorism §29). Sometimes the reactions are not proportionate to the damage. Therefore, some
further damages can be observed that are caused not by the first environmental trigger but by a
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problem of the reaction itself. This condition is called “acute disease”. Its main cause is not a “bad”
external or internal factor but a disproportionate reaction that may cause further damage.

Figure 5 The “disease” as a disorder of the network dynamics in the space of energy.
ACUTE DISEASE here is represented by an EXCESS of reaction (e.g., in the node “B”) that indicates
an unsuitable, damaging, or disproportionate reaction compared to the needs of an optimal and
coordinated reaction. The unwanted “cytokine storm” and “hyper-coagulation” in the advanced
stages of COVID-19 are typical examples of disproportionate and counterproductive reactions.
In Figure 5, the symptoms of acute diseases (with many manifestations of active phenomena like
inflammation, fever, and pain) have been schematically depicted. In particular cases, especially
when the acute disease hits a system already affected by serious inherited predispositions by other
chronic conditions, or the use of toxic substances (alcohol, drugs), the local damage may be serious
enough to threaten the life of the subject. Acute illness hurts but, in theory, it can heal
spontaneously, at the price of pain and risks to life integrity if very serious.
Inflammatory acute diseases are clear examples of the double-edged sword represented by our
defense, reaction, and repair mechanisms. One of the more challenging clinical decisions is to
identify an inflammatory process as being the expression of normal homeodynamic reactions or
being truly “pathological”, i.e., more damaging than beneficial. Moreover, this decision will
determine whether the reaction should be pharmacologically regulated or left to heal on its natural
course. In most cases, an acute disease may not cause irreversible damages, and eventually,
spontaneous (or medically assisted) healing is observed.
On the other hand, the non-optimal response may turn into a CHRONIC disease. This occurs when
the system altered by stress changes to find an adaptation with the mechanism of the attractor. The
re-organization of the stressed systems takes place in a minimum of energy that does not
completely resolve the disorders of homeodynamics; it is difficult to think of healing. Some
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imbalances remain, and the energy consumption for adaptation remains high, creating further
problems over time. This situation cannot heal spontaneously.
Acute and chronic diseases were distinguished by Hahnemann in paragraph 72 of the Organon.
His view is perfectly compatible with this modern model derived from the dynamic system theory
with only one exception: at the end of paragraph 72, Hahnemann stated that chronic diseases “are
caused by dynamic infection with a chronic miasm.” The concept of miasm should be revised in more
modern terms [141], and this is possible according to the concepts of modern pathology and
delineated especially by the theory of dynamic systems.
Here, a perspective of the synthesis of chronic diseases is observed in the modern view:
1. LONGER DURATION – NO SPONTANEOUS HEALING
2. OFTEN PROGRESSIVE
3. BEGIN WITH LITTLE, SUBTLE SYMPTOMS
4. MULTIFACTORIAL
Chronic diseases usually occur due to various interacting causes like inborn susceptibility (e.g.,
defects of membrane channels, receptors, enzymes, HLA, coagulation, amyloidosis), genetic
mutations (RX, tobacco smoke), persisting infectious agents like viruses (e.g., papilloma, HIV, herpes,
cytomegalovirus, Epstein-Barr), bacteria (e.g., Treponema pallidum, Mycobacterium tuberculosis,
Mycobacterium leprae, etc.), prions, environmental factors persisting in the body (e.g., minerals
causing silicosis, asbestosis; aluminum nanoparticles of vaccines; diet containing excess amounts of
cholesterol, fat, protein glycosylation), psychologic-psychosomatic factors (imbalance of the
neuroendocrine response to stress).
Hahnemann correctly discovered the method to exploit the Similia principle through
pathogenetic experimentation of medicines. However, his theory of chronic diseases (where he
tried to describe the “cause” of diseases in §78-80 of Organon) was incorrect where he maintained
that the “cause” of 90 % of diseases was infection (theory of “Psora”). In any case, even without the
(outdated) theory of Psora, the Similia principle is scientifically correct as described in the «New
principle» (first published in Hufeland’s Journal in 1796) and the first 70 aphorisms of the Organon.
The original Hahnemann’s idea for finding individualized medicines capable of regulating the
dynamics of healing remains theoretically correct and experimentally proved.
An important aspect related to this model was the fact that diseases do not affect everyone
equally. However, some people are more or less susceptible. This well-accepted fact in
contemporary pathology was observed by Hahnemann and described in the Organon: «The inimical
forces, partly psychical, partly physical, to which our terrestrial existence is exposed, which are
termed morbific noxious agents, do not possess the power of morbidly deranging the health of man
unconditionally; but we are made ill by them only when our organism is sufficiently disposed and
susceptible to the attack of the morbific cause that may be present, (…) hence they do not produce
disease in everyone nor at all times.» (Organon aphorism §31).
3.4 Suboptimal Response to Stress
The concept of response to stress was visualized better at the biochemical level using the scheme
of Figure 6.
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Figure 6 Dynamics of the biologic efficiency and the suboptimal response to stress at a
molecular level.
In Figure 6, the concept of “suboptimal stress response” is evaluated from a mechanistic
standpoint. All living organisms are capable of responding to stress with a series of defense and
adaptation mechanisms to the extent that a little stress is considered useful. Moderate stress
(“eustress”) causes compensatory responses at the cellular, tissue, and systemic level that increases
the biological efficiency. These biological mechanisms include, for example, the repair genes,
receptor upregulation, enzyme induction, immunological response, hypothalamus-pituitaryadrenal axis activation, etc.
At the cellular level, sublethal doses of the same stresses provoke a pro-survival response based
on several molecular modifications [142]. These changes include Sirtuin-1, Histone deacetylase,
AMP-activated protein kinase, the Forkhead family of transcription factors, nuclear factor-2
transcription factor, heat-shock proteins, DNA repair genes, antioxidant enzyme induction, receptor
up-regulation, and proteasome activity. Additionally, Bcl-2, an anti-apoptotic protein recognized for
its antioxidant and pro-survival functions, plays an important role during oxidative-conditioning
hormesis [143]. The suboptimal function of these mechanisms can lead to disease, while their
stimulation by a “small” heterologous stress may be one of the molecular mechanisms explaining
post-conditioning hormesis at the cellular level [96, 144, 145].
However, if the stress is too strong or too long or the person is particularly susceptible,
physiological or biochemical response systems at the cellular level can collapse, and a non-adaptive
response follows, which is called “distress”. Consequently, protein denaturation, unfolding,
aggregation, receptor downregulation, acidosis, ionic unbalance, etc., may occur. In these
conditions, the disease cannot heal spontaneously, becomes chronic, and even progressive.
A general model for the action of homeopathic remedies based on stimulation of the organism’s
biological stress response network has been proposed by Bell and coworkers [146] and by our group
[11]. This model is based on the idea that the resilience and recovery from the disease are due to
time-dependent sensitization of the host responses that reverse the direction of pathology. Bell and
Koithan have shown that [146] some of the physiological components involved in the organism’s
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response to stress have complex, nonlinear interrelationships. Pathways in the central nervous
system, including the amygdala, prefrontal cortex, and hippocampus, are involved in stress
responsivity and reward, learning and memory, somatosensory function, emotional function, and
motor activity, and regulate and interact with all of the above components. The same authors
suggested that this point of view on the disease dynamics may open the way to the use of
homeopathic remedies: “Disease is an emergent outcome when the cumulative stress load
overwhelms the adaptive capacity of the system, and the interactions become persistently
dysregulated. Targeted, timed disruption of the dysfunctional dynamics of disease affords the
system an opportunity to recover normal regulatory relationships and interactions across the
biological network. The present model postulates that the correct homeopathic remedy provides
such a disruption to initiate adaptive changes.”
3.5 Homeo-Therapy
The role of the “simile” medicine is described in Figure 7: «SIMILE» MEDICINE is THE MEDICINE
THAT IN HEALTHY INDIVIDUALS INDUCES SYMPTOMS SIMILAR TO THOSE OF DISEASE. Hahnemann
states (Organon aphorism §22): “Medicines only become remedies and capable of annihilating
diseases, because the medicinal substance, by exciting certain effects and symptoms, that is to say,
by producing a certain artificial morbid state, removes and abrogates the symptoms already present,
to wit, the natural morbid state we wish to cure. “

Figure 7 Homeo-therapy, i.e., the «logic» of the Similia principle in the energy landscape.
The “artificial morbid state” is obtained by administering the medicine known through
pathogenetic trials on healthy individuals. This is clear and plausible if it is accepted that the power
of medicines can be known through accurate testing of the symptoms that medicines are capable
of causing in healthy people.

Page 57/202

OBM Integrative and Complementary Medicine 2021; 6(3), doi:10.21926/obm.icm.2103023

The natural disease and the artificial disease can match in the described network. Matching is
done according to the classical theory by a careful comparison of the symptoms that are emergent
properties of the network. If the symptoms are similar, it means that the “internal mechanisms” are
also similar, that the medicine can touch the same targets that are modified by the disease. This
view would seem very paradoxical or even foul for contemporary pharmacology. However, its
profound meaning can be appreciated now.
3.6 Why the Artificial Disease is Stronger?
«The curative power of medicines, therefore, depends on their symptoms, similar to the disease
but superior to it in strength (§12-26)». In paragraph 30: «The human body appears to admit of being
much more powerfully affected in its health by medicines (partly because we have the regulation of
the dose in our own power) than by natural morbid stimuli—for natural diseases are cured and
overcome by suitable medicines».
Now we are in the position to understand what Hahnemann implied when he stated that the
artificial disease produced by the medicine was “stronger” than the natural disease.
It certainly did not mean that the disease was more “serious”, or that it exhibited “more
symptoms”; from this point of view, the artificial disease induced by medicine was much weaker.
The «strength» of the artificial disease lied in the fact that it was capable of healing on its own. It
was an efficient, well-coordinated disease aimed at healing due to the systems of self-organization
(autocracy) evaluated and inherent in the organism. These systems did not function optimally in the
case of natural disease, and that is precisely why the natural disease manifested itself.
Now, the patient has lost the ability to coordinate an efficient response to the disease because
some sub-systems do not work (they are faulty for suboptimal response to stress) or lack the
adequate information to provide a balanced response. This information is provided by homeopathic
medicine.
In brief, when the system affected by a natural disease “similar” to the artificial one is treated
with a substance capable of inducing a state far from equilibrium as in the healthy subjects, then
the system takes up a conformation capable of responding with a series of changes well-oriented
to the healing. According to the theory of dynamic attractors, the sick system is “attracted” toward
healthy behaviors, or at least closer to the ideal state of health.
The “strength” is given not by the “physical matter” of the medicine but by the energy of the
body, i.e., by the evoked normal attractor, which is the normal outcome of the system moving down
from a far-from-equilibrium state.
4. Corollaries
This theory has some important corollaries.
4.1 Corollary n. 1. The Totality of Symptoms
The «totality» is not solely related to the present symptoms of the body in the present state of
disease, but also to previous symptoms. The DYNAMIC of disease includes various stages with
change/s in the networks (different sequential patterns) and then of symptoms during the time.
Some symptoms are the expression of normal, useful changes in the network and individual
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sensitivity; other symptoms are the expression of suboptimal responses to stress («true disease»).
Normally, during the dynamic changes in the networks, the previous («old») symptoms are the
expression of healthy responses, i.e., the normal responses of healthy people. Therefore, it is
advisable to select the medicine that produces the whole dynamic of symptoms, including the
symptoms that were present during the previous stages of the disease.
Note: During the course of life, acute diseases possibly develop “over” chronic diseases, or
chronic diseases represent a susceptibility factor for acute episodes. The susceptibility to network
alterations is inside an anomalous attractor that is energetically unfavorable. Moreover, from this
position, it is easier to go farther from the equilibrium by stressors. For this reason, even when the
disease is acute, to facilitate the healing, it is necessary to consider the whole picture of the patient,
including “chronic” or constitutional symptoms.
4.2 Corollary n. 2. The Dynamic of Healing
According to our model, the pattern of networks would change (and the symptoms would
disappear) from the most recent disease back in time to previous ones (a reversion of the disease
process):
• In ACUTE DISEASES, the global intensity of the symptoms decreases during the treatment
• In CHRONIC DISEASES, the global intensity of the symptoms increases in the initial stages
of the treatment. Here, the network needs to overcome the energy barrier due to the
pathologic attractor.
4.3 Corollary n. 3: HOMEO-THERAPY is compatible with CAUSAL therapy
Causal therapy is the elimination of the cause, that is, the hygiene, the healthy living style, and
nutrition, and the use of antimicrobials when really needed and effective. Of course, antibiotics have
their own problems that are (or should be) well known by conventional medicine. However, these
problems (adverse effects and resistance) do not establish a theoretical incompatibility with the
homeopathic approach. The homeopathic approach is much more contrasting with a therapy
performed with the sole aim to suppress the symptoms.
5. Synthesis
In conclusion, the theory of the homeopathic “simile” can be formulated with the language and
concepts of modern science as in the following seven points.
1. When a healthy organism is perturbed by a physical, chemical, or biological stressor, it
produces characteristic signs and symptoms; when caused by a drug, this is regarded as an “artificial
disease” that expresses the specific targets of the medicine in the body.
2. The method of drug provings that describes the characteristic patterns of signs and
symptoms caused in healthy subjects by several minerals, vegetables, and animal compounds has
been scientifically validated.
3. Natural diseases, either acute or chronic, have many different causes but are essentially due
to a suboptimal response of the regulating networks (excess, deficit, disorder) to stress.
4. A substance capable of evoking certain symptoms in healthy subjects may evoke a change
in the homeodynamic networks (that are already far from equilibrium) when administered to
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subjects showing similar symptoms (due to natural diseases). This shifts the perturbed system
toward a dynamic attractor that is more proximal to the healthy state.
5. Medicines should be used at the minimum working dose for two reasons: a) to attenuate
the pathogenic power if the substance is toxic, b) to interact only with specifically modified and
sensitized targets or receptors. This concept has been validated in numerous laboratory
experimental models.
6. Serial dilutions followed by succussion (“dynamization”) may allow the permanence of
pharmacological power in the medicine matter even at higher dilutions (e.g., beyond 20X or 10C).
The cellular gene expression is particularly sensitive to this kind of pharmacologic treatment.
7. Even if the traditional theory of “miasms” needs updating, the principle of Similars has been
proved in a number of experiments and is justified by the dynamic systems theories. Thus,
homeopathy is one of the frontiers of medical science.
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Abstract
Photobiomodulation (PBM), as well as plant extracts of Calendula officinalis (Calen),
Hypericum perforatum (Hyper), and Echinacea purpurea (Echi-p), have been used to
accelerate wound healing. However, the use of homeopathic preparations of these medicinal
plants, in combination with PBM, is unknown. The objective of this study was to investigate
the combined wound healing potential of these therapies in vitro. Various cell models were
created in vitro in commercially available human skin fibroblasts (WS1). PBM was
administered using a diode laser at a wavelength of 660 nm and an energy density of 5 J/cm 2.
For homeopathic treatment, a 5% ethanolic complex containing Calen, Hyper, and Echi-p in
3cH potency was added to the culture medium. For combination therapy, cells were first
treated with the homeopathic remedy and then irradiated. The controls included nontreated/irradiated cells and an alcohol control group. Cellular morphology was visualized 0,
24, and 48 h post-treatment. Post-treatment, cells were incubated for 48 h, and the levels of
pro-inflammatory cytokines, interleukin-6 (IL-6), and tumor necrosis factor-alpha (TNF-α)
© 2021 by the author. This is an open access article distributed under the
conditions of the Creative Commons by Attribution License, which permits
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were determined by ELISA, cellular viability was determined by the Trypan Blue exclusion
assay and adenosine triphosphate (ATP) was determined by the luminescence assay, and
cytotoxicity was determined by the lactate dehydrogenase (LDH) membrane integrity assay.
Morphological changes showed that, individually, PBM and the homeopathic complex
hastened cellular migration in diabetic wounded cells, and combining these therapies had an
even greater effect. Cellular viability remained unchanged in both treatments, but the
combination therapy increased ATP (p = 0.05). Cytotoxicity was decreased by the
homeopathic complex (p = 0.01) and the combination therapy (p = 0.004). TNF-α levels
remained unchanged with PBM and the homeopathic complex as independent treatment
interventions but combining them increased the TNF-α levels in diabetic models (p = 0.01).
PBM decreased IL-6 levels, indicating an anti-inflammatory effect (p = 0.007). These cellular
changes indicated that combining PBM and a 3cH homeopathic solution of Calen, Hyper, and
Echi-p is promising for treating diabetic foot ulcers.
Keywords
Photobiomodulation; wound healing; homeopathy; calendula; echinacea, hypericum; diabetic
foot ulcers

1. Introduction
Wound healing is a well-regulated process that usually occurs promptly and follows a sequence
of predictable events [1]. Various types of cells are recruited at the wound site by a succession of
cytokine and signaling molecules [2]. Skin fibroblasts are varied cells that occur in the dermis [3] and
play an important role in wound healing, including breaking down the fibrin clot and creating a new
extracellular matrix (ECM) [4]. The wound healing process is disrupted in chronic wounds, which
take more than three months to heal and display abnormal features, such as persistent
inflammation [5]. Tumor necrosis factor-alpha (TNF-α) and interleukin-6 (IL-6) are pro-inflammatory
cytokines produced by fibroblasts [6] and are produced at higher levels during the inflammatory
phase of the wound healing process [2]. An example of a chronic wound is diabetic foot ulcer (DFU).
DFUs typically occur on the lower extremities of people suffering from diabetes mellitus (DM) [7].
They are highly prevalent, challenging to treat, and have a high recurrence rate [8]. DFUs are
problematic as they increase the risk of lower-limb amputations and are a burden on health systems,
of the patients and the caregivers [9]. The lifetime prevalence of DFUs is estimated to be as high as
25% among diabetics [10]. Various aetiological factors are implicated in DFUs, including peripheral
neuropathy, increased vascular damage, and decreased repair, secondary to the metabolic
abnormalities present in DM [11, 12]. Due to the difficulties in healing DFUs, novel treatment
strategies are much needed, and photobiomodulation (PBM) is an attractive option.
PBM is an emerging therapy in the field of wound healing [13]. It refers to the use of low-powered
light sources (typically in the visible red and near-infrared spectrum) to modify biological activity
while avoiding tissue damage [14]. Its mechanism of action likely involves activation of the enzyme
cytochrome c oxidase, thereby increasing ATP production and/or activation of light-sensitive ion
channels [15]. PBM is a non-invasive and non-thermal therapeutic intervention that has been
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proven to be effective for wound healing in both pre-clinical and clinical studies [16, 17].
Homeopathy is another potentially valuable treatment for DFUs.
Homeopathy is a complementary medical system founded in Germany in the late 18th century by
Samuel Hahnemann and is based on the law of similars, i.e., on the principle that a substance, which
produces certain symptoms in a healthy person, can cure those same symptoms in a diseased
person [18, 19]. Plant extracts of Calendula officinalis L., Hypericum perforatum L., and Echinacea
purpurea L. Moench have been shown to enhance wound healing capabilities [20-22]; however,
research regarding homeopathic preparations of these remedies is limited [23-26]. Homeopathic
medicines are different from herbal preparations in that they are used in different dilutions, known
as potencies (see Figure 1). Dilutions are prepared from source materials, which are generally of
plant, mineral, or animal origin [27]. Then, the material is processed by potentization, which involves
trituration in lactose and/or serial dilution and succussion (vigorous shaking either by hand or
mechanically) of the original substance [27]. For centesimal potencies, the substance is diluted in
the solvent (usually a water/ethanol mixture) in a ratio of 1:100 and succussed to create the 1cH
potency. The 2cH potency is created by similarly potentizing the solution with 1cH potency. This
process is repeated until the required potency is achieved. Centesimal potencies are denoted with
the letter ‘c’, while the ‘H’ indicates that the Hahnemannian method was used [18].

Figure 1 Shown is the schematic representation of the potentization process of
homeopathic remedies using the centesimal (C) scale for illustration.
The 3cH potency was chosen for this study as it is considered a ‘low’ potency, meaning that it
contains molecules of raw plant matter, unlike potencies above 12cH. Furthermore, low potencies
are typically used in ‘clinical homeopathy’, which is a homeopathic treatment approach where
remedies are prescribed according to the presenting clinical condition, rather than being
individualized to the patients’ mental, emotional, and physical symptoms, thus making it ideal for
targeted healing of DFUs.
The objective of this study was to assess the effects of PBM combined with an ethanolic
homeopathic complex containing Calen, Hyper, and Echi-p in a 3cH potency, in an in vitro diabetic
wounded cell model.
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2. Materials and Methods
2.1 Cell Culture and Models
Materials were supplied by Sigma-Aldrich (Gauteng, South Africa) unless stated otherwise.
Commercially available human skin fibroblasts (WS1, ATCC CRL-1502) were cultured in 75 or
175 cm2 culture flasks (431464U and 431466, Corning®, The Scientific Group, Gauteng, South Africa)
in Minimum Essential Medium (MEM, M2279), supplemented with 10% fetal bovine serum (FBS,
10499–044, Gibco®, ThermoFisher Scientific, Gauteng, South Africa), 1 mM sodium pyruvate
(S8636), 2 mM L-glutamine (G7513), 0.1 mM non-essential amino acids (NEAA, M7145), 1%
Penicillin-Streptomycin (100 units Penicillin and 0.1 mg/mL Streptomycin, P4333), and 1%
Amphotericin-B (2.5 µg/mL, A2942). Cells with passage numbers between 11 and 16 were used in
the experiments. For the experiments, cells were seeded at a concentration of 6 X 105 into 3.4 cm
diameter tissue culture plates and allowed to attach overnight.
The models used were normal (N), normal wounded (NW), and diabetic wounded (DW).
Wounded models were created by performing the scratch assay, which involves creating a central
cell-free area by scraping with a 1 ml sterile pipette [28]. This in vitro method for wound healing is
well-established in the field as a method to study cell migration and has several advantages, such
as being easy and relatively cost-effective to perform [29]. Cells were allowed to acclimatize for 30
min before any further treatment protocols were performed. Non-wounded (i.e., normal) cells were
used as controls. A diabetic cell model was created by continually growing cells in a complete
medium supplemented with 17 mM/L D-glucose [30]. These models have been extensively used and
are well-established at our research centre center [31-33].
2.2 Treatment Protocols
Treatment consisted of either PBM, homeopathic treatment, or both. PBM groups were
irradiated in the dark from above with visible red light at a wavelength of 660 nm with an energy
density of 5 J/cm2 (11 mW/cm2, 9.1 cm2 spot size, 454 sec) as previously described [33], but with 2
ml culture medium added to the plates. Energy densities of 3–5 J/cm2 were reported in a review to
yield optimal results for healing diabetic wounds [34]. Additionally, our research group had
optimized a protocol, where 660 nm wavelength of light was used and showed favorable outcomes
[33]. The homeopathic treatment involved adding the homeopathic solution (30 µL) to plates
containing 2 ml complete medium.
A reputable and registered homeopathic manufacturing company (Fusion Homeopathics CC,
Randburg, South Africa) obtained the mother tinctures of the three plants from Gehrlicher
Pharmaceutical Extracts GmbH (certificates of the analysis are available on request). Fusion
Homeopathics potentized the tinctures separately to a 3cH homeopathic potency according to
standardized homeopathic manufacturing procedures and then combined them into a complex. An
alcohol control group was included, where 5% ethanol (EtOH), prepared with distilled water, was
added to the culture medium in normal wounded cells (final concentration of 0.074% EtOH). This
group was included to ensure that the vehicle of the complex did not cause undue cellular stress. In
models receiving both homeopathic and laser (PBM) treatment, the homeopathic treatment was
added first and then irradiated as described above.
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A preliminary experiment was performed to determine which solvent to use for a homeopathic
complex. A 3cH homeopathic complex containing equal parts of Calen, Hyper, and Echi-p was
prepared in distilled water (dH2O) and in different concentrations of ethanol (2.5%, 5%, and 10%
EtOH) according to the German Homoeopathic Pharmacopoeia (GHP) [35] following the method
GHP 3A for all three remedies. All three components were prepared separately up to the 2 cH level
by a homeopathic manufacturer (Fusion Homeopathics CC, Randburg, South Africa), and the last
potentization step was performed with the three components combined at equal quantities. These
solutions were tested on normal wounded cells. Determination of the cellular morphology, viability
(Trypan Blue exclusion assay and ATP experiments), and cytotoxicity (LDH) were performed as
described below. Based on the results, 5% ethanol was as the solvent to be used in the homeopathic
treatment protocols.
2.3 Cellular Morphology
An inverted light microscope (CKX41, Olympus, Wirsam Scientific, Gauteng, South Africa)
connected to a digital camera (SC30, Olympus) was used to capture images of the cell monolayer at
0 h (directly after treatment, if any), 24 h, and 48 h after treatment to observe morphological
changes. The AnalySIS getIT software (Olympus Soft Imaging Solutions GmbH, Münster, Germany)
was used, and the images were captured using the 4X objective.
2.4 Trypan Blue Exclusion Assay
In this assay, non-viable cells stain blue as their damaged membranes cannot prevent the blue
dye from freely entering the cell; viable cells remain colorless. Cells were detached by adding 500
µl of pre-warmed TrypLE™ Select (12563–029, Gibco®, ThermoFisher Scientific, Gauteng, South
Africa) to the culture plates and incubated for 5 min. Cells were resuspended in 1 ml of serum-free
medium, and 10 µl of 0.4% Trypan blue (T6146) was added to 10 µl of the cells. The mixture was
gently mixed by pipetting, and then, 10 µl of cells were added to each chamber of a re-usable cell
counter slide. The Invitrogen Countess® II FL (ThermoFisher Scientific, Gauteng, South Africa) was
used to count cells and determine the percentage of live cells; an average of two readings was used
for the analysis.
2.5 Lactate Dehydrogenase (LDH) Membrane Integrity Assay
The CytoTox 96® Non-Radioactive Cytotoxicity Assay (G1782, Promega, Anatech, Gauteng,
South Africa) was used to quantify LDH. The amount of LDH released reflects the degree of
membrane damage, which indicates the level of cellular toxicity. The reconstituted substrate mix
(50 µl) was added to each well of a clear 96-well plate. Complete cell culture medium (50 µl),
which had not been used to culture cells, was added to two wells with the substrate mix to serve
as a background control. The culture medium (50 µl) from the experimental plates was added to
the rest of the wells containing the substrate mix and gently mixed. The plate was covered with a
foil and incubated in the dark at room temperature for 30 min. Stop Solution (50 µl) was added to
each well, and absorbance was detected by using a multiplate reader (Victor 3, 1420 Multilabel
counter, Perkin-Elmer, Gauteng, South Africa) at 490 nm. The average background reading of the
control was subtracted from all the values recorded in the treatment groups.
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2.6 Adenosine Triphosphate (ATP) Luminescence Assay
The CellTiter-Glo® 3D Cell Viability Assay (G9682, Promega, Anatech, Gauteng, South Africa) was
used to determine metabolically active or viable cells. The intensity of the luminescent signal
produced is proportional to the amount of ATP present, which in turn is directly proportional to the
number of viable cells present in the culture. Cells were detached as described above. Complete
culture medium (50 µl), which had not been used to culture cells in, was added to two wells of an
opaque-walled 96-well plate to serve as a background control. Then 50 µl of the cell suspension
was added to the designated wells, and 50 µl of the reagent was added to all the wells. The plate
was covered with foil and placed on an orbital shaker (Polymax 1040, Heidolph Instruments,
Schwabach, Germany) for 10 min. Luminescence (in Relative Light Units or RLU) was measured
using a multiplate reader (Victor 3, 1420 Multilabel counter, Perkin-Elmer, Gauteng, South Africa).
The average background reading of the control was subtracted from all the values recorded in the
treatment groups.
2.7 Interleukin-6 (IL-6) and Tumor Necrosis Factor-Alpha (TNF-α) ELISA
The enzyme-linked immunosorbent assay (ELISA) is a plate-based assay, which can quantify
levels of target molecules such as proteins in samples by binding to specific antibodies.
Commercially available pre-coated kits were used to quantify pro-inflammatory cytokines IL-6 (EEL-H0102, Elabscience®, Biocom Africa, Gauteng, South Africa) and TNF-α (E-EL-H0109,
Elabscience®, Biocom Africa, Gauteng, South Africa) released from the cells in culture media. The
methodology followed for both the assays was identical and was as per the manufacturer’s
instructions. Culture media samples obtained previously were prepared by thawing and
centrifuging for 20 min at 1,000 g, and the supernatant was decanted and used for the ELISA. The
manufacturer’s instructions were used to determine the protein concentration by comparing
optical density values to a known protein concentration obtained from the eight-point serial
standard curves.
2.8 Statistical Analysis
Data points are represented as means ±standard deviations. Experiments were repeated three
times (n = 3). The student’s t-test was used to determine differences within groups, and one-way
ANOVA with the Tukey post hoc test was used to detect differences between group means using
SPSS 25.0 and Microsoft Excel. The differences between or among groups were considered to be
statistically significant for p-values < 0.05.
This was an in vitro study conducted on a commercially available cell line (ATCC). This research
project was approved by the Research Ethics Committee of the Faculty of Health Sciences of the
University of Johannesburg (Ethics number REC-01–19–2019).
3. Results
3.1 Preliminary Experiment
In the preliminary experiment, cellular responses (morphology, cellular viability, and cytotoxicity)
were determined for the 3cH homeopathic complex prepared in three different ethanol
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concentrations (2.5%, 5%, and 10%) and compared to a distilled water control (dH2O) in a normal
wounded cell model.
Morphological changes were examined at 0, 24, and 48 h. The central scratch, or ‘wound’, was
visible as a cell-free area in the center of the tissue culture dish with cells on either side. Cells could
be seen migrating and moving toward the central scratch over the 48 h incubation period (Figure 2).
Cells treated with 5% EtOH solution had more cells present in the central scratch compared to those
treated with 2.5% and 10% EtOH and the dH2O control, indicating increased migration. Cellular
viability was determined by Trypan blue staining and ATP luminescence 48 h after adding the
homeopathic complex. No statistically significant differences were detected in percentage cell
viability and ATP luminescence between the controls (dH2O) and the 2.5%, 5%, and 10% EtOH
solutions (Table 1). Cytotoxicity was determined by measuring the LDH levels in culture media,
which indicated damage to the cell membrane. There was a significant increase in the LDH released
in all three EtOH groups (2.5%, 5%, and 10%, respectively) compared to that released in the control
(dH2O) group (Table 1).

Figure 2 Shown is the morphology of normal wounded cells treated with the
homeopathic complex prepared in different ethanol (EtOH) concentrations. Cells can be
seen migrating towards the central scratch (wound), with faster migration for treatment
with the homeopathic complex in 5% EtOH. Scale bars = 200 µm.
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Table 1 Cell viability (percentage viability and ATP luminescence) and cytotoxicity (LDH
membrane integrity) of the cells post-treatment at 48 h. The models assessed were for
normal wounded cells to which the homeopathic complex, prepared in distilled water
(dH2O), 2.5% ethanol (2.5% EtOH), 5% ethanol (5% EtOH), and 10% ethanol (10% EtOH),
was added. Results are shown as the mean ±SD, and the statistical significance is for the
comparisons between the EtOH treatments and distilled water; *p < 0.05 and **p < 0.01;
RLU = Relative light units.

Solvent

Trypan blue
(% viability)

ATP luminescence
(RLU)

LDH membrane integrity
(A490 nm)

dH2O

77 ±7

1404130 ±59958

0.195 ±0.025

2.5% EtOH

77 ±4

1376846 ±176158

0.510 ±0.073*

5% EtOH

74 ±5

1245430 ±88949

1.141 ±0.151**

10% EtOH

77 ±7

1214010 ±95667

0.573 ±0.043**

Based on the above results and the observed increase in cellular migration, EtOH concentration
of 5% was selected as the solvent for the homeopathic complex for further studies, despite
increased levels of cytotoxicity (which was observed at all three concentrations). This was similar to
the results of the study by Bresler et al. [26], who had found that an alcohol concentration of 5%
was preferred as it produced the greatest degree of cell migration with minimal cell death at 48 h.
3.2 Cellular Morphology
Cellular responses to the various treatment conditions were determined qualitatively by
comparing morphology at 0, 24, and 48 h. In diabetic and normal models, cells maintained their
characteristic spindle shape, with minimal detachment from the culture dish or rounding of cells
that indicates cellular stress or death. Normal cells, which were not wounded (Figure 3), did not
show any morphological differences following laser irradiation, homeopathic treatment, or
combination treatment, and the monolayer remained intact.
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Figure 3 Shown is the morphology of normal cell models. Treatment with laser
irradiation and/or homeopathic complex did not change the morphology of WS1 human
skin fibroblast cells. Cultures remained confluent over the 48 h period. Scale bars = 200
µm.
In the normal wounded models (Figure 4), laser irradiation-induced a dramatic increase in cellular
migration compared to the migration in the controls. Some degree of cellular debris was visible in
all models; however, the monolayer was still intact, and the cultures were confluent. Homeopathic
treatment also increased wound closure, but to a lesser degree than laser irradiation. Combining
laser irradiation and homeopathic treatment improved migration to a greater extent than migration
in either condition in isolation. In the diabetic wounded models (Figure 5), there was an overall
reduction in the migration of cells compared to the migration of cells in the normal wounded models.
As in the normal wounded models, laser irradiation and homeopathic treatment improved cellular
migration in the models compared to cellular migration in control; moreover, there was a mild
synergistic effect in combination therapy.
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Figure 4 Shown is the morphology of normal wounded cell models. Laser irradiation,
homeopathic treatment, and a combination of the two accelerated cellular migration
into the central scratch, with almost complete closure at 48 h in cells treated with both
laser irradiation and homeopathic complex. Scale bars = 200 µm.

Figure 5 Shown is the morphology of diabetic wounded cell models. Laser irradiation,
homeopathic treatment, and a combination of the two increased cellular migration into
the central scratch over the 48 h period. Scale bars = 200 µm.
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3.3 Cellular Viability
Cellular viability was assessed by the Trypan blue exclusion assay and the ATP luminescence assay
48 h post-treatment (Table 2). Results for the Trypan blue exclusion assay revealed lower viability
in laser irradiated normal cells compared to non-irradiated normal controls. Combining laser
irradiation and homeopathic complex decreased viability of the normal wounded and diabetic
wounded cells.
Table 2 Cell viability (percentage viability and ATP luminescence) and cytotoxicity (LDH
membrane integrity) of cells post-treatment (homeopathic treatment and/or laser
irradiation at 660 nm with 5 J/cm2) after 48 h. The models assessed included: normal
(N), normal irradiated (NL), normal cells treated with homeopathic complex (NH),
normal cells treated with homeopathic complex and irradiated (NHL), normal wounded
(NW), normal wounded irradiated (NWL), normal wounded cells treated with
homeopathic complex (NWH), normal wounded cells treated with homeopathic
complex and irradiated (NWHL), diabetic wounded (DW), diabetic wounded irradiated
(DWL), diabetic wounded cells treated with homeopathic complex (DWH), and diabetic
wounded cells treated with homeopathic complex and irradiated (DWHL). An alcohol
control model was included, which consisted of normal wounded cells to which 5% EtOH
was added (NW 5% EtOH). Results are shown as mean ±SD, and the statistical
significance, compared to untreated control cells (non-irradiated and no homeopathic
complex; N, NW, and DW, respectively) within each model, is denoted by *p < 0.05, **p
< 0.01, and ***p < 0.001; RLU = relative light units.
Model

Trypan blue
(% viability)
NW 5% EtOH 76 ±5
N
78 ±4
NL
72 ±4*
NH
78 ±1
NHL
81 ±3
NW
79 ±2
NWL
76 ±3
NWH
74 ±5
NWHL
73 ±3**
DW
75 ±4
DWL
80 ±4
DWH
75 ±6
DWHL
66 ±4*

ATP luminescence

LDH membrane integrity
(A490 nm)
247123 ±34160**
1.209 ±0.027***
383670 ±25847
0.420 ±0.011
1328944 ±183651* 0.385 ±0,026
498918 ±40464*
0.597 ±0.061*
212911 ±29262*
0.231 ±0.015**
402066 ±61983
0.542 ±0.026
345657 ±97757
0.464 ±0.054
1245430 ±88949*** 1.141 ±0.151**
292068 ±25556*
0.211 ±0.063**
429298 ±31315
0.561 ±0.006
308337 ±136652
0.809 ±0.060*
441837 ±64395
0.227 ±0.051**
515377 ±40414*
0.300 ±0.039**

ATP levels were lower in normal wounded cells treated with 5% EtOH compared to the levels in
the control cells, suggesting that the solvent of the complex caused some degree of toxicity and
negatively affected ATP production. In normal models, laser irradiation and homeopathic treatment
independently increased ATP levels compared to the ATP levels in controls, but the combination
treatment decreased ATP levels. In normal wounded models, homeopathic treatment increased ATP
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levels, and the combination treatment decreased ATP levels. In the diabetic wounded models, the
combination treatment caused ATP levels to increase – the opposite of the effect observed in
normal wounded models. No differences were detected in cellular viability between the normal
wounded and diabetic wounded cells, based on ANOVA.
3.4 Cytotoxicity
Homeopathic treatment increased cytotoxicity in the normal models (Table 2), while a
combination of homeopathic treatment and laser irradiation decreased cytotoxicity, and laser
irradiation did not produce any significant changes. In the normal wounded models, there was a
similar effect, where the homeopathic treatment increased cytotoxicity and a combination of
irradiation and homeopathy decreased it; no significant effect was found with laser irradiation
alone. In the diabetic wounded models, the opposite pattern was observed, where laser irradiation
increased cytotoxicity, the homeopathic treatment decreased it, and a combination treatment
decreased cytotoxicity. No differences were detected in cytotoxicity between the normal wounded
and diabetic wounded cells, based on ANOVA.
3.5 Interleukin-6 and Tumor Necrosis Factor-Alpha
The results of the ELISA for IL-6 are shown in Figure 6. In normal models, homeopathic treatment
and homeopathic treatment combined with laser irradiation increased IL-6 levels. In normal
wounded models, laser irradiation significantly decreased IL-6 levels, while the homeopathic
treatment alone increased IL-6. The combination treatment of normal wounded cells decreased IL6 levels. Laser irradiation of diabetic wounded models significantly decreased IL-6 levels; however,
homeopathy combined with laser irradiation increased IL-6 levels, the opposite of the effect seen
under these treatment conditions in the normal and normal wounded cells.

Figure 6 Shown are the IL-6 cytokine levels determined from the culture medium.
Statistically significant differences are denoted by *p < 0.05, **p < 0.01, and ***p <
0.001, compared to non-irradiated control cells. Bar plots show mean ±SD
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Homeopathic treatment increased inflammation, as determined by IL-6 levels, except in the
diabetic wounded cells. No differences were detected in IL-6 levels between normal wounded and
diabetic wounded cells, based on ANOVA.
TNF-α levels remained unchanged for many of the treatment conditions, compared to the levels
in the control cells (Figure 7). Homeopathic treatment of normal cells in isolation and combined
with laser irradiation decreased TNF-α levels. In the normal wounded models, the homeopathic
treatment decreased TNF-α levels as well. In the diabetic wounded models, the homeopathic
treatment, combined with laser irradiation, significantly increased TNF-α levels. The levels were
decreased by the application of 5% ethanol, the opposite of the effect seen in IL-6. No differences
were detected in TNF-α levels between normal wounded and diabetic wounded cells, based on
ANOVA.

Figure 7 Shown are the TNF-α cytokine levels determined from the culture medium.
Statistically significant differences are denoted by *p < 0.05 and **p < 0.01, compared
to the TNF-α levels in non-irradiated control cells. Bar plots show mean ±SD.
4. Discussion
The decreased migration of diabetic cells compared to the migration of the normal wounded
models was expected since diabetic cells showed decreased cellular migration, which contributed
to lesser healing of chronic wounds [5]. Other studies had also found an increase in cellular
migration following irradiation [26, 33, 36]. It was shown that laser irradiation at 660 nm and 5 J/cm2
activated the epidermal growth factor/epidermal growth factor receptor (EGF/EGFR) loop leading
to the activation of the JAK/STAT signaling pathway, which in turn promoted cellular migration and
proliferation [33]. To our knowledge, the specific combination of homeopathic remedies had not
been tested in the context of wound healing; however, studies on herbal extracts of Calen [37], or
those that used a homeopathic complex containing Calen and Hyper [25], also showed increased
cellular migration.
Other studies had also found that PBM could increase ATP levels in fibroblasts when irradiated
with 660 nm, as was found in this study [33, 38]; this effect was also found for lymphocytes
irradiated with lasers between 632.8 and 830 nm [39]. We found different responses of ATP levels
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to irradiation in different models; however, the effect seen in the diabetic wounded model with
combination treatment was encouraging. Homeopathic treatment increased cellular viability in
normal and normal wounded models; it was also found by Bresler et al. [26] using Calen 3cH. The
Trypan blue exclusion assay and ATP luminescence assay both measure cellular viability, but the
principle of the two assays is different. The Trypan blue exclusion assay relies on the integrity of the
cellular membrane, while the ATP luminescence assay measures ATP based on mitochondrial
activity.
Bresler et al. [26] found decreased cytotoxicity with 3cH Calen, also made in 5% EtOH, but with
a lesser amount of the complex added to the plates, which could explain the differences in the
results. Other studies found that irradiation at 5 J/cm2 caused no cytotoxicity in WS1 cells (also used
in this study), which supported our findings in the normal and normal wounded cells [40]. Ethanol
control experiments revealed significantly increased LDH levels compared to the levels in the control
normal wounded cells, thus indicating cytotoxicity in the ethanol-treated normal wounded cells.
Alcohol concentrations, as low as 1.5%, were found to be cytotoxic to human hepatoma cells [41].
However, other studies had found signs of damage only at 8% ethanol after 3 h of exposure in an
experiment using 4–12% ethanol in the gastric epithelial cells of rats. The degree of damage was
dependent on the concentration and duration of exposure to ethanol [42]. This indicates that the
cell line is probably an important factor in cellular cytotoxicity studies involving ethanol.
Other studies had found that extracts of Calen [43], Hyper [44], and Echi-p [45] inhibited IL-6
release. These results indicated that PBM decreased inflammation after 48 h, thus demonstrating
its well-known anti-inflammatory effect [46, 47]. Hyperglycemic obese mice had smaller areas of
inflammatory infiltrates after PBM treatment [47]. A review by Hamblin [46] summarized how IL-6
and other pro-inflammatory markers are reduced in various disease states. Direct comparison is
difficult due to the specific combination of these three substances used in this study, and the fact
that it was prepared as a 3cH homeopathic solution, and thus, was more diluted than herbal extracts.
Additionally, the increase in IL-6 could be ascribed to effects of the 5% ethanol solvent, as the 5%
alcohol control had significantly higher IL-6 levels compared to the levels in the control normal
wounded cells. The paradoxical effect of the combination treatment in diabetic wounded cells
compared to the treatment in the normal and normal wounded combination group was interesting
and could be ascribed to the diabetic cells being grown under hyperglycaemic conditions. When
diabetic wounded control cells were compared to normal wounded control cells, the level of IL-6
was found to be higher, and this effect was ameliorated with laser irradiation but not with
homeopathic intervention alone.
Other studies had found that the extracts of Calen and Hyper inhibited the TNF-α response [43,
48], while Echi-p effectively inhibited TNF-α in the early phase but prolonged it in the later phases
of inflammation [49]. The time-dependent nature of cytokine responses should be considered while
interpreting the results. The 48 h time point used in this study might have been too late to detect
meaningful TNF-α changes as they are typically affected much earlier than IL-6 levels, and early
changes might have been missed. IL-6 and TNF-α levels are usually detectable immediately after
injury, with IL-6 levels peaking within 30 h [50, 51], and TNF-α levels reaching their maximum within
4 h after injury [52, 53]. Some studies [54] have found that laser irradiation in the visible red range
(at 636 nm, with 5 J/cm2) in similar fibroblast cell models (normal wounded and diabetic wounded)
does not show any significant changes in TNF-α 24 h post-irradiation; however, they did find a
decrease in normal wounded cells 1 h post-irradiation.
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The positive effect on cellular migration and ATP levels observed in the combination therapy
group might be explained by various cellular mechanisms, although it is not yet clearly determined.
Light absorption by chromophores in response to PBM triggers various responses, including
activation of calcium-gated ion channels and downstream effects such as protein transcription [46].
The mechanism of action of homeopathic treatment is unclear, but studies using electron
microscopes, electron diffraction, and DNA microarray investigations have confirmed the presence
of nanoparticles in homeopathic medicines, which might act in unique ways that are not yet
understood [55].
Future studies on the combination of PBM and homeopathic remedies should be performed for
a longer duration, with effects recorded at various time intervals, to determine if this combination
therapy affects pro-inflammatory cytokines IL-6 and TNF-α. Care should be taken in future studies
that the control solvent is succussed or vigorously shaken to the same extent as the remedies. This
is because the physical composition of liquids changes by succussion due to the formation of
nanobubbles and changes to the air-liquid interface [56], as well as the presence of silica and other
nanoparticles from glassware [57]. Succussion alone can change the expression of some
inflammatory parameters [58], which strongly suggests the inclusion of a succussed control. A
limitation of this study was using ethanol as a solvent, as it independently affected cells. To address
this issue, sterile water could be used as a solvent in the final dilution step of manufacturing
homeopathic remedies to provide clearer results in future experiments. Additionally, an alcohol
control consisting of succussed hydro-ethanol of the same concentration as the vehicle could be
included as a control since it acts as a remedy and needs to be included to ascertain the actual
effects of the homeopathic preparation in vitro.
5. Conclusions
In this study, the wound healing potential of PBM at 660 nm with a fluence of 5 J/cm 2 and a
homeopathic preparation containing 3cH Calen, Hyper, and Echi-p was evaluated as independent
therapies as well as a novel combination treatment protocol for DFU. PBM increased cellular
migration to the wounded area and decreased cytotoxicity and the levels of the pro-inflammatory
cytokine IL-6 in diabetic wounded cells. A homeopathic preparation containing 3cH Calen, Hyper,
and Echi-p also improved cellular migration and decreased cytotoxicity in diabetic wounded cells. A
combination therapy involving homeopathic treatment, followed by laser irradiation at 660 nm,
increased cellular migration. Additionally, a synergistic effect was found in the combination therapy
compared to the effects of either therapy in isolation. Furthermore, the combination therapy
decreased cytotoxicity and increased cellular viability.
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Abstract
The coronavirus (COVID-19) pandemic continues to bring challenges in identification and
management of which the “happy hypoxic” or silent hypoxia presentation has been found to
present its own unique challenge. A 67-year-old African American COVID-19 positive female
presents to the emergency department (ED) with a chief complaint of decreased oral intake
and responsiveness, oriented and stable, with oxygen saturations found to drop as low as 47%.
The patient was successfully managed with supplemental oxygen and determined to be a
“happy hypoxic” with recent polysubstance abuse. Silent hypoxia or the “happy hypoxic”
patient is another unique phenomenon associated with the variable presentations of COVID19. Multiple etiologies and pathophysiologic explanations exist to explain this stable patient
whom would otherwise be expected to require aggressive management with a poor prognosis.
An alternative diagnosis should be explored for those silent hypoxic patients with symptoms.
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1. Introduction
The coronavirus (COVID-19) pandemic continues to strain medical resources, facilities, and
national infrastructure throughout the world. As of July 20, 2021 the World Health Organization
(WHO) reported over 190 million cases with over 4 million deaths worldwide [1]. One unique
challenge identified with this novel outbreak is the stable hypoxic patient also referred to as “happy
hypoxia.” Current studies have shown that hypoxemia in positive COVID-19 patients is
independently associated with in-hospital mortality. These studies show that 14% of associated
pneumonia cases are severe, and 5% require intensive care with approximately two-thirds mortality
rate [2].
A surprising finding in some patients with COVID-19 is the “happy hypoxic” phenomenon. Severe
COVID-19 cases tend to struggle with breathing, present with dyspnea and chest complaints, and
have associated saturation levels on pulse oximetry that are fairly consistent with their clinical
presentation. The “happy hypoxic” patient presenting with potentially fatal low saturations levels
with no or minimal symptoms is a diagnostic and management challenge [3, 4].
2. Case Report
A 67-year-old African-American female with a significant past medical history a history of heart
failure with preserved ejection fraction, type 2 diabetes, hypertension, and obstructive sleep apnea
(OSA) arrived via emergency medical services (EMS) for a chief complaint of decreased oral intake.
Per the patient’s family she is normally independent, active, and oriented, and has no history
explaining this change. The patient reported a recent positive COVID-19 test days prior and
decreased oral intake. This COVID test was obtained by the patient due to a recent positive exposure
(husband) with associated mild respiratory symptoms, including cough. The family stated that prior
to calling EMS she was feeling cold and weak and attributed these symptoms to a decrease in oral
intake, especially fluids. On a review of systems (ROS) assessment the patient denied fever,
headache, chest pain, difficulty breathing, sore throat, abdominal pain, nausea or vomiting, or
diarrhea. She did endorse an occasional cough.
In the emergency department (ED) the patient’s triage vital signs were: temperature 99o F
(37.2oC), heart rate 91, respiratory rate 14, and room air saturation of 47%. An immediate accucheck
was recorded as 118 milligrams per deciliter (mg/dL) (reference range: 70-105 mg/dL). The physical
exam noted a female in no distress found to be alert and oriented x3. Her HEENT, heart, lung,
abdominal, skin, and extremity exam did not note any significant abnormalities. A thorough
neurological exam found a cooperative patient with a Glasgow Coma Score (GCS) of 15; alert and
oriented; with no associated speech, sensory, or motor deficits appreciated. After the patient was
placed on a monitor and an oxygen saturation was observed at 47% with the nurse recording an
“excellent pleth”. She immediately improved to 100% on 10L nonrebreather (NRB). The patient
showed no signs of distress, increase respiratory rate, or change in mental status associated with
this low saturation recording.
The patient was kept on the NRB 10L with saturations remaining at 97%-100%. An attempt was
made to wean her from oxygen as a monitor or other recording error was considered. After
approximately 5 minutes on room air the patient’s saturation levels declined to the 70s during which
an arterial blood gas (ABG) was obtained that correlated with the monitor. The ABG finding results
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confirming this monitor reading were pH 7.38 (reference range: 7.35-7.45), PaO2 42 mmHg
(reference range: 75-100 mmHg), PaCO2 48 mmHg (reference range: 35-46 mmHg), HCO3 38 meq/L
(reference range: 22-26 meq/L), SaO2 76% (reference range 95-100%). No symptoms or mental
status changes were identified during this observed desaturation. The patient was put back on the
NRB and remained at 97%-100%. Multiple labs were ordered and a chest x-ray (CXR) and ECG were
obtained. Notable abnormalities included a creatinine level of 1.45 milligrams per deciliter (mg/dL)
(reference range: 0.5-1.0 mg/dL), BUN of 36 milligrams per deciliter (mg/dL) (reference range: 7-17
mg/dL), CO2 of 39 millimoles per liter (mmol/L) (reference range: 22-30 mmol/L), AST 51 units per
liter (U/L) (reference range 14-36 U/L), LDH 873 units per liter (U/L) (reference range: 313-618 U/L),
c-reactive protein 155.1 milligrams per liter (mg/L) (reference range: 0-9.9 mg/L), d-dimer 0.66
micrograms per milliliter (UG/mL) (reference range 0.27-0.50 UG/mL), fibrinogen 660 milligrams per
deciliter (mg/dL) (reference range: 225-456 mg/dL) , GGT 337 units per liter (U/L) (reference range:
12-43 U/L), absolute lymphocytes 0.95x103 per microliter (/mcL) (reference range 1.003.50x103/mcL), and a urine drug screen positive for cocaine and opiates. The complete blood count
(CBC) hemoglobin 12.2 g/dL (reference range: 11.5-15.5 g/dL) and hematocrit 37.9% (reference
range 34.0-48.0 %) were normal.
The CXR was read by radiology as: 1) prominence and indistinctness of pulmonary vasculature
and 2) subtle peripheral hazy opacities that can be seen in the setting of Covid pneumonia. The ECG
noted a normal sinus rhythm at 88 beats per minute, with normal intervals, and no acute ST
abnormalities.
In the ED the patient was given a gentle 500 mL normal saline fluid bolus for suspected acute
kidney injury (AKI) and transferred to the intensive care unit (ICU). During her ICU stay, the patient
admitted to a history or polysubstance abuse that included heroin, alcohol, and cocaine with recent
use. She was quickly weaned from the NRB to nasal cannula and transferred to the floor. The patient
was started on Decadron, Lovenox, and remdesivir and removed from oxygen. On hospital day 4,
the patient was discharged without an oxygen requirement and any physical complaints.
3. Discussion
Normal oxygen levels of 95% or higher is to be expected in patients presenting without
respiratory complaints. Current management strategies for respiratory complaints include
providing supplemental oxygen to patients who fall below 94%. Studies have validated that sex, age,
comorbidities, and certain inflammatory biomarkers are associated with an increased mortality
from COVID [2]. Dyspnea as well as pulse oximetry (SpO2) independent of age and sex have been
found to be associated with increased mortality. An SpO2 < 90% is one of the most significant risk
factors for fatal outcomes in COVID-19 patients [2]. Severely hypoxic patients without symptoms of
dyspnea present a different clinical picture. This silent hypoxia has been seen to occur in patients
with atelectasis, intrapulmonary shunt, or right-to-left intracardiac shunt [5].
The typical COVID-19 patient in respiratory distress requiring interventions does not present with
the prominent dyspnea and lung stiffness associated with hypoxia seen in typical acute respiratory
distress syndrome [6]. Gattinoni et al. suspect the etiology of this hypoxia in compliant lungs is due
to a loss of lung perfusion regulation and hypoxic vasoconstriction.
A pulmonary emboli (PE) theory proposes that the “small blood vessels of the lung are being
showered with clots” creating a shunt and should be treated with heparin [3]. If the d-dimer level is
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elevated the heparin dose is increased. Another shunt explanation proposed is a probe-patent
foramen ovale based on autopsies at the Mayo Clinic that found an overall incidence of foramen
ovale of 27.3% in normal hearts [4, 7]. It is theorized that COVID-19 is revealing these patients.
However, hypoxia in this case should not improve with oxygen supplementation.
Additional explanations include a leftward oxyhemoglobin dissociation curve shift due to
increased heme levels with harmful iron levels (Fe3+); intrapulmonary shunting caused by lung
edema, loss of surfactant, or alveolar collapse causing non-aerated lung to be perfused; loss of lung
perfusion regulation caused by pulmonary vasoconstriction triggered by an inflammatory process;
or that impaired diffusion capacity may occur from debris covering the lung basement membrane
[5].
Pneumolysis, alveolar-capillary destruction, leading to hypoxemia, hypercapnia, and pulmonary
shunting may be an additional contributing factor that carries three pathophysiological stages.
These three stages are proposed to be: 1) Silent Hypoxemia, 2) Gasping, and finally 3) Death zone.
This progressive pneumolysis in association with inflammation, overexpressed immunity, and the
high-altitude pulmonary edema (HAPE) type of reaction results in pulmonary shunting leading to
the findings seen in silent hypoxemia [8]. Gustavo Zubieta-Callga et al. argues that COVID-19 hypoxia
is similar to high-altitude illness in pathophysiology and severity and can be potentially managed
using erythropoietin (EPO), acetylsalicylic-acid, anti-inflammatories, oxygen, anitussives, and
antibiotics while avoiding counterproductive ventilation [9].
Tobin et al. propose that the virus may have an idiosyncratic effect on the respiratory control
system via angiotensin-converting enzyme 2 (ACE 2) receptors in the carotid body [10]. Elderly and
diabetics sometimes exhibit a blunting of this reflex and are prone to silent hypoxia. Opioids are also
known to blunt this reflex. This patient is elderly, type 2 diabetic, with recent opioid substance abuse
all of which may impact respiratory control. Angiotensin-converting enzyme 2 (ACE2) sex-related
activity has shown worse outcomes in men versus women but may be due to a higher prevalence
of hypertension and heart failure among men and requires additional study [11].
This complex immunologic and hematologic pathophysiology not only impacts the respiratory
system, but also is readily known to have multisystem organ impacts. These impacts include
coagulation disorders, cardiovascular disorders such as acute cardiac injury, acute liver and kidney
injury, and neurological manifestations such as sensory loss of taste and smell to seizures and
Guillian-Barré syndrome [12]. This patient was noted to have some multisystem laboratory changes
to include the kidney, liver, and coagulation.
This patient’s decreased responsiveness to verbal stimuli presentation was felt to be due to her
polysubstance abuse and decreased oral intake versus hypoxia. The patient did not complain nor
was she observed to exhibit any respiratory or cardiovascular symptoms. Her presentation
appeared to correct consistent with her polysubstances ingested.
This case provides an insight into the recently identified COVID-19 phenomenon of the “happy
hypoxic” or stable hypoxic patient. Studies have shown that this patient based on age, sex,
demographics, past medical history, social history, and room air oxygen saturation level has a high
mortality rate. Stable hypoxic COVID-19 patients are a unique subset of patients requiring a deeper
understanding of presentation and management. This case report illustrates the need to remain
vigilant in the history and physical assessment with a patient presenting with COVID-19 silent
hypoxia and polysubstance abuse.

Page 93/202

OBM Integrative and Complementary Medicine 2021; 6(3), doi:10.21926/obm.icm.2103025

4. Conclusion
Silent hypoxia or “happy hypoxia” is a clinical presentation when a positive COVID-19 patient
exhibits potentially fatally low oxygen saturation levels without symptoms or associated pathology.
While a variety of associated theories may explain this phenomenon, the exact pathophysiology and
cause for these presentations is uncertain. This case is a presentation of a positive COVID-19 patient
presenting with stable silent hypoxia and polysubstance abuse with an unremarkable inpatient
hospital course.
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Abstract
Progress in technologies, notably in vivo and in situ methods, has equipped scientists with the
necessary skills to explore the living human body in increasingly minute detail. This has led to
a better understanding of the dynamic interplay between the various elements that make up
the living human body. To further understand the interplay, this research focuses on the
insights and observations of the founders of osteopathy, who placed great importance on the
role of fascia in the body. Modern anatomical investigation still relies heavily on dissection to
describe the structural organization of living organisms. Therefore, at present, a major
challenge faced by modern anatomists is to move towards a more holistic and integrative
understanding of the unity, continuity, and dynamic interplay between the various elements
that come together to create the living human form.
Keywords
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1. Introduction
A new biological conception of life that emphasizes networks, patterns of organization, and
complexity is slowly emerging, moving beyond a mechanistic, reductionist, and linear way of
thinking. Anatomists are gradually beginning to think in terms of functional anatomy and integrated
systems, as opposed to independent structures. Living systems appear to be composed of networks
at all levels - networks within networks, which can be defined as - “a complex web of relationships
between parts of a unified whole or an integrated whole whose properties cannot be reduced to its
parts” [1]. Living systems are “open systems” that need a continual flux of matter and energy (they
exist in a state of dynamic equilibrium), thereby making them relatively unstable [1]. Stillness, or
static equilibrium, cannot exist in a living system [2]. A living organism is a system that constantly
renews, regenerates, and reforms itself while maintaining its overall identity, form, and pattern of
organization [1, 3].
Interestingly, living matter is governed by the universal laws of physics. Physicist Carlo Rovelli
explains that space is not an inert box, “but rather something dynamic in which we are contained”,
and that our world “seems to be less about objects than interactive relationships” [4]. Similarly,
organisms sustain life utilizing “the complex, dynamic, three-dimensional interplay between
millions of components, from the molecular to the multicellular” [5]. The living human form can be
understood as “the infinite play of its combinations, through the reciprocal influencing and
exchanging of correlations and information between its parts” [4].
AT Still, the founder of osteopathy, considered the body as an integral unit, a whole. He
developed the principles of osteopathy based on the simple observation that the body is a dynamic
functional unit. He was influenced by the writings of Herbert Spencer, who described the unity of
all living systems in which “each part lives for and by the whole” [6]. Each part is connected-and
relative-to all others within the histological continuum of living matter - from the surface of the skin
to innermost parts of each cell, from the macroscopic level to the microscopic level, and across all
scales, as suggested by recent research [7-10].
Osteopaths believe that the structure and function of the body work together and are dependent
on each other. AT Still wrote that “fascial continuity, its nervous system investments, and vascular
relationships clearly demonstrate how all parts work together. The human body is a unity of function”
[11]. He also understood the reciprocal relationship between structure and function, as illustrated
by this quote: “there is no real difference between structure and function; if structure does not tell
us something about function, it means that we have not looked at it correctly; they are two sides of
the same coin” [11].
The osteopathic medical profession was founded by a group of American doctors in the years
following the Civil War. At that time, without antibiotics or vaccines, many medical treatments and
unsanitary surgical practices were followed by the physicians, which were hazardous and often led
to more sickness. The emergent osteopathic profession rejected reductionist, short-term
interventions, which helped in treating only symptoms. Early osteopathic physicians focused on
preventing diseases and maintaining health. They believed that the body has an inherent capacity
to heal itself, and they called for this ability to be respected and harnessed. Thus, the focus was on
“looking for health” rather than treating disease. This is the context in which AT Still set out the
tenets of the osteopathic profession, and it is in this context that the writings of Still and other
founders of osteopathy are recalled in this paper. They were pioneers in the development of an
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understanding of the importance of fascia. One of the aims of this paper is to explore how recent
research lends support to the insights and observations of the founders of osteopathy.
As indicated by the latest technology, fascia plays an important role in maintaining the complex
relationships between structure and function in the living body and also in fluid dynamics, matrix
biology, and mechanobiology. Moreover, fascia acts as a unifying element within the living body,
thereby facilitating movement, stability, and the integration of the various body systems. However,
there is still some disagreement on precise fascial nomenclature and whether or not certain tissue
types can be defined as fascia. Modern anatomy textbooks still rely heavily on dissection as a source
of anatomical description and terminology; however, recent research suggests that this is not a true
reflection of the architecture and function of the living body. Therefore, one of the major challenges
facing modern anatomists is to break away from the restrictive confines imposed by adopting
dissection as the main source of information about the anatomy of the living human body. Also,
there is a need to move towards a more holistic, integrative understanding of the unity, continuity,
and dynamic interplay between the various elements that come together to create the living human
form. This is another theme that will be developed throughout this paper.
2. Discussion
The latest technological advancements enable researchers to explore the living human body in
minute detail and at different scales of observation, i.e., in vivo and in situ. This provides valuable
information about the “living body” as opposed to the “anatomical body.” There is a significant
difference between a dissected, disassembled cadaver, or “anatomical body”, as presented in
anatomy textbooks, and a living organism. As valuable as dissection may be, it does not provide an
entirely accurate representation of the complex three-dimensional organization of living matter
inside the living human body, especially at the microscopic level. Phischinger argued that the cell
cannot be fully understood without taking its natural environment into account [12]. Research
carried out in vivo by Guimberteau has provided visual evidence of the behavior of cells in their
natural environment, notably the direct mechanical influence of the fibrous connective tissue of the
extracellular matrix (ECM) on cells [7].
The cell and its requirements for optimal function - a supply of nutrients for cellular respiration
and metabolism, and the removal of waste products - was central to Still’s reasoning [13]. Nutrients
and waste products are known to travel through the ground substance of the ECM. “Every function
and every process in the living body, therefore, involves the ECM in some way” [12]. This introduces
the notion of the “quality” of the ECM and the consideration of factors that either encourage or
hinder the transport of these substances to and from the cell. The mechanical relationship between
the cell and its microenvironment, the ECM, is, therefore, a good place to start when discussing the
fundamental role of fascia in the living body.
2.1 The Extracellular Matrix
Histologist Albert Pischinger described the ECM as a “system of systems” because it is the one
system that touches all other systems in the body [12]. Research by orthopedic surgeon Jean-Claude
Guimberteau suggests that the ECM is highly organized, with its own three-dimensional architecture
of collagen fibers and fibrils that support and connect the cells that are housed in it [7]. Dr.
Guimberteau’s films (based on the innovative use of endoscopic filming) reveal the intimate
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mechanical relationship between cells and the fibrillar network in which they are embedded [7].
Forces are seen to disperse in all directions across this continuous multifibrillar network and exert
a direct influence on the cells via mechanotransduction.
The discovery of integrins, transmembrane proteins that span the cell membranes and connect
the cytoskeleton to the ECM, and the subsequent discovery of mechanical links between the
cytoskeleton and the cell nucleus [14, 15] revealed the presence of a continuous mechanical
network that extends throughout the body, reaching the innermost parts of each cell.
Oschman calls this the “living matrix”, which includes “all of the connective tissues and
cytoskeletons of all of the cells, throughout the body” [9]. The living matrix “has no fundamental
unit or central aspect, no part that is primary or most basic. The properties of the entire network
depend upon the integrated activities of all the components. Effects on one part of the system can
and do spread to others” [9]. This connective tissue continuum appears to serve as a body-wide,
mechanosensitive signaling network [16] and is present at all levels, i.e., from molecules to cells,
tissues, and the entire human form (from the cell to the organism as a whole) [17].
Mechanobiology is a field of research that studies the cell’s responses to various mechanical cues
or, in other words, provides information about the mechanosensitivity of cells. At the cellular level,
mechanical forces of the surrounding ECM influence the cell’s structure and function and thereby
exert an influence on a wide range of physiological and pathological processes, such as inflammation,
wound healing, and cancer [18, 19]. Therefore, it has been postulated that abnormal force patterns
acting across the ECM could interfere with cellular function, and perhaps playing a role in various
disease processes [20]. Transmission pathways of mechanical forces are multidirectional and
complex, with an uneven distribution of forces running in every conceivable direction. Load
distribution within the tissues is therefore not linear [21]. Based on these observations,
Guimberteau considers the ECM, the natural microenvironment of the cells, to be as important as
the cells [7].
The body appears to be structured by a continuous body-wide fibrillar system in which
specialized cells carry out specific functions depending on where they are located. Guimberteau
suggests that all the organs of the body are formed within this single, continuous fibrillar framework
[7], whose architecture remains the same regardless of the type of tissue, its function, its location,
and the cells it contains [7]. This is an entirely novel way of considering the anatomy of the human
body. Guimberteau makes a broad distinction between the cells of the organism, regardless of their
location, type and function, and their supportive framework [7]. Levin makes a similar distinction
between the parenchymal cells and the connective tissue that connects and supports them
throughout the body [22].
Oschman explains that the great systems of the body - the circulatory, nervous, musculoskeletal,
and digestive systems - and the various organs and glands are bound together by a continuous
connective tissue network or “fabric” [9].
2.2 What is Fascia?
The different types of fascia are now considered to be part of a “fascial system” [22]. The fascial
system is increasingly recognized as “the unifying structural element of the body and a key to
understanding the reciprocal interrelation between structure and function” [23]. Fascia is
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ubiquitous, and is found everywhere in the body. However, it is not clear what exactly is, and
perhaps more importantly, what is not fascia?
The search for a comprehensive, widely accepted, and all-inclusive definition of fascia is ongoing.
It is generally agreed that the fascial system forms “a three-dimensional continuum of
predominantly collagenous loose and dense fibrous connective tissue that permeates the entire
body” [24]. It is an organized but irregular supportive net, or web, that “reaches through all body
elements” [25].
A classification system, proposed in 2012, categorized fascia into four different types based on
gross anatomy, histology, and biomechanics - linking, fascicular, compression, and separating [26].
In 2014, the Fascia Nomenclature Committee (FNC) was established by the Fascia Research Society
to address the confusion and inconsistent usage of the term “fascia.” The committee considers this
to be an ongoing process. In 2017, the FNC proposed two distinct terminology recommendations:
“a fascia” and “a fascial system.” The first is a morphological/anatomical definition, and the second
is a functional definition [27]. The fascial system is described as a “three-dimensional continuum of
soft, collagen-containing, loose and dense fibrous connective tissues that permeate the body” [28].
The FNC suggests that this system “surrounds, interweaves between, and interpenetrates all organs,
muscles, bones and nerve fibers, endowing the body with a functional structure, and providing an
environment that enables all body systems to operate in an integrated manner” [27, 28].
Fascia develops as a single tissue, the mesenchyme, during embryological development [28].
Scarr states that “bones, muscles, and fascia are comprised of and linked together by the same
fibrous tissue.” As they all have the same common origin in cells of the embryonic mesenchyme,
they can no longer be considered as separate systems but “mutually dependent specializations of
the same tissue” [29].
Tozzi refers to a “distinct fascial differentiation of a body-wide structural ‘net’ extending from
the macroscopic to the cellular depth and sharing a common embryological origin. Therefore,
despite local differences in structure and form, including fiber arrangement, direction, and density,
the fascia shows a hierarchical continuity at different levels of complexity that truly makes it a
system between and within the body systems” [17]. Van Der Waal describes “a tensional network
in which all organs and structures are embedded”, a fascial web in which “everything is both
connected and separated” [30].
Van der Waal suggests two definitions of fascia, a “narrow” definition of a continuous network
of fascial structures and a “broader” definition of fascia as “a matrix - connective tissue - fluid
continuum” [30].
Guimberteau has demonstrated “a continuous, tensional, fibrillar network within the body,
extending from the surface of the skin to the periosteum - a global network that is mobile, adaptable,
fractal, and irregular” [7]. He proposes that this network of hydrated collagen fibers forms the basic
structural architecture of the human body and a framework in which cells develop to form the
various organs [7]. This raises several questions. Could this vast, all-pervasive fibrillar network
revealed by Guimberteau provide the basis of a “broad” definition of fascia? Guimberteau has
demonstrated that the fibrous collagen network extends into the ECM to provide an adaptable
supportive network and scaffolding for cells. Levin considers the fibrous tissue that connects and
supports the cells in the ECM to be part of the fascial system, as distinguished from the parenchyma
- the functional tissue of an organism [7, 22]. Therefore, as Guimberteau and Levin suggest, should
this microscopic network of collagen fibers within the ECM be considered to be part of the fascial
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system? Does the fascial system terminate at the cell membrane, or does it extend beyond the cell
membrane to the cytoskeleton and the intracellular matrix, as Guimberteau and Oschman suggest?
Should bone be considered an integral part of the fascial network, as suggested by Guimberteau
and Levin [7, 22]?
Blood and blood vessels are also formed in the embryo from mesenchyme. Blood could therefore
be considered as a tissue, and not fluid, with the capillaries transporting “liquid tissue” to the
interstitial areas [31]. Bordoni considers blood to be part of the fascial system and defines fascia as
any tissue that is capable of responding to mechanical stimuli and describes the fascial continuum
as “a perfect synergy between different tissues, liquids, and solids capable of supporting, dividing,
penetrating, feeding and connecting all regions of the body” [31].
2.3 Guimberteau's Multifibrillar Network
Guimberteau [7, 32-39] revealed a multifibrillar, multidirectional, irregularly organized network
of collagen fibers that extends from the surface of the skin to the nucleus of each cell. This fibrillar
network provides a mobile and adaptable framework for cells throughout the body. Therefore, it
plays a fundamental constitutive and structuring role in the body [7]. As a dynamic and self-adjusting
system, it plays an essential role in the movement. Nothing stops and starts within this network - it
is continuous and all-pervasive. It forms an interconnected network throughout organs, bone,
muscle, and nerve. It provides the scaffolding in which cells are embedded, and along which certain
cells appear to migrate. There are no empty or redundant spaces in the living body [7]. The fibrillar
network is permanently hydrated in normal healthy tissue, thereby representing- a continuum of
fibers and fluids that permeates every other system [7, 39].
Guimberteau’s research has revealed that specific anatomical structures, such as ligaments,
aponeuroses, muscular septa, and tendons, and different categories of fascia, such as superficial or
deep fascia, all share the same basic fibrillar architecture and are all part of the continuous bodywide multifibrillar network. Depending on the location and function, only the density of the weave
and the diameter of the fibers differ. For example, the epimysium, perimysium, and endomysium
can be considered as separate anatomical structures for practical purposes, but in reality, they form
a continuous, coherent, and functional structure, in which the muscle cells are embedded. They are
not separate histological entities and are an integral part of the body-wide multifibrillar network.
The fibers of the epimysium, perimysium, and endomysium are arranged in a completely irregular
manner, in contrast to the longitudinal and parallel, pseudolinear orientation of the muscle cells [7,
39].
This is true with all biological systems, as they do not display true linearity [40]. Guimberteau’s
research has demonstrated that the architecture of the multifibrillar network is chaotic, irregular,
and non-linear [7]. Blyum [40] explains that it is fundamentally impossible for a living system “that
is so profoundly complex at all its different levels and size-scales” to behave in a linear manner.
2.4 The Fibrous Matrix of Organs and Bones
The composition of a bone can be described in terms of the mineral phase and the organic phase;
out of these two phases, the water-insoluble mineral phase can be dissolved by weak acids [41].
The remaining organic matrix retains the form of the bone and is pliable and can be cut with a knife
and tied in knots [22, 30, 41]. Therefore, Levin considers bone to be ossified fascia [22, 30]. Handoll
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describes bone as a “stiffened membrane” [3], and Guimberteau considers bone to be an integral
part of the multifibrillar network [7, 39].
Similar to muscle cells, osteoblasts and other parenchyma cells are also embedded in the
interstices of a fascial framework. Bone gains its rigidity by the binding of hydroxyapatite to this
fascial fabric [22, 30]. However, unlike the rigid, brittle dry bone specimens that are used to study
anatomy, living bone is flexible, pliant, plastic, resilient, and elastic. Heavy trauma will cause a bone
to distort. If there is no fracture, the bone will recoil to its elastic ability, and a degree of distortion
will remain within the bone as “intraosseous compression”, detectable by palpation as a change in
the quality of the bone. Unless treated, this compression remains in the bone tissue indefinitely, as
suggested by Handoll [3].
It has been demonstrated that the reticular framework of organs is independent of the cells of
the organs. Sabin [42] described a labile framework that adapts to and supports the cells of each
organ. When cells of an organ are removed by a process called decellularization, it can be identified
by this framework alone because the reticular framework faithfully outlines the patterns of the cells
of the organ [42, 43]. Decellularization also reveals the substantial fascial scaffolding, which
supports Guimberteau’s hypothesis of an all-pervasive network of fibers and fibrils that extends
throughout the body at all scales, from macroscopic to microscopic. This continuous network
extends into the ECM, connecting and supporting the cells at the microscopic level.
It has been suggested that the dissection of cadavers encourages “dissective thinking” [29]. There
is a significant difference between the dissected, disassembled “anatomical” body as presented in
anatomy textbooks, and a living, functioning organism. However, extensive knowledge of both is
necessary. The creation of planes and flat surfaces by the dissector’s scalpel is not an entirely
accurate representation of the three-dimensional spatial organization of living matter inside a living
organism, especially in terms of micro-anatomy. Sheets of fascia can be created using a scalpel
during dissection to represent separate “layers” like the pages of a book. However, endoscopic
exploration reveals that they do not appear to be arranged like this inside the living body but rather
form an integral part of a three-dimensional, fluid-filled, fibrillar matrix [7].
Researchers are increasingly focusing on new technology to obtain detailed and precise threedimensional images of the inner workings of a living body. For example, recently developed
techniques such as lattice light-sheet microscopy (LLSM) [5] have enabled researchers to visualize
the complex, dynamic, and three-dimensional interplay between various components that make up
a living body. In vivo cell biology and, by extension, extracellular matrix biology can now be studied
using a combination of LLSM and adaptive optics (AO) [5]. The cell can be studied in its natural
environment within a living body with this technology. It provides precise images of multicellular
environments at high resolution in space and time, thereby providing a new perspective on the
environmental factors that regulate physiology [5].
2.5 Movement of Fluids Through a Continuous Network of Interstitial Spaces
Real time histological images of human tissues can be obtained by a novel endoscopic-assisted
technique called confocal laser endomicroscopy [44]. This technology has been used to
demonstrate the continuity of fluid--filled interstitial spaces within the fibroconnective tissue of the
body [44]. These spaces are described as “macroscopically visible spaces within tissues - dynamically
compressible and distensible sinuses through which interstitial fluid flows around the body” [44].
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Cenaj et al. describe a continuous network of fluid-filled interstitial spaces within the demonstrated
fibrous network [43]. A significant finding is that these interstitial spaces are continuous across
tissue and organ boundaries in humans and that they have been found in tissue sections throughout
the body [43].
Osteopathic treatment is thought to have a positive action on local circulation and drainage,
thereby improving and optimizing the supply of nutrients and oxygen and the removal of metabolic
waste products and inflammatory mediators [45, 46]. The free and uninterrupted flow of blood to
the capillaries is essential for the maintenance and repair of the body. The significance of this
function can be understood by the words of Still “the rule of the artery is supreme” [45]. Still and
Sutherland both highlighted the importance of local circulatory mechanisms, including the drainage
of metabolic waste products via the venous and lymphatic systems. Still wrote that “we strike at the
source of life and death when we go to the lymphatics” [47].
Lymphatic channels run through the fascia and are completely integrated into the multifibrillar
network [7]. An uninterrupted movement of lymphatic fluid occurs when this network is well
hydrated and mobile. This is one example of why optimal mobility, hydration, and adaptability of
the multifibrillar, microvacuolar network is important in the function of normal healthy tissue [39].
2.6 Fluid Dynamics
As indicated by recent research, osteopaths have long suggested that connective tissue networks
contain fluid and are part of a body-wide communication network [43]. AT Still wrote that “the soul
of man, with all the streams of pure living water, seems to dwell in the fasciae of his body” [48]. He
also wrote of the deleterious effects of the “delay and stagnation of fluids while in the fascia” [49].
Sutherland wrote that fluid is transported throughout the body within the fascia. He described a
“tide” that travels throughout the body, creating a flow of interstitial fluid that bathes every cell
[17]. He described a technique to influence this “tide” and to promote “an interchange that occurs
between all the fluids of the body - and I mean all the fluids” ("all through the viscera, the connective
tissue, and the fascia") [50]. Wales [51] described “an intensified interchange between all of the
fluids of the body.” She went on to state that “it is evident that the reaction is systemic and includes
the whole body, even within the bones” [51]. Therefore, long before the discovery of interstitial
spaces that are continuous across tissue and organ boundaries in humans, early osteopaths
understood their significance in the movement of fluid [45].
A significant observation is that the above-mentioned interstitial spaces are not empty - they are
filled with stainable hyaluronic acid and proteoglycans. Benias et al. hypothesize that normal
functional activities of different organs as well as “disordered fluid dynamics” could play a role “in
the setting of disease, including fibrosis and metastasis” [44].
As long ago as 1994, Shultz and Feitis proposed that the fascial web "acts like a riverbed
containing the flow of interstitial fluid” [25]. Myers reminds us that fascia is an aqueous medium
and calls for the inclusion of Guimberteau’s multimicrovacuolar system in the biotensegrity model
(which depicts the skeletal system as a non-random arrangement of compression elements knitted
into the tensional fabric of fascia). He also underlines the importance of the flow (and, in some
circumstances, the lack of flow) of fluid through the interstitium as a factor that must be accounted
for in the biotensegrity model [52].
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Therefore, the mobility and adaptability of the permanently hydrated body-wide multifibrillar,
microvacuolar network, as described by Guimberteau appears to play an essential role in the
function of normal healthy tissue [39].
2.7 Densification and Stiffness of Tissue
Mechanotransduction is a bidirectional means of communication between the ECM and the cell,
which is mediated by the cell microenvironment [14, 15, 39]. Bissell describes this as “dynamic
reciprocity” between the ECM on the one hand, and the cytoskeleton and the nuclear matrix on the
other hand [14]. The cell responds with an electrochemical cascade [31], and as demonstrated in
Guimberteau’s films, the mechanical deformation of cells occurs as an adaptive response to
mechanical stimuli [7]. Research carried out by Bissell has demonstrated that all the cells of an organ
must be “integrated into an architectural and signaling framework such that each cell knows exactly,
which commands to execute at any given time.” Any failure can result in “a spectrum of dysfunctions,
including cancer” [53].
The “quality” of the ECM - its intrinsic stiffness or flexibility and its ability to transmit mechanical
forces optimally - is to a large extent determined by the content and adaptability of the matrix [18,
19]. Abnormal stiffness of collagen fibers in the ECM appears to have deleterious effects on local
tissue health [39].
Much interest has recently focused on the hyaluronan content in the fascia, notably in areas of
densification compared to adjacent areas of fascia [54]. Osteopaths have long maintained that
localized areas of somatic dysfunction and “fascial drag” will impede local circulation, the flow of
interstitial fluids, and drainage of the interstitial areas by the venous and lymphatic systems [55].
Research by Swartz [56] suggests that pre-lymphatic fluid contains information about the state of
the ECM from which it drains. Encouraging and facilitating the movement of this information-rich
fluid from the interstitium into the lymphatic system may benefit the tissues and provide wider
health benefits.
Manual therapy is thought to help move cellular waste into the lymphatic system until it is
filtered and eliminated. Recent research utilizing novel MRI technology has confirmed this, wherein
manual therapy techniques exhibited a favorable impact on the proportion of “bound” vs. “unbound”
water in the interstitial ground substance. A healthy ground substance is thought to contain a high
proportion of ”bound water” (water molecules that associate closely with glycosaminoglycans). An
increase in metabolic waste products or local inflammatory products is thought to contribute to an
increase in the proportion of “unbound water” (stagnant bulk water) in the ground substance. It is
postulated that the manual techniques used in this study shuttle stagnant bulk water into the
venous and lymphatic drainage systems. This allows fresh water from blood plasma to enter the
area and associate more closely with the glycosaminoglycan elements, increasing the proportion of
“bound water” in the ground substance [57].
It has been demonstrated that the endothelial cells of the terminal or “initial lymphatic capillaries”
are directly connected to the collagen fibers of the ECM via “anchor filaments.” Interstitial fluid
appears to enter the initial lymphatics via “inlet valves” [58]. These valves could be affected by
pockets of local stiffness in the surrounding microenvironment, with subsequent loss of adaptability
of the collagen fibers in the ECM; thus, this process could interfere with the drainage of interstitial
fluid into the lymphatic system.
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Oncology researchers are showing renewed interest in the microenvironment surrounding
tumors [14, 15], especially because of the hypothesis that stiffer environments may contribute
towards metastatic growth [19]. Research has suggested that “stiff aligned collagen fibers” in the
ECM may “pave the way for tumor cells” [59]; however, very little is known about the factors
responsible for the stiffening of these collagen fibers. Inflammation and fibrosis are well-recognized
contributors to cancer, and physical-based therapies have been shown to reduce connective tissue
inflammation and fibrosis [19]. The same researchers suggest that “physical-based therapies may
have direct beneficial effects on cancer spreading and metastasis.” However, the question remains
as to what causes ECM stiffness and whether this stiffness can facilitate the spread of tumors in the
absence of other factors.
This is of particular interest in the light of Guimberteau’s observations of collagen fibers aligning
themselves in the direction of an applied force and then returning to their previous spatial
configuration once the force is removed [7]. Collagen fibers in healthy living tissue are arranged in
an irregular, chaotic manner, and the alignment of fibers in one direction is never permanent.
During dissection of human cadavers, Upledger and Vreedegevoord observed that under “normal”
circumstances, the “elasto-collagenous fibers of the dural membrane are interlaced and appear
disorganized” [52]. During some dissections, they also observed abnormal and permanent
alignment of collagen fibers in the dura mater. They advanced the hypothesis that this is a response
to abnormal and prolonged constraints acting on the tissues involved. They suggested that when
the dural membrane is subjected to abnormal tension in a specific direction over a considerable
period, the fibers within the membrane appear to react by organizing and aligning themselves in
the direction of tension and are unable to return to their initial configuration [52].
Guimberteau’s films of normal healthy tissue show how fibers in the network arrange themselves
in the direction of the tension of an applied force, and then return towards their initial configuration
when the force is removed [32-38]. However, any changes in the mobility and adaptability of the
fibers within the network would appear to affect the healthy function of the tissue in question [7].
In situ imaging techniques, such as shear wave elastography, have shown that malignant tumors
are stiffer than benign tumors [60]. Transrectal shear wave elastography is used as a non-invasive
method to detect and characterize prostate cancer. Because of the stiffness of cancerous tissue, the
shear waves are slowed as they pass through a tumor. The technique allows operators to
differentiate between cancerous and benign tissue in the prostate [61, 62]. It accurately detects
cancer foci and reveals significant differences in stiffness between cancerous and benign tissue.
2.8 Alternative Channels of Communication
There is a growing body of research to support the hypothesis that fascia may be the tissue
through which alternative systems of fluid and electrical energy flow.
Guimberteau’s films reveal the omnipresence of fluids in the interstitial areas [7]. Benias et al.
[44] have demonstrated the existence of a body-wide network of fluid-filled interstitial spaces [43,
44]. “Although this lacks detailed microscopic confirmation”, osteopaths have suggested the
existence of a body-wide communications network of fluid-containing interstitial spaces in
connective tissue [43].
The tensegrity model considers the whole body as a three-dimensional viscoelastic matrix,
“balanced by an integrated system of compression tension forces in dynamic equilibrium” [63]. “An
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applied force can influence any part of this system, from cellular to whole-body and vice-versa via a
non-linear distribution of forces” [63]. Local stimuli can therefore lead to global reorganization [64].
This is because of the structural and tensional continuity within the living body, which provides “an
electromechanical semiconducting matrix that can generate coherent vibratory signals throughout
the body”, in other words, a communication continuum [63, 65]. Oschman considers the connective
tissue fabric as a body-wide semiconducting communication network that is capable of carrying
bioelectric signals “between every part of the body and every other part” [9].
Far from being simply a support structure or passive container, the fascial network now appears
to play a central role in various body-wide communication networks. In the 20th century, a huge
amount of research, mainly in vitro, was carried out on the cell. The focus is now shifting towards
research into the ECM and the fascial system and the mechanisms by which cells interact with the
ECM. This is a two-way dialogue that can be adversely affected by mechanical issues and disturbed
structure-function relationships within living tissues [39, 58], thereby making it important for the
health and survival of the organism [15, 16].
2.9 Scar Tissue and Adhesions
Endoscopic observations provided by Dr. Guimberteau’s research show that scars are areas of
disturbed mobility within the multifibrillar network. A scar is an area of real structural chaos, with
no functional purpose, as opposed to the normal fibrillar organization that can also be described as
a chaotic system; however, this- chaos is more in the mathematical sense and has an underlying
order. The formation of scar tissue introduces “real” disorder into the fibrillar system, and adhesions
(bands of scar tissue that join two internal body surfaces that are not usually connected) are
responsible for the disappearance of normal dynamic fibrillar harmony and adaptability.
All surgical procedures are necessarily destructive because the surgeon must gain access to the
operation site, destroying connective tissue and disturbing the internal architecture of the body. It
has been observed that the fascia that has been destroyed by surgery is replaced by scar tissue. As
we have seen, fascia plays a significant and vital role in movement by facilitating the integration and
coordination of the movement of adjacent anatomical structures and has a knock-on effect on
systems, such as the circulatory, lymphatic, and nervous systems. This can be adversely affected by
scar tissue. Guimberteau, therefore, calls for surgeons to destroy as little as possible of this precious
tissue during surgery.
Scars are often overlooked by manual therapists or considered to be of minor importance,
whereas osteopaths traditionally pay a lot of attention to them [66]. Scars appear to play a role in
the symptomatology of many patients, and they are clinically observed to be the source of
symptoms that are resistant to treatment. Therefore, they often require special attention. Lewitt
[67], Upledger, and Vredegevoord [68] have written about the importance of treating scars resulting
from surgery or injury. A scar often affects deeper anatomical structures and may therefore be the
source of soft tissue dysfunction in areas far removed from the site of the scar. Adhesions and
fixations in the peritoneum and the gliding areas between the viscera can exert a negative influence
on visceral mobility and motility [69, 70].
The formation of scar tissue is an ongoing process - “neither static nor irreversible, but a
continuous remodeling process” - and will therefore respond to manual interventions [30]. Apart
from facilitating the repair of specific structures that have been damaged, manual therapy aims to
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ensure that functional harmony and equilibrium are restored to those parts of the body affected by
trauma and that their functional relationships with the rest of the body are not compromised.
Skillfully applied manual therapy to a healing wound can prevent chaotic and disorganized scar
tissue [30]. The goal of manual therapy should therefore be to restore both local and global
functional relationships and to ensure optimal integration of the scar tissue within the multifibrillar
network [7, 36].
3. Conclusions
It is becoming increasingly apparent that the living body functions as an integrated unit, with
fascia as the unifying element. The fascial system extends into every part of the body as a
multidirectional web of fibers in which everything is at once connected and separated, enabling the
various systems of the body to work together as a coherent, interdependent structural and
functional entity. The conventional understanding of the human body as an assemblage of separate,
distinct anatomical structures is being challenged by modern research that is providing a growing
body of evidence of more porous and less permeable systems that extend across tissue and organ
boundaries.
The role of fascia as a unifying system in the living human body is therefore now well established.
Its relationships with all the great systems in the body have been demonstrated. Guimberteau’s
research has revealed the existence of an all-pervasive body-wide tensional network of collagen
fibers at all levels of observation, from macroscopic to microscopic, from the skin to the periosteum.
This permanently hydrated multifibrillar microvacuolar network is present everywhere in the body
and has been demonstrated to play an essential role in movement. It extends into the ECM, where
it provides a framework, or scaffolding, for cells and contains a continuous body-wide fluid-filled
network of interstitial spaces. The implications of these discoveries are profound and wide-ranging.
They indicate a need for a reappraisal of our understanding of the architecture and spatial
organization of the living human form.
AT Still considered the human body as a fully integrated biological unit and understood the
importance of fascia - a tissue that was considered until recently as an inert packing tissue. He
recognized the all-pervasive nature of fascia at all levels of organization in the human body, the
central role it plays in facilitating movement and coordinating the various systems in the body, and
its importance in maintaining health. He also gained valuable insights into the complex structurefunction relationships within the living body. These insights are being borne out by recent research
made possible by technological advances that allow scientists to explore the living body in
increasingly minute and precise detail.
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Abstract
Statistical modeling indicated that COVID-19 would have afflicted more than 60% of the US
population. Social distancing, self-quarantine, and widespread shutdowns were imposed. The
push to stay at home and the decreased availability of exercise facilities have potentially
reduced physical activity (PA). The purpose of this observational, correlational study was to
determine if there is a relationship between PA level and symptoms of COVID-19. Subjects
were asked to complete a single Survey Monkey questionnaire. The survey asked
demographic questions, PA behaviors, and questions relating to COVID-19 symptoms. Chisquare analysis was run to determine frequency differences within the PA group and specific
COVID-19 symptoms. Hierarchical regression analysis was run to determine if PA was a unique
predictor of the number COVID-19 symptoms experienced. Sixty male and 85 female (n = 145)
subjects completed this study. Subjects were 25.6 ± 11.2 yr old with an average BMI of 25.3 ±
5.2 kg/m2. There were no statistically significant differences between those who achieved PA
guidelines compared to those who did not on any single symptom besides fever. A greater
number of participants who did not achieve PA guidelines reported no fever (69.2% vs. 46.6%,
© 2021 by the author. This is an open access article distributed under the
conditions of the Creative Commons by Attribution License, which permits
unrestricted use, distribution, and reproduction in any medium or format,
provided the original work is correctly cited.
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p = 0.018). Age, gender, ethnicity, and BMI did not significantly predict the number COVID-19
symptom (p = 0.312). Only the addition of moderate MET-minutes·week-1 made the full model
statistically significant (p = 0.009, R2 = .093). Moderate MET-minutes·week-1 was the only
independent predictor of COVID-19 symptoms (p = 0.009). In conclusion, increased levels of
moderate-intensity PA may protect against acquiring a greater number of COVID-19
symptoms.
Keywords
COVID-19; physical activity; exercise; lifestyle

1. Introduction
On January 30th, 2020, the WHO declared the severe acute respiratory syndrome coronavirus2
(SARS-CoV-2), the virus that causes the novel coronavirus disease 2019 (COVID-19), pandemic a
global health emergency [1]. Statistical modeling indicated that without mitigation, COVID-19 would
have afflicted more than 60% of the US population [2]. The leading damage of the virus is to the
respiratory system, immune system, and exacerbating underlying medical conditions [3]. Several
health organizations such as the US Centers for Disease Control and Prevention [4] and the WHO [1]
issued safety recommendations to reduce exposure to and transmission of the virus. Social
distancing, self-quarantine, and widespread shutdowns were imposed to flatten the epidemic curve.
The objective of these measures was to curb the effects of the virus on the healthcare system,
morbidity, and mortality [5].
Because of these precautions, most exercise and recreational facilities were forced to close or
alter routine operating procedures. Closing exercise facilities is concerning; most modern countries
were already experiencing a pandemic of physical inactivity [6]. The push to stay at home and the
decreased availability of exercise facilities have potentially reduced physical activity (PA) further [7].
For example, a cross-sectional study of 37,252 participants from France found that 63% reported
increased sedentary time, with an average of seven hours per day spent sitting during lockdown [8].
In addition, reports show an overall decrease in walking during COVID-19 self-quarantine [9]. A
worldwide sample of roughly 450,000 subscribers of a popular fitness app found that daily step
counts were reduced by roughly 30% within 30 days of pandemic declaration [10]. Countries with
more strict mandates, such as Italy, showed a 49% reduction in step counts [10].
A dramatic reduction in PA is worrisome as prior literature has shown that just two days of
inactivity are associated with muscle wasting, alterations in glucose homeostasis, and insulin
sensitivity reductions [11]. Also, increased sedentary time was highlighted as a primary cause of the
increased back pain that has been reported during the pandemic [12]. Physical inactivity is directly
[13] and indirectly related to inadequate immune response through its effects on obesity
development [14]. On the other hand, daily exercise may help combat COVID-19 by boosting the
immune system and counteracting comorbidities such as obesity, diabetes, hypertension, and heart
conditions that increase severe COVID-19 illness [15]. Animal models suggest that pre-infection
exercise training at moderate intensities improves morbidity and mortality to viral infections [1618]. However, some data suggest that high-intensity exercise may lead to poorer outcomes in
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response to respiratory viral infections [19-21]. Thus, a J-shaped theorized relationship between
exercise intensity and respiratory illness has emerged [22].
Exercise-induced adaptations enhance the effectiveness of the immune system [23]. Additionally,
although not always consistent [22], exercise-induced changes to the immune system may also
affect respiratory virus susceptibility [24]. An extensive study by Hamar et al. found that a healthy
lifestyle that includes PA was protective against getting COVID-19 [25]. However, little is known
about how PA interacts with the immune system to impact specific COVID-19 symptoms once the
virus is acquired. A recent paper looking at lifestyle factors and COVID-19 disease severity in Iranian
subjects found that those with lower levels of PA were affected more severely by COVID-19 [26].
Because the researchers used CT scan findings and positive PCR tests for inclusion criteria, mild
cases were not included in the study. Emerging data has also shown that participants with lower
exercise capacity had an increased risk of becoming hospitalized from COVID-19 [27]. The health
impacts of high PA levels are not identical to the health impacts of a high measured cardiovascular
fitness level [28]. Thus, there are still open questions regarding the role of PA on specific COVID-19
symptoms [29].
Eighty percent of confirmed COVID-19 cases show little or even no disease symptoms [30, 31].
Whether or not those who are more physically active express fewer symptoms is unknown. Hence,
the purpose of this observational, correlational study is to determine if there is a relationship
between PA level and the expression of COVID-19 symptoms.
2. Methods
2.1 Subjects
2.1.1 Population
A priori G*Power using bivariate correlational analysis was used as the research design to
approximate sample size. An estimated effect size of .3, an alpha error of 0.05, and a power of .95
projected that 111 subjects were needed to power this study adequately. Subjects were included if
they were over the age of 18 yr and self-reported that they have had a confirmed positive test for
COVID-19. Potential subjects were asked, "have you received a positive COVID-19 test?" Subjects
were excluded if they are current or former smokers and have known pulmonary, cardiovascular,
renal, metabolic diseases, or cancer. A research announcement was sent out via social media to
possible participants. Snowball sampling was also used such that each participant was asked who
they knew who has tested positive that may like to participate.
2.2 Material and Methods
2.2.1 Study Design
The research design used was a quantitative correlational design. The Institutional Review Board
at the host institution approved this study. Once the subjects agreed to participate in the study,
they received a link to a Survey Monkey questionnaire. Informed consent was at the beginning of
the online survey. Subjects were asked to complete a single Survey Monkey questionnaire. The
survey asked demographic questions, PA behaviors, and questions relating to the severity of COVID19 symptoms.
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2.2.2 Demographics Questionnaire
Descriptive information was collected to characterize the subject population. Subjects were
asked to reveal their age, gender, ethnicity, height, and weight. These variables were essential to
obtain as it has been shown that each impacts COVID-19 susceptibility and severity [3].
The International Physical Activity Questionnaire short form (IPAQ-SF) was chosen to measure
PA behaviors. The IPAQ-SF has been found valid and reliable [32, 33]. According to official IPAQ-SF
guidelines, data are summed within each item (i.e., vigorous-intensity, moderate-intensity, and
walking) to estimate the total amount of time spent engaged in PA per week [32, 33]. Total weekly
PA (MET-min·week-1) was estimated by adding the products of reported time for each item by a
MET value specific to each PA category. The MET values used were the original values (original IPAQ)
based on the official IPAQ guidelines for young and middle-aged adults (18–65 yr): vigorous PA = 8.0
METs, moderate PA = 4.0 METs, and walking = 3.3 METs. Those who reported ≥ 150 min/week of
moderate intensity PA exercise per week and, or ≥75 min/week of vigorous intensity PA, or an
equivalent combination of both moderate- and vigorous intensity aerobic exercise were considered
to meet PA guidelines [34]. Combination was calculated by adding moderate minutes per week plus
two times vigorous minutes per week. Meeting moderate to vigorous intensity PA (MVPA) was
determined if combination equated to ≥150.
The primary investigator created the questionnaire used to assess COVID-19 symptoms.
Questions were based on reported clinical characteristics of those diagnosed with COVID-19 [30].
Subjects were asked on an ordinal scale if they had a fever, persistent cough, unusual fatigue,
headache, unusual shortness of breath, sore throat, loss of smell/taste, unusually hoarse voice,
unusual chest pain or tightness, unusual abdominal pain, diarrhea, or nausea. Subjects were also
asked to report if they were admitted to the hospital due to COVID-19. If admitted, subjects were
asked what treatment they were given (oxygen and fluids, non-invasive ventilation, invasive
ventilation). In addition to the ordinal questions asked, a COVID-19 symptom index was created to
estimate how many symptoms were experienced. All positive symptoms were added together to
create an interval symptom index. For example, assume a subject was asked, 'did you have a fever?'
1 = yes, 2 = no, and 'did you have a persistent cough?' 1 = yes, 2 = no. If the subject answered yes to
both, the symptom index would be 2. Thus, a lower score represents increased symptoms.
2.2.3 Statistical Analysis
All statistical analyses were performed using SPSS software version 27 (SPSS 27.0 IBM
Corporation, Armonk, New York, USA). Data are expressed as means ± standard deviation. Data
were analyzed for normality, and values with skewed or kurtotic distributions were transformed to
achieve normality. Descriptive statistics were used for the demographics of the participants.
Subjects were dichotomized into two groups; those who achieved the public health PA guidelines
of 150 minutes a week of MVPA and those who did not. Chi-square analysis was run to determine
frequency differences within the PA group and specific COVID-19 symptoms. Hierarchical regression
analysis was run to determine if PA was a unique predictor of COVID-19 symptoms. All p-values were
calculated assuming a two-tailed hypothesis, and p < .05 was considered statistically significant.
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3. Results
Sixty male and 85 female (n = 145) subjects completed this study. Subjects were 25.6 ± 11.2 yr
old with an average BMI of 25.3 ± 5.2 kg/m2. 57% of subjects were Caucasian, 32% were Hispanic,
6% were African American, and 5% were "other". Table 1 details the number of minutes per week
subjects participated in the different PA categories. PA values are like what has been reported in
other research during the COVID-19 pandemic within a similar population [35].
Table 1 Physical Activity Behaviors.
Physical activity category
Minutes spent walking
Walking MET values
Minutes spent in moderate activity
Moderate MET values
Minutes spent in vigorous activity
Vigorous MET values
Total weekly activity (min)
Total MET values
Sitting (min/day)

Mean ± SD
244.8 ± 250.4
1013.2 ± 1734.1
138.3 ± 169.8
652.9 ± 852.6
178 ± 181.9
1708.5 ± 1919.3
565.3 ± 447.9
3130.8 ± 28.10.5
384.1 ± 264.4

The most reported symptoms of COVID-19 were unusual fatigue (91%), headaches (79%),
shortness of breath (75%), and loss of smell or taste (72%) (for a complete list of symptoms, see
Table 2).
Table 2 COVID-19 Symptoms.
Symptom
Fever
Persistent cough
Unusual fatigue
Headache
Shortness of breath
Sore throat
Loss of smell or taste
Hoarse voice
Chest pain
Abdominal pain
Diarrhea
Nausea
Admitted to hospital

Percentage
of
participants
experiencing symptom (N)
47% (68)
35% (49)
91% (131)
79% (115)
55% (79)
59% (85)
72% (104)
23% (33)
44% (64)
21% (30)
32% (47)
35% (50)
3% (5)
N = 145
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One hundred and six subjects achieved the public health guidelines of 150 min/week of MVPA
while 39 subjects did not. Although not statistically significant, compared to those who did not
achieve PA guidelines, participants who reported they did achieve PA guidelines had more people
report a lack of fatigue, headache, shortness of breath, hoarse voice, abdominal pain, diarrhea, and
nausea (Table 3). However, there were significantly more people reporting no fever within those
who did not achieve PA guidelines than those who did (69.2% vs. 46.6%, p = 0.018).
Table 3 Percentage of Participants Not Experiencing the Symptom.
Symptom
Fever
Persistent Cough
Unusual Fatigue
Headache
Shortness of Breath
Sore Throat
Loss of Taste or Smell
Hoarse Voice
Chest Pain
Abdominal Pain
Diarrhea
Nausea
Admitted to Hospital

Inactive
69.2%
67.6%
7.7%
10.3%
34.2%
41.0%
25.6%
71.8%
59.0%
74.4%
59.0%
53.8%
97.4%

Active
46.6%
58.8%
12.5%
20.5%
50.0%
47.7%
25.0%
83.0%
53.4%
85.2%
70.5%
70.5%
96.6%

P-Value
0.018
0.362
0.142
0.161
0.270
0.484
0.939
0.151
0.561
0.142
0.205
0.070
0.801

Hierarchical regression was run with age, gender, BMI, and ethnicity in the first block and the
different PA measurements in the second block. The COVID-19 symptom index was the criterion
variable. Age, gender, ethnicity, and BMI did not significantly predict COVID-19 symptom severity (p
= 0.312). The addition of vigorous MET-minutes·week-1 in the second block did not significantly
predict COVID-19 symptoms (p = 0.332). Vigorous MET-minutes·week-1 was then replaced with
Moderate MET-minutes·week-1. The addition of moderate MET-minutes·week-1 made the full model
statistically significant (p = 0.009, R2 = .093). Moderate MET-minutes·week-1 was the only
independent predictor of COVID-19 symptoms (p = 0.009). Moderate MET-minutes·week-1 was then
replaced with walking MET-minutes·week-1. The full model was not statistically significant (p =
0.719). Walking MET-minutes·week-1 was replaced with total MET-minutes·week-1. The full model
was not statistically significant (p = 0.298). Total MET-minutes·week-1 was replaced with sitting time.
The full model was not statistically significant (p = 0.296).
4. Discussion
The current study included 145 participants who reported having tested positive to COVID-19 to
determine the relationship between PA and COVID-19 symptoms. The main finding from this study
was that moderate-intensity PA may decrease COVID-19 symptoms, and this was not seen with
higher intensity PA levels. Our findings align with past work that reports that PA and respiratory
tract infection mainly correlate with exercise intensity [36, 37].
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Our work also aligns with emerging data concerning the COVID-19 virus and exercise. A recent
large cross-sectional study concluded that regular sports participation might decrease disease
severity. Indeed, these authors found that hospitalizations of athletes who regularly participated in
sports were 33% lower than the nonathletic groups [38]. Additionally, Tavakoi looked crosssectionally at 206 participants who tested positive for COVID-19 to determine predictors of disease
severity [26]. These researchers found that moderate-intensity PA, not vigorous, decreased COVID19 disease severity. Lastly, in a study of 48,440 subjects, it was found that those who reported to
consistently meet PA guidelines were less likely to become hospitalized, admitted to the ICU, or die
from COVID-19 complications [39].
Several physiological processes have been suggested to explain the relationship between PA and
improved immune and lung function. For example, enhanced natural killer cell activity has been
reported following moderate PA [40, 41]. Improved immune function from PA can reduce the influx
of inflammatory cells into the lungs, decrease pathogen load, improve disease outcomes, and
decrease pro-inflammatory cytokines in the lungs or bronchoalveolar fluid [16, 18]. Animal models
confirm that the correlation between exercise intensity and influenza shows increased susceptibility
with intense exercise [20] and decreased susceptibility with moderate exercise [17]. This may
explain why the current study did not find a relationship between time spent in vigorous-intensity
exercise or total PA on COVID-19 symptoms.
Age and gender were not independent predictors of COVID-19 severity in our study. In a
multivariable analysis predicting hospitalization from COVID-19, it was found that the strongest
predictor was an age of 75 years or older [42]. Hence, it was not surprising that the current study
did not show age as a predictor when considering our mean age was 25 years old. Additionally,
whether or not gender predicts COVID-19 disease severity is inconclusive, with some data showing
the male gender predicts greater COVID-19 severity [42] while other data shows that women
suffered longer durations of symptoms than men [26].
Interestingly, our study did not find BMI to predict COVID-19 symptoms. The majority of research
points to increased disease severity with increased levels of BMI [42-44]. For instance, when
predicting hospitalizations in New York from COVID-19, the strongest predictor was age, followed
by obesity [42]. Additional research found that COVID-19 disease severity was associated with
increased BMI categories [44]. However, Tavakol looked at risk factors of COVID-19 severity and
found that obesity was not among the predictors [26]. Additionally, Sallis et al. found that it was not
until BMI's got above 40 kg/m2 that risk for hospitalization, ICU admittance, and death was increased
[39]. The current study had an average BMI of 25.3 ± 5.2 kg/m2. Consequently, differences in findings
may be due to a smaller number of participants in higher BMI categories within the current study.
Differences between studies may also be explained by the various ways COVID-19 disease outcomes
are being determined. The current study, for example, added up the number of COVID-19 symptoms.
Lastly, the current study included those with much milder cases of COVID-19.
There are strengths to this study. First, prior research used CT scan findings and positive PCR tests
for inclusion criteria [26]. Thus, mild cases were not included. Additionally, data on moderate PA in
the general population are limited [45]. The current study provides information about the impact of
moderate-intensity PA on symptoms of those who have mild cases of COVID-19.
The study has several weaknesses. Because of the sampling procedure, the participant
population may be biased and not representative of the general population. Indeed, our population
was relatively young, predominately Caucasian, and active. Additionally, all data is self-reported.
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Self-reported data can lead to incorrect reporting. This may be the reason that such a high
percentage of the sample reported meeting PA guidelines. Lastly, our subjects all had relatively mild
cases of COVID-19, as shown by the small number of hospitalizations (n = 4). Thus, our study may
not adequately describe PA's ability to protect against severe cases. Our study would be most
generalizable to young, fit, college-aged populations. Other populations should interpret these
results with caution.
In conclusion, this study adds support that increased levels of moderate-intensity PA may protect
against acquiring a greater number of COVID-19 symptoms. This is valuable information, quality of
life during the COVID-19 pandemic has been reported to decrease [46], and many people may feel
helpless to change their circumstances. Increasing levels of moderate-intensity PA is one area that
the population could take control over that may decrease population disease burden.
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Abstract
Mind–body interventions have shown promise for improving prenatal mental health. The
purpose of this study was to investigate the feasibility of a prenatal mind-body intervention
delivered remotely due to COVID-19 and preliminary efficacy with respect to mental health
outcomes. This study used a simultaneous mixed methods approach (n = 27). Mixed methods
data were collected to evaluate the feasibility and preliminary efficacy of the remotely
delivered program (I.e., acceptability, practicality, demand, sustainability). Findings suggests
that remote delivery of the Mindful Moms-to-Be program is acceptable. Half of the sample
(45%) reported that they felt remote participation was more acceptable compared to inperson programming and approximately 1/3 reported that either format would be acceptable.
Additionally, 36% of participants reported that remote participation did not impact their
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ability to participate and 46% reported that it increased their ability to participate. A majority
(63%) of participants reported feeling moderately or extremely likely to sustain the habits
learned in the program after birth. Finally, after participating in the program, participants
reported statistically significant increases in resilience (t (26) = -3.89, p<.01) and statistically
significant decreases in stress (t (26) = 3.45, p<.01), depression (t (26) = 4.04), and anxiety (t
(26) = 4.23, p<.01). Remotely delivered mind-body interventions may be feasible for pregnant
individuals, increase demand, and potentially lead to sustainable changes in the postpartum
period. Participation in Mindful Moms-to-Be may significantly mitigate negative mental health
outcomes, including anxiety, during pregnancy.
Keywords
Perinatal mental health; anxiety; mindfulness-based interventions

1. Introduction
Stress impacts human biology, particularly during early periods of development [1, 2]. Pregnancy
can be an inherently challenging period that results in changes in mood, lack of sleep, relationship
challenges, and isolation for many women [2]. Prenatal stress also influences offspring development
through the embedding of environmental exposures [3, 4]. Past research suggests that poor
prenatal mental health is positively associated with a constellation of poor physical health and
obstetric outcomes, such as cardiovascular disease and preeclampsia [5-8], and negative impacts
on birth and child developmental outcomes that may translate to obesity, diabetes and heart
disease in adulthood [9-12]. The most recent literature suggests that 16% of pregnant women are
clinically depressed [13], 21% of pregnant women have anxiety disorders [14], and 12-44% of
pregnant women report high perceived stress [15, 16].
Exposure to environmental stressors, such as the COVID-19 pandemic in 2020-2021, can amplify
perinatal mood disorders and child health and development outcomes [17-20]. Recent findings
suggest that the impacts of disasters on mental health, and specifically anxiety, are particularly
pronounced in pregnant and postpartum women [19]. For example, a mixed-methods study of
women who were either pregnant or postpartum during the early months of the pandemic revealed
that 44% reported symptoms of anxiety [21]. Alternative recent reports suggest that 30-45% of
perinatal women reporting having anxiety symptoms during 2020 [22, 23]. Untreated perinatal
anxiety can result in adverse outcomes for both mother and baby, including preterm birth [24], lack
of bond with baby [25], developmental and cognitive delays [26], behavioral problems later in
childhood [27], and long term depressive symptoms [28].
As a result of COVID-19, pregnant women were designated as being a high-risk population [29].
Local and national public health guidelines prohibited large group gatherings [30] and called for
medical services to transition to tele-health models, including prenatal visits, therapy, and wellbeing
programs [31]. Increases in anxiety coupled with these disruptions highlight the negative impacts of
social isolation on perinatal mental health, as social isolation has been directly correlated with
maternal mental illness [32-34]. Studies examining the effects of social distancing during the COVID-
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19 pandemic show isolation and loneliness in the prenatal period to be predictors of perinatal
anxiety and depression [35, 36].
Mind–body interventions may improve mental health in pregnant women [37]. MindfulnessBased Stress Reduction (MBSR) was developed by Jon Kabat-Zinn and colleagues [38] and is an
example of a mind-body intervention that improves both mental and physical health outcomes
through a focus on mindfulness. Mindfulness is a set of skills derived from contemplative traditions
and involves the cultivation of moment-to-moment and nonjudgmental awareness of one’s present
moment experience [39]. Specifically, the use of Mindfulness-Based Cognitive Therapy (MBCT) has
been found to be an efficacious psychosocial intervention for maternal mental health through the
targeting of mediating factors such as mindfulness [40-42]. MBIs that utilize MBCT during pregnancy
may promote positive mental wellbeing via reductions in stress, depression, and anxiety [43-46]. A
meta‐analysis of 17 studies examining MBIs during the perinatal period found significant
improvements in depressive symptoms [47]. Although current studies are exploring the specific
impacts of COVID-19 on perinatal mental health [48, 49], few studies have examined the application
of prenatal MBIs to mitigate perinatal mood disorders during COVID-19 [47, 50]. Additionally, there
is a gap in investigating the feasibility of remotely delivered MBI interventions specifically related to
multiple mental health and wellbeing outcomes, including perinatal anxiety during COVID-19.
Resilience in the face of disasters is likely to result from a combination of resources that foster the
ability to cope well despite extraordinarily severe demands [51]. MBIs delivered remotely have the
potential to cultivate positive coping behaviors and social connectedness, which may translate to
enhanced prenatal and postpartum mental health and wellbeing, specifically during COVID-19.
2. Methods
2.1 Mindful Moms-to-Be Program
The Mindful Moms-to-Be program is an example of a prenatal MBI that is rooted in mindfulnessbased cognitive therapy (MBCT) and mindfulness-based childbirth and parenting (MBCP) [52]. The
program is based off a prenatal MBCT program focused on the prevention of perinatal depression
[53, 54] and consists of six 90-minute weekly sessions. The goal of the Mindful Moms-to-Be program
is to focus on emotional wellness during pregnancy in order to decrease the risk for postpartum
depression and anxiety for women who may be at higher risk due to high-risk pregnancies, histories
of depression and/or anxiety, and current psychosocial stressors during pregnancies. The program
is facilitated by two licensed psychologists and covers various topics such as: mindfulness,
breathwork, pregnancy-specific worries and stressors, managing anxiety, working with/accepting
difficulty, yoga, pain management, and self-care strategies and exercises. In 2020, due to COVID-19,
the Mindful Moms-to-Be program was adapted for remote delivery.
2.2 Participants
The final analytical sample for this study included individuals who participated in the remotely
delivered Mindful Moms-to-Be program from September of 2020 through April of 2021 (n = 27).
Participants were recruited through paid advertisement on social media platforms (e.g., Facebook,
Instagram), and fliers distributed through university-affiliated listservs and email databases,
obstetric offices, WIC clinics and pregnancy-based health care clinics. Eligibility criteria included: 1)
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individuals who were between 12 and 32 weeks pregnant, and 2) individuals living in Colorado. A
large university-affiliated institutional review board approved this study (IRB # 20-2138).
Additionally, safety monitoring with respect to depression and anxiety was conducted by two
licensed psychologists throughout the course of the study.
2.3 Procedure
Individuals who were interested in participating in the program were screened for eligibility by
the licensed psychologists who facilitated the program. Once individuals were deemed eligible and
interested, an electronic link containing the consent and baseline survey was sent via email. All
documents (consent, survey) were administered via REDCap [55].
REDCap is a secure, web-based application designed to support data capture for research studies.
Once individuals completed the baseline survey, the licensed psychologists emailed information
regarding the program and logistics on how to join the group sessions. Survey data was collected at
two timepoints: T1 (baseline) and T2 (post-intervention). Additionally, mixed methods data were
collected after participation in the program (T2) to evaluate the feasibility of the remotely delivered
program. Individuals were recruited for participation in the feasibility data collection using a
convenience sampling design; the post-survey included a question about interest in participating in
the feasibility components of this study (brief survey and 45-min zoom interview). The study team
contacted individuals who expressed interest in participating and conducted the additional data
collection activities. Individuals received a $20 electronic Target gift card for all surveys and
interviews that they completed.
2.4 Instruments
2.4.1 Feasibility Data
The 13-item feasibility survey and 16-item semi-structured interview guide were comprised of
questions about acceptability (e.g., satisfaction), practicality (e.g., ability to participate), demand
(e.g., session attendance and engagement), and sustainability (e.g., perceived likelihood of
sustaining behaviors into postpartum period). Feasibility constructs and associated questions were
based on best practices related to feasibility studies and implementation research and are displayed
in Table 1 [56]. Sample survey questions included, “Overall, how satisfied are you with the Mindful
Moms-to-Be program?” (acceptability) and “How did remote delivery impact your ability to
participate?” (practicality). Sample interview questions included, “How likely do you think you are
to sustain the habits you learned in the program after birth?” (sustainability) and “When signing up
for the program, what encouraged you to sign up? What hesitations did you have?” (demand).
Table 1 Feasibility constructs, evaluation questions, methods and timepoints of data
collection.
Construct

Evaluation Questions

Data
Timeline
collection
methods
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Acceptability

To what extent is the Mindful Moms to Be program
considered suitable?
Practicality
To what extent can the Mindful Moms to Be program be
carried out with participants using existing resources?
Demand
To what extent is there a demand for the Mindful Moms
to Be program?
Sustainability To what extent can the Mindful Moms to Be program be
sustained by participants?

Survey,
Interview
Survey,
Interview
Survey,
Interview
Survey,
Interview

T2
T2
T2
T2

2.4.2 Outcome Data
A 34-item survey included validated measures of mental health and wellbeing outcomes to
assess the preliminary efficacy of the Mindful Moms-to-Be program at T1 and T2. The following
validated instruments were included: the Edinburgh Postnatal Depression Scale (EPDS) [57], the
General Anxiety Disorder-7 (GAD-7) [58], the Cohen Perceived Stress Scale (PSS) [59], the Brief
Resilience Scale (BRS), and the Mindfulness Attention Awareness-5 (MAAS-5) [60]. Demographic
information was collected including marital status (married, single and never married, divorced or
separated), ethnicity (Hispanic or Non-Hispanic), race (Caucasian, African American, Asian or Pacific
Islander, or Other), employment status (employed full time, employed part time, working without
pay, unemployed, or student), total yearly household income (less than $25,000, $25,000-$49,999,
$50,000-$74,999, $75,000-$99,999, $100,000 or greater), number of children (no children, 1 child,
2 children, 3 or more children), age (continuous), and gestational age (continuous).
2.5 Data Analysis
2.5.1 Feasibility Data
Feasibility constructs were explored by triangulating the quantitative and qualitative data.
Frequencies and descriptive statistics were examined for all feasibility variables. Qualitative data
analysis was conducted by a Research Assistant and followed best practice methods, including a
deductive, theory-driven approach, and an inductive, data-driven approach [61, 62]. The codebook
contained a priori codes that align with the four general areas of feasibility mentioned above.
Inductive coding was also used to allow for discovery of unique themes related to the feasibility of
participation in remote MBIs specifically during COVID-19. The Research Assistant reviewed the data
with the study team iteratively. If dis-concordance on the meaning of the codes and themes were
present, a discussion occurred between team members to reach consensus on the coding structure.
NVIVO software [63] was used for all qualitative analyses.
2.5.2 Outcome Data
To explore preliminary changes in mental health and wellbeing outcomes after participating in
the Mindful Moms-to-Be program, frequency and descriptive statistics were explored related to
each of the outcomes specified above. Independent samples t-tests were used to compare
outcomes at T1 and T2 across individuals. Alpha (α) was set at 0.01. A more conservative correction
(e.g. Bonferroni) was not utilized to account for multiple comparisons because of the exploratory
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nature of this pilot study [64]. IBM SPSS Statistics for Windows, Version 26.0 (SPSS) [65] software
was used for statistical analysis.
3. Results
Demographic characteristics of the full sample collected at baseline (T1) are displayed in Table 2.
The average age of participants was 31 years and the average gestational age was 22 weeks. Most
of the sample (82%) were married; 15% of the sample were single and had never married and 4%
were divorced or separated. About 2/3 of participants (67%) were primiparous, 26% had one child,
and 7% had two children. Most (85%) participants identified as non-Hispanic white, 7% as African
American, 7% as Asian/Pacific Islander, and 4% as Hispanic. Most participants (82%) were employed
full-time. Household income varied; however, most participants (82%) reported a yearly household
income of $75,000 or more. Finally, the sample was highly educated; 11% of participants had
attended some college, 37% had a degree, and 52% had an advanced degree.
Table 2 Sample demographics of Mindful Moms-to-Be participants (n = 27).
n

%

Married
Single (never married)
Divorced or Separated

22
4
1

81.5
14.8
3.7

Hispanic
Not Hispanic

1
26

3.7
96.3

23
2
2

85.2
7.4
7.4

22
1
1
2
1

81.5
3.7
3.7
7.4
3.7

0
3
10
14

0.0
11.1
37.0
51.9

1
2
2

3.7
7.4
7.4

Marital Status

Ethnicity

Race
Caucasian
African American
Asian or Pacific Islander
Employment Status
Employed Full Time
Employed Part Time
Working without pay (e.g., childcare)
Unemployed
Student
Education
No College Degree
Some College
College Degree
Advanced Degree beyond College
Total Household Income
Less than $25,000
$25,00-$49,999
$50,000-$74,999
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$75,000-$99,999
$100,000 or greater
Number of Children
No Children
1 Child
2 Children
Age
Gestational Age

6
16

22.2
59.2

18
7
2
M
31.8
22.2

66.7
25.9
7.4
SD
3.1
6.3

Eleven participants participated in the feasibility aim of this study (brief survey and interview)
(41% of sample) and results are displayed in Table 3. All participants reported being satisfied (18%)
or very satisfied (82%) with the remotely delivered Mindful Moms-to-Be program. Additionally,
when asked about perceptions surrounding the acceptability of remote participation versus inperson participation, 27% said they did not think format would impact their satisfaction with the
program and almost half the sample (45%) reported that remote participation was more satisfying
than if they had participated in person. Approximately 1/3 of the sample reported preferring inperson delivery, 46% preferred remote delivery, and 18% reported no preference. As one
participant stated, “it’s just the world we live in now.” Participants reported that the synchronous
meeting sessions and daily meditation practices were most helpful, whereas the homework
assignments between sessions were least helpful.
Acceptability of remote programming may be related to an increased practicality associated with
remote delivery. In this sample, 36% of participants reported that remote participation did not
impact their ability to participate, 46% reported that it increased their ability to participate, and 18%
reported that remote facilitation significantly increased their ability to participate. Additionally, 91%
of the sample reported that their support system had a positive impact on their ability to practice
mindfulness and participate in the Mindful Moms-to-Be program. One participant stated: “I think
the virtual format was really comfortable to just be able to do from my own home.” Demand was
based on attendance at the weekly sessions and frequency of mindfulness practice engagement.
Over 50% of participants attended all six sessions, 6% attended 5 sessions, 25% attended 4 sessions,
and 18% attended half or less. However, some participants felt that additional sessions would have
been beneficial. One participant said, “My main suggestion would be to expand on either the
sessions or frequency of sessions to reinforce the practices and engage into topics a little more” and
another said, “I would have I would have liked to do more, like an eight week or more session.”
Additionally, 73% of the sample reported engaging in mindfulness activities at least 5 days a week
or more while participating in the Mindful Moms-to-be program.
Participants were asked how likely they were to sustain behaviors learned in the Mindful Momsto-Be program during the postpartum period. A majority (63%) of participants reported feeling
moderately or extremely likely to sustain the habits learned in the program after birth. Participants
reported that the following resources would help them to sustain behaviors in the postpartum
period: additional program sessions (82%), check-ins with facilitators (73%), online workshops or
information sessions (73%), trainings on topics related to mindfulness (64%), and electronic
information materials (45%). One participant said, “I appreciated learning about different strategies
that could be completed in two to three minutes, and I still use those nightly.”
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Table 3 Mixed methods feasibility data of mindful Moms to Be.
Construct

Quantitative

Qualitative

Meta Inference

Acceptability

Overall, how satisfied are you with
the Mindful Moms to Be
Program?
Satisfied
(18%)
Very Satisfied (82%)

"I had a positive experience. For me what was
helpful was the group part of the sessions,
getting to hear from other people, moms-to-be
and understanding what their anxieties are and
what they are struggling with. It was just helpful
to get perspective and it was also helpful to
have other people to empathize with."

The program overall was well received by
participants, and they appreciated being
part of a group while learning about
mindfulness.

Practicality

How was remote participation in
the program compared to if you
had
participated
in-person?
Somewhat
Worse
(27%)
About
the
same
(27%)
Somewhat
better
(27%)
Much Better (18%)

"I just have a better time in person, but I wasn’t
like ‘oh my god this is awful’ because it’s virtual.
That’s just the world we are in right now”
"I think it would’ve been easier to connect with
everybody else in person. It’s just kind of
awkward to connect with people online that
you haven’t really met, or you don’t know
previously"
"I think if we were in-person people maybe
would share more but also, I wouldn’t have
been able to do it if it was only in-person."

Participants generally felt comfortable with
remote participation, but there were a
variety of factors that appeared to impact
format preferences. The virtual setting
made it difficult for some participants to
make connections with others and have
organic conversations.

How did remote delivery of the
program impact your ability to
participate?
Did not impact ability to

"I think the virtual format was really
comfortable to just be able to do from my own
home."
"I don’t think I would have done it if it were in-

The virtual setting made it easier for
individuals to participate in the program
and may have reduced previous barriers to
attending in-person group programs.
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participate
(36%) person because it was too much of a
Increased ability to participate commitment."
(46%)
Significantly increased ability to
participate (18%)
Demand

Attendance
at
All
6
sessions
5
sessions
4
sessions
3 sessions or less (18%)

sessions "This isn't normal times. Normal opportunities
(51%) for childcare are different. It was just too hard
(6%) to figure out, and I didn't have the bandwidth."
(25%)

Only half of the sample attended all 6
sessions. External factors, such as childcare
or work, made it difficult for individuals to
attend all sessions.

Sustainability

How likely do you think you are to "I appreciated learning about different
sustain the habits you learned in strategies that could be completed in two to
the Mindful Moms to Be program three minutes, and I still use those nightly."
after giving birth?
"I do body scans, or I’ve done a couple. I did a
Somewhat likely (36%)
couple during labor."

Participants felt confident in sustaining
some of the practices that they learned in
the program. Individuals mentioned
different techniques that resonated with
them and types of supports that were useful
during birth and potentially in the
postpartum period.

Moderately likely (27%)
Extremely likely (36%)
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Outcome data related to the pre-post survey are displayed in Table 4 and Figure 1. After
participation in the Mindful Moms-to-Be program, mindfulness scores increased (t (26) = -1.07, p
= .30) and loneliness scores decreased (t (26) = 1.57, p = .15) though these changes were not
statistically significant. Participants reported statistically significant increases in resilience (t (26 = 3.89, p<.01) and statistically significant decreases in stress (t (26) = 3.45, p<.01), depression (t (26)
= 4.04), and anxiety (t (26) = 4.23, p<.01).
Table 4 Pre-Post changes in mental health- and wellbeing-related outcomes after
participating in the prenatal Mindful Moms-to-Be program (n = 27).

Variables

Post
Pre m(SD)
M(SD)

t

p

Cohen’s d

Mindfulness
Resiliency
Loneliness
Stress
Depression
Anxiety

20.0 (4.2)
3.2 (.7)
5.1 (1.9)
16.3 (5.4)
10.4 (4.8)
7.8 (4.9)

-1.07
-3.89
1.47
3.45
4.04
4.23

.30
.00
.15
.00
.00
.00

-.22
-.78
.29
.69
.81
.86

20.7 (4.6)
3.6 (.8)
4.6 (1.4)
13.0 (4.9)
6.8 (3.4)
4.5 (2.9)

95% CI for
Cohen’s d
Lower Upper
-.62
.19
-1.22
-.32
-.11
.69
.25
1.12
.35
1.26
.39
1.33

Figure 1 Mean change in key constructs after participation in the Mindful Moms-to-Be
program (n = 27).
4. Discussion
The purpose of this study was to present data on the feasibility and preliminary outcomes of a
remotely delivered pilot project that utilized MBCT and MBCP to promote perinatal mental health
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and wellbeing during COVID-19. The mixed methods findings suggest that remote participation in
the Mindful Moms-to-Be program is feasible and may lead to significant improvements in resilience,
stress, depression, and anxiety. All participants reported being satisfied with remote delivery of the
program and the majority reported that remote participation was either equally acceptable or more
acceptable than in-person participation. Additionally, individuals felt that the synchronous meeting
sessions were the most helpful component of the program. This is congruent with past findings
related to remote delivery of other prenatal offerings such as breastfeeding education programs
[66]. One study found that virtual delivery of childbirth education classes increased the demand for
these types of prenatal courses (even outside of COVID restrictions) [67]. This is also echoed by a
recent study that identified the increased utilization of essential prenatal care by telehealth delivery
methods [68]. Collectively, these data suggest that remote delivery may increase accessibility and
demand for MBIs during pregnancy.
Acceptability and practicality of remote participation may be closely correlated.
Most participants felt that remote participation increased their ability to participate.
Participating remotely in prenatal programs may remove barriers such as transportation challenges,
childcare, and time constraints [69]. Additionally, these data suggest that the presence of positive
social supports that promote participation in mindfulness-related practices may increase the
practicality of participation in prenatal wellbeing programs like Mindful Moms-to-Be. Similar studies
have identified the importance of partner, friend, and family supports in promoting engagement
and participation in prenatal wellbeing programs [70].
Demand for the program was high and about half of the sample reported preferring remote
delivery; 1/5 reported no preference. Though reported participation in daily mindfulness activities
throughout the course of the program was high, attendance rates were variable. Little research has
investigated the likelihood of sustaining prenatal wellbeing behaviors, specifically related to
mindfulness-based practices, after birth. Data from this study suggest that participants during the
prenatal period feel confident in their ability to sustain mindfulness behaviors in the postpartum
period. Additionally, programmatic sessions, follow-up meetings with facilitators, trainings and
additional electronic resources in the postpartum period specifically related to short, bite size
practices, may be the most beneficial with respect to mitigating depression and anxiety [54]. One
study similarly found that less time-consuming exercises were practiced more frequently
postpartum [71]. Data on the sustainability of these behaviors 3-months postpartum, including
postpartum mental health outcomes, will be analyzed and presented in a subsequent manuscript.
Preliminary outcome data suggests that the remotely delivered Mindful Moms-to-Be program
may have significant impacts on numerous mental health and wellbeing outcomes, including
resilience, depression, stress, and anxiety during the prenatal period among high SES, non-hispanic
white women. These findings are aligned with previously implemented MBIs’ impact on mental
health outcomes in both the perinatal and non-pregnant, adult population [47, 72]. Contrary to our
hypothesis, the program did not appear to increase measures of mindfulness. Future research is
needed with a larger and more diverse sample size to investigate mediating factors that may impact
improvements in mental health and wellbeing outcomes during pregnancy. Additionally, qualitative
data will help to extrapolate specifically how perinatal MBI’s are bolstering maternal mental health.
Strengths of this study include: 1) the focus on multiple mental health outcomes, including
anxiety, instead of a sole focus on perinatal depression, 2) feasibility data related to remote
participation in MBIs among a prenatal sample, and 3) the use of mixed methods. Limitations
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include a small sample size, a convenience sample, and lack of heterogeneity with respect to
socioeconomic status, race, and ethnicity. These factors may limit the generalizability of these data,
though our findings align with past studies suggesting that implications may translate to other highresourced pregnant women.
These findings imply that remotely delivered MBIs during pregnancy may be acceptable and
practical for pregnant individuals, increase demand, and potentially lead to sustainable changes in
the postpartum period. Remote participation may eliminate barriers related to time constraints,
childcare, discomfort, and transportation-related challenges and bolster engagement. Mindful
Moms-to-Be may be particularly protective for pregnant individuals during COVID-19 specifically
because of the significant impact on mental health outcomes, including anxiety. However,
additional quantitative and qualitative data is needed to better explore how these findings may or
may not translate to more diverse populations and specific barriers related to the feasibility of
participation in remotely-delivered MBIs among low-SES and minority women. These data highlight
the need for future research to explore the impacts of the remote Mindful Moms-to-Be program
with more heterogenous samples and sustained postpartum impacts among perinatal populations.
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Abstract
Hospice care workers are exposed to the hazards associated with in-home care in
uncontrollable environments as well as occupational stress related to caring for terminally ill
patients and their families. This study aimed to assess the effectiveness of an abbreviated
mindfulness intervention to improve hospice care worker occupational safety performance
and well-being. This study used a single-group pre-post design to pilot test an 18-hour
mindfulness training as an intervention on self-reported safety performance and well-being
among 13 hospice care workers in Colorado. Participants reported statistically increased
levels of safety compliance, one component of safety performance, and subjective well-being
following the abbreviated mindfulness intervention in comparison to baseline. The findings
that mindfulness training can improve self-reported safety compliance and well-being among
hospice workers support further testing of the use of abbreviated mindfulness trainings within
hospice care organizations to promote worker safety and well-being.
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1. Introduction
Statement of the Problem. Occupational health and safety and stress represent significant public
health problems among hospice care workers, who are exposed to the hazards associated with inhome care in uncontrollable environments [1] as well as the occupational stressors of caring for
terminally ill patients and their families [2].
Mindfulness training, which aims to increase present-focused nonjudgmental awareness among
participants [3], has become an increasingly common component of workplace wellness programs
[4-6]. Recent meta-analyses of workplace mindfulness-based intervention found that a growing
body of evidence that suggests that mindfulness can reduce stress, improve well-being and
components of job performance [7, 8]. Research on health care workers has shown to increase
worker well-being [9-11]. While a growing body of evidence supports the positive impact of
mindfulness training on the well-being of the broader healthcare provider workforce, only a small
subset of these studies focuses on hospice care workers. Studies on mindfulness among hospice
care workers suggest that brief mindfulness training lessens anxiety, compassion fatigue [12], and
factors that lead to burnout, such as depersonalization [13].
Research on the relationship between mindfulness and occupational safety outcomes is in its
nascency and largely relies on cross-sectional survey research, e.g. [14-16]. Our early research on
the impact of mindfulness training on occupational safety [17] found that the gold standard of
mindfulness training, Mindfulness-Based Stress Reduction (MBSR), significantly improved safety
compliance. However, participants viewed the MBSR course, which consists of 36-hours of training
as too time intensive and impractical for healthcare workers [17].
1.1 Purpose
This study used a single-group pre-post design to pilot test the impact of an abbreviated
mindfulness training on hospice care worker safety and well-being.
This study had two hypotheses:
Hypothesis 1: The brief mindfulness intervention will increase study participants’ workplace
safety performance.
Hypothesis 2: The brief mindfulness intervention will increase study participants’ overall wellbeing.
This study contributes to the understanding of the relationship between mindfulness and worker
safety performance and well-being in the hospice care setting.
2. Materials & Methods
Participants were recruited from a Colorado-based hospice care organization that provides inhome and in-patient care services to people with serious long-term illnesses, those navigating the
last months of life, and supportive services to their families. To recruit participants, the study team
posted promotional flyers in the staff break room, and the organization’s administration team sent
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promotional materials with the description of the study by email to all employees of the
organization and invited employees to participate at staff meetings.
The intervention, modified from Fortney and colleagues [9] included five group mindfulness
training sessions in May and June 2016. Three of the sessions occurred over an-intensive weekend
outside of work and two additional sessions occurred at work. The 18-hour training was designed
to teach participants to incorporate mindfulness into their daily lives at work and outside of work.
Participants received instruction in mindfulness practices including walking meditation, sitting
meditation focusing on breathing, body scans, gentle yoga, and guided visualizations. The training
sessions also contained an overview of evidence on mindfulness training and hospice-care specific
recommendations. During group discussions, participants were encouraged to share their
experiences in adopting the mindfulness practices at work and outside of work. The training was
led by a physician facilitator experienced in leading mindfulness training. The study was reviewed
and approved by the Colorado State University Institutional Review Board.
2.1 Data Collection & Measures
Participants completed surveys at baseline and after the mindfulness training. Demographic
variables including age, gender, race and ethnicity, provider type, and prior experience with
mindfulness practices were assessed at baseline. Mindfulness, safety performance, and well-being
were assessed at baseline and post-intervention.
As a manipulation check, we measured mindfulness using the Brief Five Facets of Mindfulness
Questionnaire [18] which measures acting with awareness, describing, non-reactivity, nonjudgment of inner experiences, and observing on a 5-point scale ranging from “never or rarely true”
to “very often or always true.”
2.2 Outcome Measures
We used Neal, Griffin, and Hart’s [19] 8-item measure of workplace safety performance that
assesses safety compliance (e.g., “I use the correct safety procedures for carrying out my job”) and
safety participation (e.g., “I voluntarily carry out tasks or activities that help to improve workplace
safety”) on a 5-point scale ranging from “Strongly Disagree” to “Strongly Agree.” Although many
studies have examined safety performance as a unidimensional composite variable, Griffin and
Neal’s research findings [20] suggest that safety compliance and participation offer distinct facets
of safety performance. As such, we assessed the facets separately. We assessed participants’
subjective well-being using Diener et al.’s [21] 8-item flourishing scale (e.g., “I lead a purposeful and
meaningful life”) on a 5-point scale ranging from “Strongly Disagree” to “Strongly Agree.”
Participants also answered a series of open-ended questions in the post-intervention survey
about their perceptions of the impact of the training on their lives.
2.3 Statistical Analyses
Mean scores of study variables were calculated for participants at baseline and post-intervention.
We tested the study variables for normality using Kolmogorov-Smirnov and Shapiro-Wilk tests. For
all variables, the p-values were larger than 0.05, suggesting that there is no reason to think that our
data differs significantly from a normal distribution. Three paired t-tests were used to compare
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participants’ mean safety participation, safety compliance, and subjective well-being scores from
baseline to post-intervention. An adjusted alpha rate of .013 was used to control for multiple
comparisons. We used SPSS version 22 (IBM) to analyze the data.
3. Results
3.1 Participants
Thirteen Caucasian female hospice workers participated in the study. Ages of participants ranged
from 33-years-old to 65-years-old, with a median age of 49 years. Participants held a mix of roles in
hospice care, including, grief counselor, RN (In-home care and in-patient care), music therapist,
dispatcher, and chaplain. Of the 13 participants, nine reported practicing meditation prior to the
study, and 11 reported practicing yoga prior to the study.
One participant did not complete the post-survey and was excluded from the analysis. There
were no other missing data.
3.2 Participation in the Intervention
Of the 13 participants, nine attended all five mindfulness training sessions, and the remaining
four participants attended four of the five sessions. Reasons cited for missing a session included
personal or family illness, work obligations, and other commitments outside of work.
3.3 Change in Mindfulness
There was an increase in participants’ mindfulness scores, although the increases in the describe
and non-reactivity facets of mindfulness weren’t statistically significant (see Table 1). This analysis,
done as a manipulation check, indicates that the intervention resulted in changes in mindfulness
scores in the expected direction.
Table 1 Means, Standard Deviations, and Paired T-Test Results of Baseline (May 2016)
and Post-Intervention (June 2016) Mindfulness, Safety Performance, and Well-being.
Baseline
M [SD]

Post-Intervention
M [SD]

df

T

Sig.

Describe

3.55 [0.53]

3.77 [0.58]

11

-1.82

.097

Non-Reactivity

3.13 [0.39]

3.4 [0.49]

11

-2.07

.063

Non-Judgment

3.58 [0.52]

4.17 [0.41]

11

-5.12

<.001

Observe

4.04 [0.55]

4.38 [0.38]

11

-3.55

.005

Act with Awareness 3.01 [0.54]

3.45 [0.42]

11

-3.03

.012

3.81 [0.54]

4.27 [0.71]

11

-3.07

.011

Safety Participation 3.29 [0.47]

3.81 [0.62]

11

-2.01

.069

Mindfulness

Safety Performance
Safety Compliance
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Well-Being

4.02 [0.20]

4.44 [0.44]

11

-3.25

.008

Note. M = mean; SD = Standard Deviation; df = degrees of freedom; T = T-statistic; sig = p-value.
Mindfulness was measured on a 5-point scale with higher scores representing more mindful [18].
Safety performance (including safety compliance and participation) was measured on a 5-point
scale [19] with higher score representing increased safety compliance or participation. Wellbeing was measured on a 5-point scale [21] with higher score representing higher well-being.

3.4 Changes in Key Outcomes
There was a significant increase in participants’ mean safety compliance scores from baseline (M
= 3.81, SD = 0.54) to post-intervention (M = 4.27, SD = 0.71); t (11) = -3.07, p = .011. Although
participants’ mean safety participation scores increased from baseline (M = 3.29, SD = 0.47) to postintervention (M = 3.81, SD = 0.62), this change was not significant t (11) = -2.01, p = .069. These
findings partially supported Hypothesis 1, which predicted that participants would have an increase
in their workplace safety performance.
There was also a significant increase in participants’ mean subjective well-being scores from
baseline (M = 4.02, SD = 0.20) to post-intervention (M = 4.44, SD = 0.44); t (11) = -3.25, p = .008.
These findings supported the study’s Hypothesis 2 that the brief mindfulness intervention will
increase study participants’ overall well-being.
In addition to the measures on key outcomes, participants shared how the mindfulness training
impacted their lives. They described how the training led to positive internal changes. For example,
one participant wrote, “I find myself being more in tune with my surroundings, I have noticed I eat
my food more mindfully and slowly. When I do practice sitting meditation, I find my sense of ease is
greatly enhanced. I seem to have a lightness about me. I have noticed I don't feel as rushed during
my day even though I have just as much to do.”
Other participants described improvements in their interactions with their families, co-workers,
and patients. For example, one participant wrote, “I think I am more present to my clients and can
help them in anxiety and stress reduction by practicing the techniques I learned. I am "paying it
forward" to help others.” Another wrote, “Being with a group of coworkers all interested in exploring
mindfulness has impacted my work relationships with those people in a very positive way.”
One participant stated that she didn’t experience positive changes at work because of the
unchanged demands at work, stating, “Sadly I haven’t really had positive changes at work. Maybe
some breathing when stressed with too much work. Often our case load leaves no time for much
else. My last four shifts have been 12 hours of non-stop. I eat in the car on the way to my next visit.
I get no lunch break.”
Following the intervention, the participants advocated for continued mindfulness training for
staff. In response, the organization dedicated space for employees to practice mindfulness during
work and continued offering group mindfulness practice sessions.
4. Discussion
This pilot study of an 18-hour mindfulness intervention among 13 hospice care workers found
that mindfulness training can improve self-reported safety compliance and subjective well-being.
Consistent with our prior study on mindfulness training and safety performance [17], this study
found that mindfulness training only significantly increased the safety compliance component of
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safety performance, which involves following safety rules and regulations. The increases in mean
scores by a third to half of a point represents a meaningful change. For example, the mean score for
safety compliance increased from 3.81, which represents sometimes following safety guidelines, to
4.27, which represents usually following safety guidelines.
There was a non-significant increase on safety participation. This may be due to this study’s small
sample size or that safety participation requires more active advocacy of safety within the
workplace that goes beyond internal changes that mindfulness sparks.
This study’s findings align with the growing body of evidence that suggests mindfulness training
positively impacts health care worker well-being [9-11]. The Covid-19 pandemic has increased
demand for hospice care workers while simultaneously increasing their workloads and potential for
exposure to illness, which has compounded strains experienced on the job [22]. This underscores
the critical need for continued and increased efforts to improve health care worker well-being that
include hospice care workers.
The results of this study’s manipulation check found increases in all five mindfulness facets
among participants. However, the increases in the describe and non-reactivity facets of mindfulness
weren’t statistically significant. A recent systematic review of randomized controlled trials on
mindfulness training among health care workers found that 15 studies reported training resulted in
significant increases the mindfulness facets except for non-reactivity [11]. The authors of the review
hypothesized that some facets of mindfulness, like non-reactivity, may take longer to develop while
noting that existing literature does not explore the relationships between individual facets of
mindfulness and key outcomes. While this study was not designed to explore relationships between
changes in individual mindfulness facets and workplace safety and wellbeing, we would expect that
each of the facets would uniquely benefit the well-being of hospice care workers while also
impacting the quality of care they provide.
4.1 Limitations and Future Research
The results of this pilot study are limited by its reliance on a small sample of hospice workers
from a single hospice organization, its lack of comparison group, and lack of long-term follow-up.
The study used self-reported proximal outcomes for occupational safety and did not address
organizational safety factors. Additionally, the sample included volunteers who were highly
motivated to learn mindfulness practices, and many came into the study with prior experience
practicing mindfulness and yoga. We were unable to conduct multivariate analyses to examine
differences in the intervention’s effectiveness by participant characteristics such as gender and
racial identities due to both the small sample size and the homogeneous sample.
Future research can build on this study to investigate the role of mindfulness practice on both
individual and organizational factors related to occupational safety and well-being among hospice
care workers. Additionally, more research exploring the role of mindfulness training components
on individual mindfulness facets and subsequent psychological outcomes would help reveal the
underlying mechanism in mindfulness training and aid in training development.
4.2 Practical Implications
The findings of this study suggest that mindfulness training can be used within hospice care
organizations as an intervention that can impact workplace safety and overall worker well-being
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among hospice care workers.
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Abstract
Traditional yoga encompasses a variety of practices, such as postures, breathing techniques,
meditation, and ethical teachings. However, little is known about how different components
of yoga contribute to its overall effect. In this meta-synthesis, we comprehensively
summarized the current evidence on differential and incremental effects of various yoga
components collected from available meta-analyses. For this meta-analysis, we searched
Medline/PubMed, Scopus, PsychInfo, and the Cochrane Library in July 2021. We selected only
meta-analyses that performed subgroup analyses comparing the effects of different yoga
components. There were no restrictions regarding yoga type, study population, or outcome
variables. Nineteen meta-analyses were identified that evaluated a multitude of variables.
These meta-analyses varied greatly with regard to population, study design, and yoga
components under investigation. However, combined interventions incorporating multiple
components consistently outperformed simple interventions. In this regard, adding breathing
© 2021 by the author. This is an open access article distributed under the
conditions of the Creative Commons by Attribution License, which permits
unrestricted use, distribution, and reproduction in any medium or format,
provided the original work is correctly cited.
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and/or meditation practices to yoga interventions proved particularly beneficial. However,
specific components or combinations were more effective in enhancing certain variables or
clinical conditions, suggesting a need for customized programs. Comparable multi-component
mind–body interventions, such as yoga and mindfulness-based stress reduction, were often
equally efficient. Nevertheless, most findings are preliminary, and certain components such
as the ethical part of yoga are particularly under-researched.
Conclusion: Future studies should isolate and compare all components of yoga and evaluate
additive effects by investigating their different combinations. The researchers should refer to
theoretical frameworks, use rigorous methodology, and consider individual factors.
Keywords
Yoga components; mind–body interventions; postures; breathing practices; meditation;
ethics

1. Introduction
With an increasing number of people practicing yoga, it has emerged as one of the most widely
practiced mind–body interventions in the West [1, 2]. It is commonly used for preventing stress and
relaxing the body and mind [3, 4]. An increasing number of studies are acknowledging the positive
effects of yoga on alleviating stress [5, 6] and promoting mental and physical health [7-9]. However,
yoga encompasses a variety of practices, and it is unclear how these practices contribute to the
overall effect of yoga. The ancient discipline of yoga originated in India and includes diverse
practices such as ethical teachings (yamas and niyamas), physical postures (asana), breathing
techniques (pranayama), and meditation techniques (pratyahara, dharana, dhyana, and samadhi)
[10, 11]. Research has shown that these practices can produce considerably different effects [1214]. Conversely, comparative and in-depth studies into the differential and incremental effects of
yoga components are scarce. Furthermore, previous research often suffered from poor
methodological quality and high heterogeneity among yoga interventions. Thus, more studies are
warranted to evaluate and disentangle the effects of different components of yoga [15-18].
Recent theoretical proposals have delineated possible working mechanisms of various yoga
components. For instance, Gard et al. [15] proposed an integrative framework and
neurophysiological network model of yoga that focused on the enhancement of top-down and
bottom-up self-regulatory mechanisms. The authors posited that yoga can be broken down into a
skillset of four major tools, namely, ethics, postures, breath regulation, and meditation. All four
tools contribute to optimizing self-regulation and developing an adaptive stress response. In their
model, ethical beliefs promote the top-down initiation, monitoring, and maintenance of behavioral
change. In contrast, postures, breath regulation, and meditation elicit both top-down and,
particularly, bottom-up processes. The sustained practice of meditation and “meditation in motion”
during posture and breath practices facilitates top-down attention control, which eventually
supports behavioral change. In addition, the aspect of the embodiment in these practices enhances
the bottom-up processes of sensory awareness, viscerosomatic integration, and parasympathetic
control. With continued practice, these regulatory pathways are believed to become more
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automatized, leading to increased cognitive, emotional, and behavioral regulation and psychological
and physical well-being. In the context of yoga components, meditation often refers to sitting
meditation, referring to Patanjali’s eight limbs, and distinguishing it from yoga postures [11].
However, yoga postures are sometimes described as a meditative movement [15]. Current research
has delineated meditation with movement as a rightful category of meditation in itself [19]. Yet, in
this synthesis, we will conform with the traditional interpretation of meditation as sitting meditation.
Two other proposals have described yoga as either a modern psychophysiological therapeutic
practice consisting of movement-, breath-, and attention-based techniques [18] or an ethically
grounded, transformational process of exploring values, causes of suffering, and eudaemonic wellbeing [20]. Schmalzl et al. [18] outlined the bottom-up neurophysiological and top-down
neurocognitive processes affected by yoga movement, breath, and attention practices,
independent of the traditional or ethical background. In contrast, Sullivan et al. [20] delineated how
the ethical first-person inquiry through yamas and niyamas leads to an intentional reorientation of
the identity, meaning, and purpose in life. Postures, breath regulation, and meditation can support
the shifting from the experience of suffering to the experience of eudaemonic well-being.
These proposals strongly encourage the empirical investigation and systematic evaluation of the
hypothesized links and mechanisms. These specifically suggest conducting longitudinal,
comparative, or dismantling studies. However, the heterogeneity of yoga styles and the multitude
of possible “active ingredients” in yoga and their manifold interactions make the investigation of its
components challenging. Modern styles of yoga vary considerably with respect to the level of
emphasis placed on various components. Although certain styles primarily focus on postures and
breathing practices (e.g., Iyengar, Hatha), others comprise mainly breathing practices (e.g.,
Sudarshan Kriya) or meditation (e.g., Sahaja). Some styles include mantras and chanting (e.g.,
Kundalini), whereas others integrate and synthesize as many aspects and components as possible
(e.g., Kripalu). Almost all styles end their yoga practice with a period of deep relaxation in a supine
position (shavasana). McCrary provides an overview of different yoga styles [21]. Scientific yoga
interventions mirror this diversity of styles, making it hard to reliably conclude about the relative
effects or importance of each yoga component.
1.1 Evidence from Comparative Studies
Previous yoga studies have evaluated and partially compared postures, breathing techniques,
relaxation, chanting, meditation, and ethical education. These studies vary greatly in the degree of
specificity and disassembling of components and practices under investigation. Certain studies
compared, for example, very specific breathing practices to each other [22, 23], whereas others
compared rather complex yoga interventions to meditation or relaxation techniques [24, 25] or
stress management programs [26, 27]. Still, other studies more specifically examined the
inclusion/exclusion of specific yoga components or different combinations of postures, breathing
practice, and/or meditation [12, 14, 28-30] with often inconclusive results. The majority of studies
investigated the effects of more or less intense yoga interventions of mostly 6 to 12 weeks, although
certain studies compared single sessions of different yoga components [31, 32]. Furthermore, there
existed variations regarding outcome variables, the intensity of treatments, methodological quality,
sample size, and population, undermining the possibility of generalizing their findings.
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Interestingly, a review of the available comparative studies revealed that combined interventions
seemed more effective than simple interventions. Comparative treatments in a given study were
often equal in length. Nonetheless, outcomes were better for treatments combining several
elements of yoga practice [14, 27, 29, 31, 33-40]. Combined treatments improved depression,
anxiety, mood, sleep latency, interoceptive awareness, mindfulness, emotion and self-regulation,
and physiological markers of stress.
However, findings were not always consistent, indicating a mixed state of affairs. Certain studies
reported no difference between yoga interventions and progressive muscle relaxation [25], stress
management [26, 41], or different forms of (mindfulness) meditation [42, 43] on similar outcome
variables. In these cases, the effect was the same in both simple and combined interventions.
Additionally, a multi-component mindfulness intervention exerted a greater effect on working
memory capacity than a multi-component yoga intervention [24]. Interestingly, in the latter study,
stress and anxiety scores improved for all conditions, including the waitlist control. Thus, this
amelioration could not be attributed to the “active ingredients” of the two treatments. Nonetheless,
a comparison of simple meditation treatments to multi-component yoga interventions showed that
the latter was more effective in improving obsessive–compulsive pathology and mood [37, 38].
Another study reported that a combination of yoga and physical exercise outperformed both single
treatments in enhancing well-being and reducing anxiety and stress [44]. Yet, in this study, this could
be ascribed to higher dosage and exercise time in the combined treatment. Interestingly,
customized treatments such as cognitive–behavioral therapy for a generalized anxiety disorder or
self-hypnosis for cancer patients were more effective than combined yoga treatments [45, 46].
Frequently, the combined yoga treatments mentioned above included certain forms of yoga
postures or breathing techniques; the latter appeared to be particularly relevant. For example,
Bhavanani et al. [47] found that yoga breathing practice was more effective than yoga postures in
enhancing reaction to visual stimuli. In addition, breathing practice helped dental students stay calm
during their first surgical procedure more than a short stress-management lecture [36]. Schmalzl et
al. [30] compared a movement-based yoga intervention to a breathing-based yoga intervention and
found that both treatments reduced stress and salivary cortisol; however, sustained attention only
improved in the breathing-based intervention. Similarly, incorporating a breathing practice into a
combined yoga treatment was more effective in reducing stress and increasing mindfulness than
including a visualization meditation technique [28]. In contrast, Vasanthan et al. [48] found that 6
months of either yoga postures or breathing practices equally improved cardiovascular autonomic
functions. Yoga involves diverse breathing techniques with considerably different, and sometimes
even opposing, effects on practitioners [22, 23]. Brown and Gerbarg [49] studied different breathing
techniques and their psychological, physiological, and neurological effects and proposed an
integrative neurophysiologic model.
Previous studies compared different treatments to each other, such as multi-component yoga
programs and stress-reduction or mindfulness programs. Only a few truly contrasted isolated
components of yoga practice, such as yoga postures versus breathing practice [14, 47, 48], or supine
meditation versus supine relaxation [50], with often inconclusive results. A few studies used an
incremental design to compare the same intervention but removed or added a specific component
to it. In most cases, the more complex treatment was superior to the reduced one [34, 35, 39]. Two
of these studies explicitly examined the effects of adding an ethical education component to a yoga
or meditation intervention. Smith et al. [39] reported a higher efficiency of the ethical yoga
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intervention in decreasing anxiety and salivary cortisol. Similarly, Matko et al. [34] reported that
ethical education significantly enhanced the well-being of participants. According to traditional yoga
experts, yoga should be practiced in its entirety, including its ethical aspects [51]. Similarly, a panel
of experienced yoga teachers deemed the cultivation of positive values, attitudes, and behaviors
important or essential for alleviating mental health conditions [52]. Thus, research findings are
equivocal and more studies are required to evaluate yoga in its completeness and disentangle the
specific effects of yoga ethics, postures, breathing practices, and meditation. In addition, each
component of yoga interventions should be accurately described to facilitate the comparison
between studies using, for example, the specifically developed Essential Properties of Yoga
Questionnaire (EPYQ; [53]).
1.2 The Present Meta-Synthesis
Numerous meta-analyses and reviews have in the past attempted to synthesize the vast number
of yoga studies; however, these suffered from heterogeneity and the lack of methodological rigor.
Meta-analyses overcome the limitations of single studies as they aggregate the effects of multiple
studies, thereby allowing more robust statements concerning the effects of different yoga
components. However, only a few meta-analyses explicitly conducted subgroup analyses of studies
with varying yoga components. These summaries are of particular relevance to understanding yoga
practice as a whole as well as for the development of interventions tailored to the needs of specific
clinical and non-clinical populations [17, 18].
This meta-synthesis summarizes the current evidence on the differential and incremental effects
of various yoga components. We conducted a systematic review of all available meta-analyses that
have conducted subgroup analyses based on the inclusion or exclusion of specific yoga components.
This process was based on the theoretical framework proposed by Gard et al. [15], which delineates
yoga postures, breathing practices, meditation, and ethics as the main components of yoga practice.
In addition, we included meta-analyses that compared studies on yoga and studies on mindfulnessbased interventions, such as mindfulness-based stress reduction (MBSR; [54]) or its derivatives.
MBSR is one of the most researched mind–body interventions to date. It combines mindfulness
meditation and certain components of Buddhist practice with yoga postures and movement
practices. Thus, its multi-component structure is comparable to that of traditional yoga. Lately,
several attempts have been made to dismantle and evaluate single components of MBSR
interventions. Two studies asked participants to log their respective daily practice times of each
component. In one study [55], yoga practice time was more strongly related to improvements in
mindfulness, perceived stress, anxiety, and psychological well-being than formal sitting meditation.
Gallegos et al. [56] found that both yoga practice and sitting meditation time were associated with
a higher posttreatment insulin-like growth factor; however, only yoga significantly increased
positive affect. Other studies evaluated different components of MBSR by comparing active
treatment groups and reported differential effects of yoga postures and diverse meditation
techniques [13, 57-60]. In two of these studies, the yoga component reduced stress or increased
well-being more than the meditative components [13, 58]. Therefore, it appeared promising to
compare and evaluate the components of mind–body interventions that shared similar practices,
such as yoga and mindfulness-based interventions. With this approach, we aim to shed light on the
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undeniable diversity in yoga research and support future research efforts on evaluating yoga
components.
2. Methods
2.1 Literature Search
The meta-synthesis was planned and conducted in accordance with the recommended
procedures for research syntheses [61]. A systematic literature search was performed in July 2021
using the databases Medline/PubMed, Scopus, PsychINFO, and the Cochrane Library. The following
search strategy was used for all databases: (“Yoga” [Title] AND “Meta-analysis” [Title]). After
removing the duplicate entries, the search yielded 125 potentially relevant meta-analyses (Figure
1). Next, protocols, comments, corrections, and reprints of meta-analyses were excluded, and 108
full-text meta-analyses were assessed for eligibility.

Figure 1 Flow diagram showing the search strategy.
2.2 Eligibility Criteria
All meta-analyses on the effects of yoga were considered eligible if they conducted relevant
subgroup analyses that compared different yoga components. These yoga components could be
postures/asana,
breathing
practice/pranayama,
meditation/dhyana/mindfulness,
education/ethics/philosophy/yamas/niyamas. Meta-analyses contrasting yoga and mindfulnessbased approaches were eligible when they differentiated both types of practice in the subgroup
analyses. There were no restrictions regarding the yoga type, study population, or outcome
variables.
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2.3 Synthesis of Results
Nineteen meta-analyses were examined and synthesized descriptively. The first author (KM) read
all meta-analyses and extracted the study population, the number and designs of the included
studies, the major effects reported in each meta-analysis, and the results of relevant subgroup
analyses. Only subgroup analyses related to the differential effects of different yoga components
were included in this overview. Next, KM deduced a primary conclusion for each meta-analysis in
dialogue with all coauthors. Finally, the results of this systematic analysis were summarized and
evaluated narratively.
3. Results
Table 1 provides an overview of all 19 meta-analyses summarized in this synthesis. These vary
with regard to the outcome variables, population, sample size, study design of included studies,
control groups, and yoga components under investigation in the subgroup analyses. The effect sizes
of subgroup analyses that yielded significant differences are given in parentheses in the form of
(with component vs. without component) if they were reported in the respective meta-analyses.
The effect sizes that were not reported are marked as such (n.r.).
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Table 1 Results of previous meta-analyses that compared different components of yoga.
Meta-analysis
Population/outcome
Breedvelt et al. College
[5]
students/depression,
anxiety, stress

Sample
23 RCTs
(n = 1,373)

Chimiklis et al. Youth with ADHD/
[62]
ADHD symptoms,
executive function
deficits, social
functioning

11 studies
(n = 251)

Mean effects
Yoga, meditation, mindfulness,
and MBSR interventions
g = 0.61 (overall)
g = 0.42 (depression)
g = 0.46 (anxiety)
g = 0.42 (stress)
g = 0.61 (overall pooled effect)
g = 0.52 (waitlist control)
g = 0.39 (no treatment)
g = 0.13 (active control, n.s.)
Yoga, meditation, and
mindfulness-based interventions
ADHD symptoms:
g = 0.57 (parent reported)/g =
0.23 (teacher reported)
Inattention and attention
problems:
g = 0.35/g = 0.31
Hyperactivity:
g = 0.39/g = 0.22
On-task behavior:
g = 1.22 (researcher reported)
Executive function (teacher
report):
g = 0.31 (metacognitive; n.s.)

Subgroup analyses
No differences between
yoga,
meditation,
mindfulness, and MBSR
interventions

Conclusion
No
differences
between
combined
interventions

Mindfulness-based
Combined
interventions (e.g., MBSR, intervention
is
MBCT) had a greater effect more effective
on hyperactivity than yoga
interventions alone or
combined
yoga
plus
meditation interventions
(n.r.); other measures
improved across all types of
interventions
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Meta-analysis

Population/outcome

Sample

Cramer et al. [63]

COPD/
Quality of life,
dyspnea, exercise
capacity, pulmonary
function

11 RCTs
(n = 586)

Cramer et al. [64]

Hypertension/blood
pressure

7 RCTs
(n = 452)

Mean effects
g = 0.67 (behavioral)
Child-parent relationship:
g = 0.50 (child reported)
Parent mindfulness:
g = 0.31 (n.s.)
Parent stress:
g = 0.44
Yoga compared to no treatment:
SMD = 0.57 (quality of life, n.s.)
SMD = -0.23 (dyspnea, n.s.)
SMD = 0.54 (exercise capacity)
SMD = 0.47 (forced expiratory
volume in one second, n.s.)
Positive effects on the quality of
life, exercise capacity, and
predicted forced expiratory
volume in 1 s when analyses
were limited to studies using the
same COPD assessment test.
Yoga compared to usual care:
MD = -9.65 (systolic BP)
MD = -7.22 (diastolic BP)
Yoga compared to exercise:
No difference

Subgroup analyses

Conclusion

Breathing-based
yoga
interventions had positive
effects on dyspnea (SMD = 0.43), exercise capacity (MD
= 22.74), and predicted
forced expiratory volume in
1 s (MD = 3.97) compared to
no treatment; complex yoga
interventions had positive
effects only on exercise
capacity (n.r.).

Breathing is more
effective
than
other
combinations

One breathing-based yoga Breathing is more
intervention that did not effective
than
include postures (without P) postures.
was more effective (systolic:
MD = –6.56; diastolic: MD =
–3.42) than interventions
that did (with P) (MD = –
10.43 n.s.; MD = –8.20 n.s.)
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Meta-analysis
Cramer et al. [65]

Population/outcome
Chronic neck pain/pain
intensity, pain-related
disability, quality of
life, mood

Sample
3 RCTs
(n = 188)

Cramer et al. [66]

Depressive disorder or 12 RCTs
elevated levels of
(n = 619)
depression/depression,
anxiety

Cramer et al. [67]

Asthma/asthma
control, symptoms,
quality of life,
pulmonary function

14 RCTs
(n = 824)

Mean effects
Yoga compared to usual care:
SMD = –1.28 (pain intensity)
SMD = –0.97 (pain-related
disability)
SMD = 0.57 (quality of life)
SMD = –1.02 (mood)
Yoga compared to usual care:
SMD = –0.69 (depression)
SMD = –0.00 (anxiety, n.s.)
Yoga compared to relaxation:
SMD = –0.39 (depression)
SMD = –0.79 (anxiety)
Yoga compared to aerobic
exercise:
SMD = –0.59 (depression)

Yoga compared to usual care:
Risk ratio = 10.64 (asthma
control)
SMD = –0.37 (asthma symptoms)
SMD = 0.86 (quality of life)
SMD = 0.49 (peak expiratory
flow)
Yoga compared to psychological
interventions:
SMD = 0.61 (quality of life)

Subgroup analyses
No differences in effects
between
exercise-based
(with P) and meditationbased (without P) yoga
interventions.

Conclusion
No
difference
between
yoga
postures
and
meditation.

Yoga interventions based on
meditation
and/or
breathing (without P) were
more effective for reducing
depressive symptoms (SMD
= –0.62) and anxiety (SMD =
–0.79) than exercise-based
(SMD = –0.36 n.s.; SMD = –
0.00 n.s.) or combined yoga
interventions (with p) (SMD
= –0.42 n.s.; anxiety n.r.).
Combined (P, B, M) and
breathing-based
yoga
interventions were similarly
effective,
whereas
meditation-based yoga was
not effective (n.r.).

Meditation
and/or breathing
are more effective
than postures.

Combined
interventions
(especially
breathing)
are
more effective.
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Meta-analysis

Population/outcome

Sample

Ewais et al. [68]

Inflammatory bowel
disease/psychosocial
and physical outcomes

8 RCTs
(n = 501)

Gong et al. [69]

Prenatal
depression/depression

6 RCTs
(n = 375)

Mean effects
SMD = 2.87 (peak expiratory flow
rate)
Yoga compared to stretching or
breathing exercises:
No difference
Mindfulness-based, mindfulness,
and yoga interventions
Stress:
SMD = –0.48 (short term )/SMD =
–0.55 (long term)
Depression:
SMD = –0.29 (n.s.)/SMD = -0.36
Quality of life:
SMD = 0.22 (n.s.)/SMD = 0.38
Anxiety:
SMD = –0.19 (n.s.)/SMD = –0.27
(n.s.)
No effect on physical outcomes.
Yoga compared to active control:
SMD = -0.59 (prenatal
depression)

Subgroup analyses

Conclusion

Yoga and mindfulness Yoga is
interventions were both effective
effective in reducing stress MBSR.
and improving quality of
life, but one yoga study
outperformed
three
mindfulness studies in
decreasing
depression
(SMD = –0.68 vs. SMD =
0.01) and anxiety (SMD = –
0.36 vs. SMD = 0.06) scores.

more
than

Combined
yoga Combined
interventions (P + R/B/M) interventions are
significantly reduced the more effective.
level of prenatal depression
(SMD = -0.79), whereas
exercise-based yoga (P) did
not (SMD = -0.41 n.s.).
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Meta-analysis
Population/outcome
Gothe & McAuley Any
[70]
population/cognitive
function

Hagins et al. [71]

Hypertension/blood
pressure

Sample
15 RCTs and 7
repeatedmeasures
studies
(n = 1,894)

Mean effects
RCTs:
g = 0.33 (overall cognitive
function)
g = 0.29 (attention, processing
speed)
g = 0.27 (executive function)
g = 0.18 (memory, n.s.)
Repeated measures (acute
effects):
g = 0.58 (overall cognitive
function)
g = 0.49 (attention, processing
speed)
g = 0.39 (executive function)
g = 0.78 (memory)
17 controlled Overall effect:
studies
MD = –4.17 (systolic BP)
(n = 1,013)
MD = –3.62 (diastolic BP)
Yoga compared to usual care/no
treatment:
MD = –7.96 (systolic BP)
MD = –5.52 (diastolic BP)
Yoga compared to physical
exercise or active control:
No difference

Subgroup analyses
Breathing and meditative
exercises, but not physical
exercises, were consistently
associated with improved
cognitive
performance
(n.r.).

Conclusion
Meditation and
breathing
are
more
effective
than postures.

Significant reductions in BP Combined
only in yoga interventions interventions are
that incorporated three more effective.
components of practice (P,
B, M) (systolic: MD = –8.17;
diastolic: MD = –6.14), and
not in interventions with
fewer components (MD =
0.19 n.s.; MD = 0.38 n.s.).
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Meta-analysis
Hendriks et al. [8]

Population/outcome
Healthy
adults/indicators of
positive mental health

Sample
17 RCTs
(n = 1,901)

Mean effects
Yoga compared to no treatment:
SMD = 0.69 (well-being)
No effects on life satisfaction,
social relationships, or
mindfulness
Yoga compared to physical
exercise:
No difference

Jiang et al. [72]

People living with
HIV/immune function,
mental health

19 RCTs
(n = 1,300)

Kumar et al. [73]

Type II diabetes
mellitus/glycemic
control

17 RCTs
(n = 1,358)

Yoga and mindfulness-based
interventions
d = 0.21 (CD4 T-cell counts)
d = 0.43 (long-term CD4)
d = 0.51 (depression)
d = 0.71 (anxiety)
d = 0.42 (stress/distress)
d = 0.67 (quality of life)
Yoga compared to control:
SMD = –1.40 (fasting blood sugar)
SMD = –0.91 (postprandial blood
sugar)
SMD = –0.64 (glycosylated
hemoglobin)

Subgroup analyses
The positive effect of yoga
on
well-being
was
comparable to the effects of
meditation or physical
exercise;
mindfulness
meditation had a greater
effect
on
mindfulness
compared to yoga (SMD
= -0.30)
No significant differences
between
yoga
and
mindfulness-based
interventions
on
any
outcome variable.

Conclusion
No
difference
between yoga and
meditation.

No
differences
between complex
interventions.

In contrast to the overall Combined
positive effect, a subgroup interventions are
of
breathing-based more effective.
interventions showed no
effect on any of the three
outcome measures (fasting:
SMD = –0.62 n.s.; postprandial: SMD = –0.49 n.s.;
hemoglobin: SMD = –0.05
n.s.).
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Meta-analysis
Park & Han [74]

Population/outcome
Hypertension/blood
pressure

Pascoe et al. [6]

Any population/stressrelated physiological
measures

Taylor et al. [75]

Adults with trauma
exposure/traumarelated symptoms
(PTSD, stress, anxiety)

Sample
13 RCTs
(n = 753)

Mean effects
Yoga and meditation (MBSR and
TM)
Yoga:
MD = -4.59 (systolic BP)
MD = -3.65 (diastolic BP)
Meditation:
MD = -7.37 (systolic BP)
MD = -5.43 (diastolic BP)
42 RCTs
Yoga and MBSR
(n = 2,944)
Compared to active controls:
MD = –1.51 (waking cortisol)
MD = -0.60 (afternoon cortisol)
MD = –0.88 (evening cortisol)
MD = –3.66 (resting diastolic BP)
MD = –6.82 (resting mean arterial
pressure)
MD = -3.20 (resting heart rate)
Positive effects also on heart-rate
variability, fasting blood sugar,
cholesterol, low-density
lipoprotein
No effects on other measures
24 controlled Yoga, mindfulness/MBSR, and
studies
integrative exercise
(n = 759)
g = 0.48 (overall pooled effect)
g = 0.46 (overall – yoga)
g = 0.45 (overall – mindfulness)

Subgroup analyses
No significant differences
between
yoga
and
(combined)
meditation
interventions.

Conclusion
No
differences
between
combined
interventions.

Positive effects of MBSR
over yoga on decreasing
interleukin-6 (SMD = –0.48
vs. SMD = –0.10) and of
yoga over MBSR on systolic
blood pressure (n.r.); both
types of interventions
reduced salivary cortisol,
BP, and cytokine levels to a
greater extent than active
controls

No
differences
between
combined
interventions

No differences between
mindfulness-based
and
yoga interventions with at
least two limbs of yoga.

No
differences
between
combined
interventions.
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Meta-analysis

Population/outcome

Thind et al. [76]

Type II diabetes
mellitus/glycemic
control, markers of
diabetes management

Wu et al. [77]

Any population/blood
pressure

Sample

Mean effects
g = 0.94 (overall – integrative
exercise)
g = 0.48 (passive control)
g = 0.49 (active control)
21 controlled Yoga compared to control:
studies
d+ = 0.58 (fasting blood sugar)
(n = 2,473)
d+ = 0.40 (post prandial blood
sugar)
d+ = 0.36 (glycosylated
hemoglobin)
d+ = 0.51 (total cholesterol)
d+ = 0.67 (triglyceride)
d+ = 0.22 (systolic BP, n.s.)
d+ = 0.73 (diastolic BP)
d+ = 0.64 (fasting cortisol)
d+ = 0.52 (body mass index)
d+ = 0.28 (weight)
d+ = 0.36 (waist-to-hip ratio, n.s.)
Positive effects also on very-low,
low, and high-density
lipoproteins
49 controlled Yoga compared to passive
studies
control:
(n = 3,517)
SMD = –0.47 (for both systolic
and diastolic BP)

Subgroup analyses

Conclusion

Yoga interventions were Combined
more successful in reducing interventions are
triglyceride levels (d+ = 1.17 more effective.
vs. d+ = 0.35) and lowering
body weight (d+ = 0.76 vs.
d+ = 0.09) when they
included
meditation
practice;
inclusion
of
relaxation techniques was
associated with lower body
mass index (d+ = 0.70 vs. d+
= 0.15); no differences in
other variables.

Reductions in systolic BP Combined
were greater in yoga interventions are
interventions that included more effective.
breathing techniques (MD =
–7.9 vs. MD = –2.7);
reductions in diastolic BP
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Meta-analysis

Population/outcome

Sample

Mean effects

Subgroup analyses
Conclusion
were greater in yoga
interventions that included
meditation/mental
relaxation (MD = –4.3 vs.
MD = –1.6).

Note. ADHD = attention-deficit/hyperactivity disorder; B = breathing; BP = blood pressure; COPD = chronic obstructive pulmonary disease; d+ = weighted
mean effect size with positive values favoring the intervention relative to control; g = Hedges’ g; M = meditation; MBCT = mindfulness-based cognitive
therapy; MBSR = mindfulness-based stress reduction; MD = mean difference; n.r. = not reported; P = postures; R = relaxation; SMD = standardized mean
difference; TM = Transcendental Meditation. Reported effects are significant unless otherwise stated.
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The meta-analyses summarized in Table 1 are very diverse. The majority of them investigated
clinical populations with conditions such as depression, hypertension, chronic pain, asthma, chronic
obstructive pulmonary disease (COPD), inflammatory bowel disease, type II diabetes, HIV, trauma,
and attention-deficit/hyperactivity disorder. Three meta-analyses used mixed samples, including
healthy and clinical populations, and examined the effect of yoga on cognition [70], stress-related
physiological measures [6], and the prevention of and therapy for hypertension [77]. Only two metaanalyses investigated healthy populations. One of them looked at depression, anxiety, and stress in
college students [5], and the other explored positive mental health [8]. The latter concluded that
there was a scarcity of studies investigating the effects of yoga on healthy populations, and
specifically those measuring positive outcomes. This is surprising as yoga initially was developed as
a spiritual path for healthy people and not as a treatment for clinical conditions [78].
The majority of the meta-analyses reported favorable effects of yoga (and other mind–body
interventions) on depression, anxiety, stress, and stress-related physiological measures, well-being,
mood, quality of life, cognitive function, and several other clinical symptoms. Most effects were
small to moderate and usually large when yoga was compared with passive control or usual care.
Compared with active control conditions, yoga/mind–body interventions exerted a moderate effect
on several physiological measures [6], trauma symptoms [75], and levels of depression in clinical
samples [66, 69]. However, yoga’s positive effects diminished compared to physical exercise or
other active controls in healthy populations [5, 8] and in populations with asthma [67] or
hypertension [64, 71].
In an earlier summary of reviews, Büssing et al. [7] concluded that yoga postures could be
particularly beneficial for fitness, physical flexibility, and mental state. In contrast, breathing,
relaxation, and meditation techniques could lead to greater awareness, less stress, and higher wellbeing and quality of life. This conclusion might also apply to the more recent meta-analyses
displayed in Table 1.
A majority of the meta-analyses reported that combined interventions led to moderately higher
effects than simpler yoga interventions or yoga postures [62, 66, 67, 69-71, 73, 76, 77]. Sometimes,
this implied that positive results were only obtained for interventions that included specific yoga
components and were absent in other interventions that did not [68, 76]. In other instances,
differences between interventions were small, but significant for one specific component or for one
combination and insignificant for others [64, 66, 69, 71, 73]. Combined interventions appeared to
be beneficial, specifically for clinical samples. Breathing and meditation techniques were particularly
advantageous in this regard, and interventions based on these practices were more effective than
yoga postures in increasing cognitive performance [70], reducing depressive symptoms [66], and
downregulating blood pressure [64]. Similarly, including breathing and/or meditation practices in
yoga interventions increased their effectiveness in reducing prenatal depression [69] and elevated
blood pressure [71, 77]. Unsurprisingly, yoga interventions based on or including breathing practices
were particularly helpful in alleviating respiratory diseases, such as asthma [67] and COPD [63]. In
contrast, breathing-based yoga was not as effective in improving glycemic control and other
diabetes-related measures [73, 76]. The latter meta-analysis found that including meditation or
relaxation practices was more helpful in this respect. No differences were found between exercisebased and meditation-based yoga interventions in alleviating chronic neck pain [65].
Consequently, specific clinical conditions or objectives could require specific combinations of
yoga practices to elicit the highest benefits. Future research should examine these combinations in
Page 165/202

OBM Integrative and Complementary Medicine 2021; 6(3), doi:10.21926/obm.icm.2103030

more detail and evaluate what combinations apply to a given condition/objective. This could
eventually lead to the development of programs tailored to the needs of specific populations [17,
18, 79].
Meta-analyses on healthy populations reported no differences between meditation,
mindfulness-based, or yoga interventions [5, 8]. Similarly, no differences were observed between
these interventions regarding hypertension [74], trauma symptoms [75], stress-related
physiological measures [6], and immunological outcomes and mental health of people living with
HIV [72]. However, these meta-analyses did not differentiate the components of yoga or
mindfulness-based practices and are, thus, less informative than other meta-analyses that do.
However, these meta-analyses suggest that equally complex interventions such as yoga and
mindfulness-based treatments yield similar effects. Conversely, MBSR was more effective than yoga
in reducing hyperactivity [62], and yoga was more effective than MBSR in decreasing depression
and anxiety in patients with inflammatory bowel disease [68]. Thus, the findings are inconclusive.
More research is required to determine the unique contribution of each component to the globally
positive effect of combined interventions.
4. Discussion
Overall, the yoga studies and meta-analyses reviewed above highly vary with regard to the
population, yoga components under investigation, intervention length, and control intervention(s).
This appears to be symptomatic of yoga research, in general [80, 81]. To increase the transparency
and replicability of intervention studies, an extensive framework for developing yoga treatment
protocols has been proposed and recommended [82]. However, a systematic empirical investigation
into the various components of yoga practice is missing.
One finding that was consistent throughout the reviewed literature was the superiority of
combined over simple interventions. Treatments that included more components of traditional
yoga, such as ethical education, postures, breathing, or meditation, were more effective than those
that were based on fewer components. Particularly, breathing and meditation practices enhanced
the efficacy of yoga treatments. However, certain combinations of yoga practices were more useful
for specific study populations or outcome variables than others—which combinations exactly has
to be determined in future studies as the available evidence on this matter is still sparse.
None of the meta-analyses we reviewed examined the additive value of including the ethical
aspect of yoga in intervention studies. Similarly, only a few comparative investigations explicitly
studied the effects of (ethical) education. This is one of the major shortcomings of previous yoga
research. The idea of integrating more philosophical or ethical components into mind–body
interventions has recently been discussed in the mindfulness literature [83-86]. Chen and Jordan
[87] compared an ethically enriched intervention with a standard mindfulness intervention and
reported that both interventions reduced stress and increased life satisfaction. However, the ethical
intervention also enhanced personal growth and prosocial behavior. Similar results were obtained
in the abovementioned ethical yoga studies [34, 39]. Moreover, recent theoretical proposals [15,
20] suggest evaluating yoga holistically, including its ethical aspects. Therefore, it is essential to
study the impact of ethical education on the outcomes of yoga treatments. The recently developed
mind–body intervention meditation-based lifestyle modification [88] could be useful in this regard
as it explicitly incorporates lectures on yogic yamas and niyamas.
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Our review suggests that comparable multi-component mind–body interventions, such as yoga
and mindfulness-based interventions, produce similar effects. Although the two types of
interventions originate from different spiritual traditions (Hinduism and Buddhism, respectively),
they share similar exercises. Both yoga and MBSR (but not necessarily other mindfulness-based
interventions) include yoga postures, relaxation, meditation, and an educational component. Yet,
the yoga posture component of MBSR treatments is rather basic compared to most yoga
interventions. Recently, two studies dismantled MBSR treatments and found differential effects of
its components [13, 58, 59]. Nevertheless, more research is necessary to thoroughly understand
how each component and also the relative emphasis placed on each component within MBSR or
yoga contribute to the efficacy of combined treatments. In addition, current research has
demonstrated that Hindu and Buddhist meditators had extremely distinct preferences for specific
meditation techniques [89]. These differences between traditions might ultimately influence the
outcomes of both related interventions and account for the observed differences reviewed above.
To disentangle the components of yoga and other mind–body interventions, future studies
should aim at either comparing specific, isolated components to each other or using additive designs
to evaluate the incremental effects of different combinations of yoga practices. Moreover, it is
essential to evaluate yoga in its entirety, including postures, breathing, meditation, and ethics. This
is particularly relevant in the light of the undeniable diversity of yoga studies and interventions
reviewed above. To understand the basic working mechanisms of yoga, comparative studies should
rely on healthy populations and aim for representative samples. In contrast, clinical studies could
evaluate diverse combinations of yoga practices to find those most suited to specific clinical
conditions. Furthermore, long-term effects should be considered. For example, Cramer et al. [12]
showed that although a yoga intervention without postures was immediately more effective in
reducing hypertension than an intervention with postures, the effect reversed in long-term followup. The authors argue that more participants continued to practice yoga postures regularly after
the intervention had ended. Yoga postures might, thus, be easier to integrate into participants’ daily
activities.
Future studies should also take personality factors into account, as several authors have pointed
out that individual differences could tremendously influence the effects of yoga and other mind–
body interventions [15, 18, 90]. Researchers could achieve this by using more elaborate research
designs offering a higher time resolution and keeping a better track of individual responses. Singlecase research designs [91] or ecological momentary assessment [92] appear to be promising
approaches in this regard.
The majority of studies reviewed here investigated the effects of yoga on depression, anxiety,
stress, well-being, and mood. Although yoga interventions, particularly the combined ones,
commonly yielded positive effects on these variables, future studies should focus more on positive
outcome variables [8]. This could lead to a holistic understanding of yoga and move the discipline
away from a deficiency-oriented and toward a more flourishing-oriented perspective. Furthermore,
several variables in the previous research were selected ad hoc without referring to specific
theoretical frameworks. This is another issue that is symptomatic of yoga research [15, 18].
Accordingly, future studies should compare not only different yoga components but also base these
comparisons and the selection of appropriate variables on existing traditional or contemporary
theoretical proposals.
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There are a couple of limitations to the findings of this meta-synthesis. First, the quality of studies
differed widely within and between the meta-analyses reviewed. Although most meta-analyses
included only RCTs, others were more liberal regarding study design, increasing the risk of biased or
overestimated results. In addition, not all meta-analyses differentiated between different types of
control conditions, making it difficult to achieve reliable conclusions. However, this was not the
primary focus of this synthesis as we were interested majorly in studying the differential effects of
yoga components. Second, certain meta-analyses could have had some overlap between included
studies, particularly the several meta-analyses on hypertension reviewed here. Nevertheless,
conclusions varied across these meta-analyses, reinforcing the need for more systematic research.
Third, subgroup analyses differed between meta-analyses with certain comparing rather broad
categories of mind-body interventions. Most meta-analyses differentiated between interventions,
including postures, breathing and/or meditation practices, or combinations of the three; however,
which subgroups exactly were compared to each other differed widely. Several meta-analyses we
screened during the review process stated that they had planned to conduct subgroup analyses on
yoga components. Yet, these were mostly not able to do so because of insufficient studies available
or yoga interventions not described in enough detail. Consequently, future research would benefit
greatly from a more systematic approach and more detailed descriptions of interventions.
Overall, there exists a high variability and ambiguity in yoga research with repeated calls to
investigate differential effects of yoga components systematically. One particularly underresearched area is the incorporation of yoga ethics into intervention studies. We encourage
researchers to use rigorous and elaborate research designs to examine all components of yoga,
individually and in diverse combinations. In the end, these research efforts could contribute
substantially to a deep understanding of the manifold effects of the multifaceted practice of yoga.
Acknowledgements
We thank Annika Sternkopf and Nele Boll for their help in gathering and screening the literature.
Thank you to Anita Todd and two anonymous reviewers for their valuable comments on a previous
version of this manuscript.
Author Contributions
KM designed and executed the meta-synthesis and wrote the paper. PS and HCB collaborated on
the editing process. All authors approved the final version of the manuscript.
Funding
This work was supported by Karl and Veronica Carstens Foundation under Grant Number KVC
0/098/2018.
Competing Interests
The authors declare that no competing interests exist.

Page 168/202

OBM Integrative and Complementary Medicine 2021; 6(3), doi:10.21926/obm.icm.2103030

References
1.

2.

3.
4.
5.

6.
7.
8.
9.
10.
11.
12.
13.

14.

15.
16.
17.
18.

Clarke TC, Black LI, Stussman BJ, Barnes PM, Nahin RL. Trends in the use of complementary
health approaches among adults: United States, 2002-2012. Natl Health Stat Rep. 2015: 1-16.
PMID: 25671660.
Eardley S, Bishop FL, Prescott P, Cardini F, Brinkhaus B, Santos-Rey K, et al. A systematic
literature review of complementary and alternative medicine prevalence in EU. Complement
Med Res. 2012; 19: 18-28.
Park CL, Riley KE, Bedesin E, Stewart VM. Why practice yoga? Practitioners’ motivations for
adopting and maintaining yoga practice. J Health Psychol. 2016; 21: 887-896.
Park CL, Quinker D, Dobos G, Cramer H. Motivations for adopting and maintaining a yoga
practice: A national cross-sectional survey. J Altern Complement Med. 2019; 25: 1009-1014.
Breedvelt JJ, Amanvermez Y, Harrer M, Karyotaki E, Gilbody S, Bockting CL, et al. The effects of
meditation, yoga, and mindfulness on depression, anxiety, and stress in tertiary education
students: A meta-analysis. Front Psychiatry. 2019; 10: 1-15.
Pascoe MC, Thompson DR, Ski CF. Yoga, mindfulness-based stress reduction and stress-related
physiological measures: A meta-analysis. Psychoneuroendocrinology. 2017; 86: 152-168.
Büssing A, Michalsen A, Khalsa SB, Telles S, Sherman KJ. Effects of yoga on mental and physical
health: A short summary of reviews. Evid Based Complementary Altern Med. 2012; 2012: 1-7.
Hendriks T, de Jong J, Cramer H. The effects of yoga on positive mental health among healthy
adults: A systematic review and meta-analysis. J Altern Complement Med. 2017; 23: 505-517.
Ross A, Thomas S. The health benefits of yoga and exercise: A review of comparison studies. J
Altern Complement Med. 2010; 16: 3-12.
Feuerstein G. The yoga tradition: Its history, literature, philosophy and practice. Chino Valley,
Arizona: Hohm Press; 2012.
Telles S, Singh N. Science of the mind: Ancient yoga texts and modern studies. Psychiatr Clin.
2013; 36: 93-108.
Cramer H, Sellin C, Schumann D, Dobos G. Yoga in arterial hypertension: A three-armed,
randomized controlled trial. Dtsch Arztebl Int. 2018; 115: 833-839.
Sauer-Zavala SE, Walsh EC, Eisenlohr-Moul TA, Lykins EL. Comparing mindfulness-based
intervention strategies: Differential effects of sitting meditation, body scan, and mindful yoga.
Mindfulness. 2013; 4: 383-388.
Trakroo M, Bhavanani AB, Pal GK, Udupa K, Krishnamurthy N. A comparative study of the effects
of asan, pranayama and asan-pranayama training on neurological and neuromuscular functions
of Pondicherry police trainees. Int J Yoga. 2013; 6: 96-103.
Gard T, Noggle JJ, Park CL, Vago DR, Wilson A. Potential self-regulatory mechanisms of yoga for
psychological health. Front Hum Neurosci. 2014; 8: 1-20.
McCall MC. How might yoga work? An overview of potential underlying mechanisms. J yoga
phys ther. 2013; 3: 1-6.
Riley KE, Park CL. How does yoga reduce stress? A systematic review of mechanisms of change
and guide to future inquiry. Health Psychol Rev. 2015; 9: 379-396.
Schmalzl L, Powers C, Blom EH. Neurophysiological and neurocognitive mechanisms underlying
the effects of yoga-based practices: Towards a comprehensive theoretical framework. Front
Hum Neurosci. 2015; 9: 1-19.
Page 169/202

OBM Integrative and Complementary Medicine 2021; 6(3), doi:10.21926/obm.icm.2103030

19. Matko K, Sedlmeier P. What is meditation? Proposing an empirically derived classification
system. Front Psychol. 2019; 10: 1-14.
20. Sullivan MB, Moonaz S, Weber K, Taylor JN, Schmalzl L. Toward an explanatory framework for
yoga therapy informed by philosophical and ethical perspectives. Altern Ther Health Med.
2017; 23: 251-259.
21. McCrary M. Pick your yoga practice: Exploring and understanding different styles of yoga.
Novato, California: New World Library; 2013.
22. Peng CK, Henry IC, Mietus JE, Hausdorff JM, Khalsa G, Benson H, et al. Heart rate dynamics
during three forms of meditation. Int J Cardiol. 2004; 95: 19-27.
23. Raghuraj P, Ramakrishnan AG, Nagendra HR, Telles S. Effect of two selected yogic breathing
techniques on heart rate variability. Indian J Physiol Pharmacol. 1998; 42: 467-472.
24. Quach D, Mano KE, Alexander K. A randomized controlled trial examining the effect of
mindfulness meditation on working memory capacity in adolescents. J Adolesc Health. 2016;
58: 489-496.
25. Smith C, Hancock H, Blake-Mortimer J, Eckert K. A randomised comparative trial of yoga and
relaxation to reduce stress and anxiety. Complement Ther Med. 2007; 15: 77-83.
26. Granath J, Ingvarsson S, von Thiele U, Lundberg U. Stress management: A randomized study of
cognitive behavioural therapy and yoga. Cogn Behav Ther. 2006; 35: 3-10.
27. Park CL, Riley KE, Braun TD, Jung JY, Suh HG, Pescatello LS, et al. Yoga and cognitive-behavioral
interventions to reduce stress in incoming college students: A pilot study. J Appl Biobehav Res.
2017; 22: e12068.
28. Qi X, Tong J, Chen S, He Z, Zhu X. Comparing the psychological effects of meditation-and
breathing-focused yoga practice in undergraduate students. Front Psychol. 2020; 11: 560152.
29. Saksena T, Sharma R, Basavaraddi IV. Exploring the role of Hatha yoga in altering dispositional
mindfulness. Indian J Public Health Res Dev. 2020; 11: 868-873.
30. Schmalzl L, Powers C, Zanesco AP, Yetz N, Groessl EJ, Saron CD. The effect of movement-focused
and breath-focused yoga practice on stress parameters and sustained attention: A randomized
controlled pilot study. Conscious Cogn. 2018; 65: 109-125.
31. Melville GW, Chang D, Colagiuri B, Marshall PW, Cheema BS. Fifteen minutes of chair-based
yoga postures or guided meditation performed in the office can elicit a relaxation response.
Evid Based Complementary Altern Med. 2012; 2012: 1-9.
32. Wheeler EA, Santoro AN, Bembenek AF. Separating the “limbs” of yoga: Limited effects on
stress and mood. J Relig Health. 2019; 58: 2277-2287.
33. Bowden D, Gaudry C, An SC, Gruzelier J. A comparative randomised controlled trial of the
effects of Brain Wave Vibration Training, Iyengar Yoga, and mindfulness on mood, well-being,
and salivary cortisol. Evid Based Complementary Altern Med. 2011; 2012: 1-13.
34. Matko K, Sedlmeier P, Bringmann HC. Differential effects of ethical education, physical Hatha
yoga, and mantra meditation on well-being and stress in healthy participants - an experimental
single-case study. Front Psychol. 2021; 12: 3050.
35. Rohini V, Pandey RS, Janakiramaiah N, Gangadhar BN, Vedamurthachar A. A comparative study
of full and partial Sudarshan Kriya Yoga (SKY) in major depressive disorder. NIMHANS J. 2000;
18: 53-57.
36. Shankarapillai R, Nair MA, George R. The effect of yoga in stress reduction for dental students
performing their first periodontal surgery: A randomized controlled study. Int J Yoga. 2012; 5:
Page 170/202

OBM Integrative and Complementary Medicine 2021; 6(3), doi:10.21926/obm.icm.2103030

37.

38.

39.
40.
41.

42.
43.

44.
45.

46.

47.

48.

49.
50.

51.
52.

53.

48-51.
Shannahoff-Khalsa DS, Ray LE, Levine S, Gallen CC, Schwartz BJ, Sidorowich JJ. Randomized
controlled trial of yogic meditation techniques for patients with obsessive-compulsive disorder.
CNS Spectr. 1999; 4: 34-47.
Shannahoff-Khalsa D, Fernandes RY, de B Pereira CA, March JS, Leckman JF, Golshan S, et al.
Kundalini Yoga meditation versus the Relaxation Response meditation for treating adults with
obsessive-compulsive disorder: A randomized clinical trial. Front Psychiatry. 2019; 10: 1-15.
Smith JA, Greer T, Sheets T, Watson S. Is there more to yoga than exercise? Altern Ther Health
Med. 2011; 17: 22-29.
Telles S, Gaur V, Balkrishna A. Effect of a yoga practice session and a yoga theory session on
state anxiety. Percept Mot Skills. 2009; 109: 924-930.
Wolever RQ, Bobinet KJ, McCabe K, Mackenzie ER, Fekete E, Kusnick CA, et al. Effective and
viable mind-body stress reduction in the workplace: A randomized controlled trial. J Occup
Health Psychol. 2012; 17: 246-258.
Falsafi N. A randomized controlled trial of mindfulness versus yoga: Effects on depression
and/or anxiety in college students. J Am Psychiatr Nurses Assoc. 2016; 22: 483-497.
Gorvine MM, Zaller ND, Hudson HK, Demers D, Kennedy LA. A naturalistic study of yoga,
meditation, self-perceived stress, self-compassion, and mindfulness in college students. Health
Psychol Behav Med. 2019; 7: 385-395.
Bhat PS, Chopra V, Mehta SG, Srivastava K, Kumar SR, Prakash J. Psychological benefits of yoga
in industrial workers. Ind Psychiatry J. 2012; 21: 98-103.
Bragard I, Etienne AM, Faymonville ME, Coucke P, Lifrange E, Schroeder H, et al. A
nonrandomized comparison study of self-hypnosis, yoga, and cognitive-behavioral therapy to
reduce emotional distress in breast cancer patients. Int J Clin Exp Hypn. 2017; 65: 189-209.
Simon NM, Hofmann SG, Rosenfield D, Hoeppner SS, Hoge EA, Bui E, et al. Efficacy of yoga vs
cognitive behavioral therapy vs stress education for the treatment of generalized anxiety
disorder: A randomized clinical trial. JAMA psychiatry. 2021; 78: 13-20.
Bhavanani AB, Ramanathan M, Dayanidy G, Trakroo M, Renuka K. A comparative study of the
differential effects of short term asana and pranayama training on reaction time. Ann Med
Health Sci Res. 2017; 7: 80-83.
Vasanthan S, Madanmohan T, Bhavanani AB, Hanifah M, Jaiganesh K. Comparative study on the
effect of yogic relaxing asanas and pranayamas on cardiovascular response in healthy young
volunteers. Natl J Physiol Pharm Pharmacol. 2017; 7: 127-130.
Brown RP, Gerbarg PL. Sudarshan Kriya yogic breathing in the treatment of stress, anxiety, and
depression: Part I—neurophysiologic model. J Altern Complement Med. 2005; 11: 189-201.
Bhogal RS, Thakur GS, Shete SU. Differential impact of Shavasana and meditation on memory
scores in healthy college students: A randomized controlled study. Yoga Mimamsa. 2016; 48:
9-12.
Varambally S, Gangadhar BN. Current status of yoga in mental health services. Int Rev
Psychiatry. 2016; 28: 233-235.
de Manincor M, Bensoussan A, Smith C, Fahey P, Bourchier S. Establishing key components of
yoga interventions for reducing depression and anxiety, and improving well-being: A Delphi
method study. BMC Complement Altern Med. 2015; 15: 1-10.
Park CL, Elwy AR, Maiya M, Sarkin AJ, Riley KE, Eisen SV, et al. The essential properties of yoga
Page 171/202

OBM Integrative and Complementary Medicine 2021; 6(3), doi:10.21926/obm.icm.2103030

54.

55.

56.

57.

58.

59.
60.
61.

62.

63.

64.
65.
66.
67.
68.

69.
70.

questionnaire (EPYQ): Psychometric properties. Int J Yoga Ther. 2018; 28: 23-38.
Kabat-Zinn J. An outpatient program in behavioral medicine for chronic pain patients based on
the practice of mindfulness meditation: Theoretical considerations and preliminary results. Gen
Hosp Psychiatry. 1982; 4: 33-47.
Carmody J, Baer RA. Relationships between mindfulness practice and levels of mindfulness,
medical and psychological symptoms and well-being in a mindfulness-based stress reduction
program. J Behav Med. 2008; 31: 23-33.
Gallegos AM, Hoerger M, Talbot NL, Krasner MS, Knight JM, Moynihan JA, et al. Toward
identifying the effects of the specific components of Mindfulness-Based Stress Reduction on
biologic and emotional outcomes among older adults. J Altern Complement Med. 2013; 19:
787-792.
Colgan DD, Christopher M, Michael P, Wahbeh H. The body scan and mindful breathing among
veterans with PTSD: Type of intervention moderates the relationship between changes in
mindfulness and post-treatment depression. Mindfulness. 2016; 7: 372-383.
Hunt M, Al-Braiki F, Dailey S, Russell R, Simon K. Mindfulness training, yoga, or both?
Dismantling the active components of a mindfulness-based stress reduction intervention.
Mindfulness. 2018; 9: 512-520.
Kropp A, Sedlmeier P. What makes mindfulness-based interventions effective? An examination
of common components. Mindfulness. 2019; 10: 2060-2072.
Stein E, Witkiewitz K. Dismantling mindfulness-based programs: A systematic review to identify
active components of treatment. Mindfulness. 2020; 11: 2470-2485.
Cooper H, Koenka AC. The overview of reviews: Unique challenges and opportunities when
research syntheses are the principal elements of new integrative scholarship. Am Psychol.
2012; 67: 446-462.
Chimiklis AL, Dahl V, Spears AP, Goss K, Fogarty K, Chacko A. Yoga, mindfulness, and meditation
interventions for youth with ADHD: Systematic review and meta-analysis. J Child Fam Stud.
2018; 27: 3155-3168.
Cramer H, Haller H, Klose P, Ward L, Chung VC, Lauche R. The risks and benefits of yoga for
patients with chronic obstructive pulmonary disease: A systematic review and meta-analysis.
Clin Rehabil. 2019; 33: 1847-1862.
Cramer H, Haller H, Lauche R, Steckhan N, Michalsen A, Dobos G. A systematic review and metaanalysis of yoga for hypertension. Am J Hypertens. 2014; 27: 1146-1151.
Cramer H, Klose P, Brinkhaus B, Michalsen A, Dobos G. Effects of yoga on chronic neck pain: A
systematic review and meta-analysis. Clin Rehabil. 2017; 31: 1457-1465.
Cramer H, Lauche R, Langhorst J, Dobos G. Yoga for depression: A systematic review and metaanalysis. Depress Anxiety. 2013; 30: 1068-1083.
Cramer H, Posadzki P, Dobos G, Langhorst J. Yoga for asthma: A systematic review and metaanalysis. Ann Allergy Asthma Immunol. 2014; 112: 503-510.e5.
Ewais T, Begun J, Kenny M, Rickett K, Hay K, Ajilchi B, et al. A systematic review and metaanalysis of mindfulness based interventions and yoga in inflammatory bowel disease. J
Psychosom Res. 2019; 116: 44-53.
Gong H, Ni C, Shen X, Wu T, Jiang C. Yoga for prenatal depression: A systematic review and
meta-analysis. BMC Psychiatry. 2015; 15: 1-8.
Gothe NP, McAuley E. Yoga and cognition: A meta-analysis of chronic and acute effects.
Page 172/202

OBM Integrative and Complementary Medicine 2021; 6(3), doi:10.21926/obm.icm.2103030

71.
72.

73.

74.
75.
76.

77.
78.
79.

80.
81.
82.
83.
84.
85.
86.
87.
88.

89.

Psychosom Med. 2015; 77: 784-797.
Hagins M, States R, Selfe T, Innes K. Effectiveness of yoga for hypertension: Systematic review
and meta-analysis. Evid Based Complementary Altern Med. 2013; 2013: 1-13.
Jiang T, Hou J, Sun R, Dai L, Wang W, Wu H, et al. Immunological and psychological efficacy of
meditation/yoga intervention among people living with HIV (PLWH): A systematic review and
meta-analyses of 19 randomized controlled trials. Ann Behav Med. 2021; 55: 505-519.
Kumar V, Jagannathan A, Philip M, Thulasi A, Angadi P, Raghuram N. Role of yoga for patients
with type II diabetes mellitus: A systematic review and meta-analysis. Complement Ther Med.
2016; 25: 104-112.
Park S-H, Han KS. Blood pressure response to meditation and yoga: A systematic review and
meta-analysis. J Altern Complement Med. 2017; 23: 685-695.
Taylor J, McLean L, Korner A, Stratton E, Glozier N. Mindfulness and yoga for psychological
trauma: Systematic review and meta-analysis. J Trauma Dissociation. 2020; 21: 536-573.
Thind H, Lantini R, Balletto BL, Donahue ML, Salmoirago-Blotcher E, Bock BC, et al. The effects
of yoga among adults with type 2 diabetes: A systematic review and meta-analysis. Prev Med.
2017; 105: 116-126.
Wu Y, Johnson BT, Acabchuk RL, Chen S, Lewis HK, Livingston J, et al. Yoga as antihypertensive
lifestyle therapy: A systematic review and meta-analysis. Mayo Clin Proc. 2019; 94: 432-46.
Sedlmeier P, Srinivas K. Psychological theories of meditation based on early Buddhism and
Samkhya/Yoga. In: The Oxford handbook of meditation. Oxford: Oxford University Press; 2019.
Gard T, Brach N, Hölzel BK, Noggle JJ, Conboy LA, Lazar SW. Effects of a yoga-based intervention
for young adults on quality of life and perceived stress: The potential mediating roles of
mindfulness and self-compassion. J Posit Psychol. 2012; 7: 165-175.
Cramer H, Lauche R, Dobos G. Characteristics of randomized controlled trials of yoga: A
bibliometric analysis. BMC Complement Altern Med. 2014; 14: 1-20.
Elwy AR, Groessl EJ, Eisen SV, Riley KE, Maiya M, Lee JP, et al. A systematic scoping review of
yoga intervention components and study quality. Am J Prev Med. 2014; 47: 220-232.
Sherman KJ. Guidelines for developing yoga interventions for randomized trials. Evid Based
Complementary Altern Med. 2012; 2012: 1-16.
Baer R. Ethics, values, virtues, and character strengths in mindfulness-based interventions: A
psychological science perspective. Mindfulness. 2015; 6: 956-969.
Gordon WV, Shonin E, Griffiths MD. Towards a second generation of mindfulness-based
interventions. Aust N Z J Psychiatry. 2015; 49: 591-592.
Monteiro LM, Musten RF, Compson J. Traditional and contemporary mindfulness: Finding the
middle path in the tangle of concerns. Mindfulness. 2015; 6: 1-13.
Purser RE. Clearing the muddled path of traditional and contemporary mindfulness: A response
to Monteiro, Musten, and Compson. Mindfulness. 2015; 6: 23-45.
Chen S, Jordan CH. Incorporating ethics into brief mindfulness practice: Effects on well-being
and prosocial behavior. Mindfulness. 2020; 11: 18-29.
Bringmann HC, Bringmann N, Jeitler M, Brunnhuber S, Michalsen A, Sedlmeier P. Meditationbased lifestyle modification: Development of an integrative mind-body program for mental
health and human flourishing. Complement Med Res. 2021; 28: 252-262.
Matko K, Ott U, Sedlmeier P. What do meditators do when they meditate? Proposing a novel
basis for future meditation research. Mindfulness. 2021; 12: 1791-1811.
Page 173/202

OBM Integrative and Complementary Medicine 2021; 6(3), doi:10.21926/obm.icm.2103030

90. Hölzel BK, Lazar SW, Gard T, Schuman-Olivier Z, Vago DR, Ott U. How does mindfulness
meditation work? Proposing mechanisms of action from a conceptual and neural perspective.
Perspect Psychol Sci. 2011; 6: 537-559.
91. Barlow DH, Nock M, Hersen M. Single case experimental designs: Strategies for studying
behavior for change. 3rd ed. Boston, MA: Pearson; 2009.
92. Shiffman S, Stone AA, Hufford MR. Ecological momentary assessment. Annu Rev Psychol. 2008;
4: 1-32.

Enjoy OBM Integrative and Complementary
Medicine by:
1. Submitting a manuscript
2. Joining in volunteer reviewer bank
3. Joining Editorial Board
4. Guest editing a special issue

OBM Integrative and Complementary Medicine

For more details, please visit:
http://www.lidsen.com/journals/icm

Page 174/202

Open Access

OBM Integrative and
Complementary Medicine

Research Article

Different Effects of Four Yogic Breathing Techniques on Mindfulness,
Stress, and Well-being
Janika Epe 1, *, Rudolf Stark 1, Ulrich Ott 1, 2, *
1. Bender Institute of Neuroimaging, Justus Liebig University Giessen, Otto-Behaghel-Str. 10H,
35394
Giessen,
Germany;
E-Mails:
Janika.Epe@psychol.uni-giessen.de;
Rudolf.Stark@psychol.uni-giessen.de; Ulrich.Ott@psychol.uni-giessen.de; ott@igpp.de
2. Institute for Frontier Areas of Psychology and Mental Health, Wilhelmstr. 3A, 79098 Freiburg i.
Br., Germany
* Correspondences: Janika Epe and Ulrich Ott; E-Mails: Janika.Epe@psychol.uni-giessen.de;
Ulrich.Ott@psychol.uni-giessen.de; ott@igpp.de
Academic Editor: Viann N. Nguyen-Feng
Special Issue: Yoga and Mindfulness
OBM Integrative and Complementary Medicine
2021, volume 6, issue 3
doi:10.21926/obm.icm.2103031

Received: June 29, 2021
Accepted: September 06, 2021
Published: September, 18, 2021

Abstract
Yogic breathing techniques are fundamental to the physical and mental practice of yoga. They
are closely connected to meditation, which involves the observation of breath. There are
many yogic techniques based on the active regulation of the breath. Breathing practices
influence many processes in the body, e.g. heart rate variability, and the mind, e.g. relaxation
and stress, through their impact on the autonomic nervous system. This study intended to
investigate differential effects of four yogic breathing techniques: (1) ujjayi—relaxation
through slowing down the breath, (2) paced breathing—enhancement of concentration by
following a precise protocol of slowdown breathing, (3) kapalabhati—raising wakefulness by
mild hyperventilation, and (4) alternate nostril breathing—balancing the autonomic nervous
system by alternating breath between the two nostrils. This study was conducted on 36
participants, who learned each technique within two weeks of an eight-week program and
© 2021 by the author. This is an open access article distributed under the
conditions of the Creative Commons by Attribution License, which permits
unrestricted use, distribution, and reproduction in any medium or format,
provided the original work is correctly cited.
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practiced them daily. After each technique, mindfulness, perceived stress, and physical wellbeing were assessed based on questionnaires. Ujjayi breathing, showed a relaxing effect,
reduced stress, increased peacefulness, and the feeling of being at ease/leisure. Paced
breathing resulted in a greater awareness of inner experiences. Kapalabhati showed a
significant increase in vitality and joy of life, and alternate nostril breathing showed no
hypothesis-compliant changes. The findings of this study suggest several beneficial and
differential effects of these breathing techniques; therefore, they could be employed as tools
for self-regulation in therapeutic contexts.
Keywords
Breathing; yoga; self-regulation; ujjayi; paced breathing; kapalabhati; alternate nostril
breathing

1. Introduction
The act of breathing is an essential aspect of most meditative practices. Most forms of meditation
involve focusing on an object, which can be one’s breath [1]. Therefore, breath serves as an anchor
for attention, such as focusing on the movement of the abdomen while breathing or observing the
respiratory flow throughout the body [1]. From a scientific perspective, breathing techniques can
be conceived as tools for self-regulation because they reliably elicit specific physiological responses.
Also, conscious breathing can explain many positive effects of meditation, e.g., its physiological
effects on the autonomic nervous system [2].
In Buddhist meditation, passive observation of the breathing process is typically used. However,
in yogic practices, we find many methods based on the active regulation of the breathing process,
subsumed under the Sanskrit term pranayama (prana: breath, vital energy; ayama: extending,
controlling). Within yoga, the techniques of pranayama are part of preparatory exercises meant to
calm down the mind and prepare it for concentration and meditation. The last of the five verses
dealing with pranayama in the Yoga-Sutra reads: "II.53 And [the yogin gains] the fitness of the mind
for concentration" (p. 93, [3]).
The beneficial effects of different yogic breathing techniques have been studied extensively. In
their review article, Saoji, Raghavendra, and Manjunath (2019) found breathing practices to be able
to “influence the neurocognitive abilities, autonomic and pulmonary functions as well as the
biochemical and metabolic activities in the body”(p. 57, [4]). However, the diversity of breathing
techniques in yoga is striking, which may be the reason behind its varying physiological and
psychological effects. There are techniques to slow down (e.g., ujjayi, paced breathing and holding
the breath) or to accelerate the breathing rate (bhastrika and kapalabhati), techniques involving the
production of humming sounds (brahmari), tongue positions to modify the airflow (sitali), and the
occlusion of nostrils for unilateral or alternate nostril breathing (nadi shodana, anuloma viloma).
In our study, we compared four prominent yogic breathing techniques (ujjayi, paced breathing,
kapalabhati, and alternate nostril breathing) with respect to their differential effects on mindfulness,
stress, and well-being. We aimed at evaluating the potential of these four different techniques to
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facilitate relaxation, reduce stress, enhance concentration and wakefulness, and balance the
arousal level.
One of the most studied techniques for relaxation and stress reduction is slowing down the
breathing rhythm; this technique serves as a connection between all other relaxation techniques
[5]. Within yogic breathing, ujjayi is a commonly used technique to slow down the breathing rhythm
and make practitioners aware of their breathing patterns during the practice of yogic postures
(asana). During this technique, vocal cords are constricted, similar to whispering, so that airway
resistance rises leading to the production of a soft sound within the throat by the airflow [6].
Controlled deep breathing is described as one of the oldest and most efficient methods to reduce
acute stress as it is known to regulate vegetative functions, thereby altering our mental state [7]. A
review by Zaccaro et al. showed that slow breathing has a positive effect on comfort, pleasantness,
relaxation, anxiety, depression, anger, and confusion as well as reduces the symptoms of arousal
[8]. It is also described as an effective non-pharmacological intervention to control emotions [9].
Another, more demanding approach for slowing down the breathing rate is the paced breathing
method in combination with holding the breath (kumbhaka). These techniques divide one breathing
cycle into four phases: (1) inhalation, (2) pause after inhalation, (3) exhalation, and (4) pause after
exhalation. The duration of each phase is determined by counting slowly, for example, with the help
of fingertips or knuckles, or with sound guidance. However, these techniques demand a high level
of concentration from the practitioner.
A slow breathing frequency (about 10 s per breath) is known to increase baroreflex sensitivity
and heart rate variability (HRV), which are the markers of intact vegetative regulation [10]. The
connection between HRV and breathing lies in the change of heart rate with respiration, the socalled respiratory sinus arrhythmia (RSA). During inhalation, the heartbeat accelerates, and during
exhalation, it slows down. A higher difference in the heart rate during inhalation and exhalation
results in a higher RSA and HRV, which stands for better flexibility of autonomic regulation.
Biofeedback-trainings showed that increasing HRV is mainly achieved through slow and even
breathing [11].
Another approach to regulating the breath is to accelerate the breathing rhythm as in
hyperventilation, which activates the central nervous system and shifts blood gas levels
(hypocapnia). In the yogic tradition, these methods are known as “cleaning” techniques. They are
called bhastrika and kapalabhati and work with the active movement of the abdominal muscles.
Kapalabhati focuses on an active exhalation; the muscles of the abdomen are tensed quickly,
causing the abdomen to retract and the air to flow out of the lungs. The muscles are then relaxed
again, allowing air to passively flow into the lungs. In bhastrika, during exhalation, the abdomen is
tensed quickly and during inhalation, the diaphragm is tensed; this leads to an active expansion of
the lungs, thereby enforcing the airflow during the process of breathing in and out [12].
The activating effect of hyperventilation was proved by electroencephalogram (EEG)-studies [13].
This activation of the central nervous system has found several applications, e.g., it is used to
provoke epileptic seizures for diagnostic purposes [14]. The hyperventilation during kapalabhati is
rather mild because of the pauses between phases of fast breathing. Therefore, it is not surprising
that studies comparing groups practicing slow versus fast breathing techniques found significant
physiological effects in the slow breathing group, such as increased parasympathetic activity,
decreased sympathetic activity, and changes in cardiovascular variables, but not in the fast
breathing group [15, 16]. However, on a subjective level, both groups reported reduced perceived
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stress after the intervention [16]. Nevertheless, we expect kapalabhati to have an activating effect
due to the fast muscular movements and increased ventilation of the lungs when compared to other
breathing techniques. An activating effect on a psychological level might be reflected in higher
feelings of vitality and an enhanced ability to concentrate and react on a cognitive level.
Finally, we investigated the balancing effect of the alternate nostril breathing method (nadi
shodhana, anuloma viloma). During this breathing technique, one nostril is occluded so that the
breath flows only through the other nostril. A distinction is made between unilateral nostril
breathing (right or left nostril occluded for the entire duration of the practice) and alternate nostril
breathing (one breath through the left nostril then through the right by alternately closing the other
nostril).
Studies on the unilateral nostril breathing technique found varying effects on blood pressure
depending on the nostril used [17]. Breathing through the left nostril had a sedative effect, while
breathing through the right nostril had an activating effect. Alternate nostril breathing was found
to have a balancing effect on the vegetative nervous system, probably modulated by the balanced
breathing rhythm. It also had an effect on the lateralization of EEG activity between the left and
right hemispheres [18]. Telles, Verma, Sharma, Gupta, and Balkrishna found positive effects of the
alternate nostril breathing method on blood pressure, attention, and cognitive performance [19].
The physiological changes caused by the breathing techniques also lead to different psychological
effects. One example is the connection between HRV and the brain structures that are known to
regulate emotions and manage stress [20]. The significance of breathing techniques as a regulatory
mechanism is because of the direct modification of vegetative processes that otherwise run
autonomously. Therefore, by practicing breathing techniques, automatic bodily processes can be
influenced willfully.
The findings of the above-mentioned studies point to the positive effects of breathing techniques
and suggest that different techniques have different effects on psychological and physiological
variables. Although a growing number of studies on the effects of different yogic breathing
techniques have been published in recent years, a study comparing the effects of different breathing
techniques on the same subjects has not been conducted yet. There is a possibility of marked
differences in the effects of slow, fast, and balanced breathing techniques on the same subjects.
Within-subject designs are better able to identify differential effects because intersubjective
variability is excluded. In addition, we wanted the subjects to learn all techniques in order to study
the differences in preference and application. In this study, we asked the participants whether and
how they used the learned techniques in everyday life with a self-constructed questionnaire,
immediately after the training and also six months later. Our objective was to determine whether
our participants integrated the breathing techniques for self-regulation in their daily routine (for
calming, concentrating, activating, and balancing the mind) and whether differences regarding
usability existed between the four breathing techniques.
1.1 Hypotheses
We expect that the breathing techniques will have differential effects on the subjective states
reported by the participants. Our hypotheses are based on the following reported effects of the
individual breathing techniques: (1) promotes relaxation, (2) increases concentration, (3) enhances
activation, and (4) balances arousal.
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Hypothesis 1: After practicing slow breathing (ujjayi), we expect significantly reduced perceived
stress as well as an enhanced feeling of peacefulness and being at ease/leisure, and pleasant
tiredness in the participants compared to that of the baseline level, i.e., before the training.
Hypothesis 2: After following the precise protocol for slowdown breathing (paced breathing), we
expect significantly higher awareness of internal experiences and more ability to concentrate and
react in the participants compared to that of the preceding breathing technique.
Hypothesis 3: After mild hyperventilation (kapalabhati), we expect significantly higher vitality,
the joy of life, concentration, and reaction in the participants compared to that of the preceding
breathing technique.
Hypothesis 4: We expect that the balancing of the vegetative nervous system after practicing
alternate nostril breathing (nadi shodhana) leads to a mental state of contentment, accompanied
by a significantly stronger non-judgmental attitude and greater satisfaction with current body
condition in the participants compared to that of the preceding breathing technique.
2. Materials and Methods
2.1 Participants
Participants, consisting of students and employees, were recruited using the university mailing
list. The number of subjects was determined by practical constraints (room and time) for conducting
the training and due to the exploratory nature of the study, prior power analysis of the participants
was not carried out. Thirty-six participants started the measurements (18 male, 18 female, mean
age: 28.6, SD = 8.9, and range 21-63); 32 completed the whole training. Two participants
participated in only three baseline measurements and two measurements with a breathing practice;
two women quit after the baseline measurement because of time issues. Twenty-six subjects (16
male, 10 female, mean age: 29.7, SD = 9.9, and range 21-63) participated in a follow-up
measurement after six months. The other participants did not respond to the invitation of followup measurement or could no longer arrange a measurement due to relocation. Exclusion criteria
were the diagnosis of epilepsy (also in first-degree relatives), lung dysfunction, acute
psychotherapeutic treatment, and experience with yogic breathing techniques.
2.2 Procedure
For the data collection, a multiple baseline design was employed [21]. Participants were
randomly assigned to three groups of twelve persons each, and they started the training at three
different time points. The training of the different breathing techniques is referred to as
“intervention” because we conceptualized them as active self-regulation techniques that could be
applied by the participants themselves in order to change their mental state as desired.
All participants took part in the first baseline measurement (week one), and twelve participants
immediately started the training (first intervention: ujjayi; group 1). After two weeks of training or
waiting, all participants were measured once again, either for their second baseline measurement
(groups 2 and 3) or for an intervention measurement (group 1, week four). Afterward, the twelve
participants from group 1 continued the training with one of the other three different interventions
(they were randomly assigned to a specific sequence of the remaining three interventions; four
participants per training session), and another twelve started the training (group 2) with the first
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intervention (ujjayi). After another two weeks of training, all participants were measured again
(group 3: baseline; groups 1 and 2: intervention measurements, week seven). After that, the third
group started the training too with the first intervention (ujjayi); the others continued with one of
the other three different interventions (members of group 2 had their training sessions together
with members of group 1). Every time there were two weeks of training and one week of
measurements, in which all participants were measured once. Therefore, group 1 had one baseline
measurement before the training started, group 2 had two baseline measurements, and group 3
had three baseline measurements before the training started.

Figure 1 The training procedure of the three groups, including measurement time points.
Baseline measurements (BM) and intervention measurements (IM) are marked. The first
intervention, ujjayi, is shown separately from the other three interventions, i.e., paced
breathing (PB), kapalabhati (K), and alternate nostril breathing (ANB).
The breathing training was an eight-week program (not counting the measurement weeks
between the two-week training blocks) with four modules of a yogic-breathing-technique training.
Each breathing technique was taught in two weeks, with group sessions, additional video-learning
material, and worksheets. The 60 min sessions were held with the presence of four to twelve
participants in a yogic classroom. The instructor had undergone training for two years to become a
hatha yoga teacher and had one and a half years of teaching and ongoing supervision experience.
Most postures were taught during the first intervention; only small adjustments were made during
the other interventions as more focus was given on the teaching of the new breathing technique.
The description of the breathing training was published as a book (in German) [22]. The audio files
used for paced breathing and the video tutorials showing the asanas taught can be downloaded free
from https://sites.google.com/site/gesunddurchatmen.
The first intervention (ujjayi) included four group sessions; all others included two group sessions
and two online tutorials. During the first intervention, participants had two group sessions per week;
the other interventions included one group session and one online tutorial per week. Participants
had a structured plan with a daily routine to practice until the next session. Every exercise that they
learned in the sessions or tutorials was available online as tutorial videos. Participants were required
to practice their breathing techniques daily and record their practice. The training always started
with the same breathing technique (ujjayi); the other three techniques followed in different
sequences (fully permuted across all participants). As mentioned previously, the training sessions
were 60 min long; the daily routine for their home practice took about 20 min to complete.
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2.2.1 Ujjayi
This intervention formed the basis of the program, in which participants learned yogic postures,
felt their breath in different parts of the body, combined movement-flows with the breathing
rhythm, and learned the ujjayi-breathing technique. It included four group sessions and video-based
training between the sessions.
Participants were made to learn how to feel their body, their movements, and their breathing,
and bring them all together. They were instructed to get to know and accept their boundaries and
adapt the exercises to their ability level, i.e., being aware of themselves without evaluating. With
the possibility of adaptation, it was ensured that they had a regular and steady breathing rhythm,
i.e., not too fast, or unsteady, which may be caused by overextension.
By practicing this technique, the participants learned how to use the movement of their breath
in the body to support postures and movements. One of the underlying principles was to
differentiate between movements resulting in a reduced volume of the lungs and movements
resulting in increased volume of the lungs (“opening” and “closing” movements). The goal was to
find and perform the movements in a way so that the breath can adapt its rhythm and flow freely.
After the participants learned the yogic movement principles and became aware of the
interactions between their body and breath, they learned ujjayi (for a description, see introduction).
2.2.2 Paced Breathing
In this intervention, participants learned to prolong their breathing cycle based on audio files.
They became aware of the length of inhalation and exhalation and the pause in between (four
phases of breathing: inhalation-holding-exhalation-holding). The audio files guided the participants
in prolonging their breath at the ratio of 1:2 or 2:3 of inhalation and exhalation (see Table 1 and
Table 2). Participants used a ratio that was closer to their natural breathing rhythm. Files were
created with the program “Audacity” (Version 2.1.2; The Audacity Team, 2016). Based on a study of
paced breathing, we employed a frequency of 330 Hz for inhalation and 262 Hz for exhalation,
respectively [23].
Table 1 Duration of individual breathing phases in seconds and total length of audio files
in minutes, including eight repetitions. Converted breathing ratio: 1:2.
Inhalation
03
03
03
04
04
05
06

Holding
00
00
02
02
03
03
04

Exhalation
06
06
06
08
08
10
12

Holding
00
02
02
02
03
03
04

Length
1:12
1:28
1:44
2:08
2:24
2:48
3:28
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Table 2 Duration of individual breathing phases in seconds and total length of audio files
in minutes, including eight repetitions. Converted breathing ratio: 2:3.
Inhalation
04
04
04
06
06
06
06

Holding
00
00
02
00
00
03
04

Exhalation
06
06
06
09
09
09
09

Holding
00
02
02
00
03
03
04

Length
1:20
1:36
1:52
2:00
2:24
2:48
3:04

2.2.3 Kapalabhati
In this intervention, participants learned how to accelerate the breath and pause it. They
practiced a mild and controlled form of hyperventilation, followed by a spontaneous pause in
breathing. After they learned to pay specific attention to the movement of the breath in the
abdomen, they were asked to focus on the moment after exhalation. They were instructed not to
inhale automatically, but to wait until their body gave them the impulse for inhalation, resulting in
a longer pause between exhalation and inhalation. Afterward, they learned how to intensify
exhalation by tensing the abdomen at the end of the exhalation and relaxing it consciously before
the inhalation, so the air could flow into the lungs; this resulted in an active exhalation and passive
inhalation. By practicing this, they learned how to increase their breathing rhythm up to one breath
per second. They took 20-60 breaths per minute, increasing the number slowly based on their level
of experience.
2.2.4 Alternate Nostril Breathing
During this intervention, participants learned the “alternating nostril breathing” technique. They
started by taking one breath (exhale-inhale) through both nostrils, then closing the right nostril with
the thumb of the right hand (in the pause between inhalation and exhalation) and breathing out
and in through the left nostril. After breathing in, they closed the left nostril with the ring finger and
opened the right one, breathed out and in, and closed the right nostril and opened the left one to
breathe out and breath in again. In this way, they took 16-32 breathes, increasing the number slowly
based on their level of experience.
2.3 Measurements
For the baseline measurements, participants sat in a chair in a dark room with a small light and
closed eyes. For 10 min, they were left alone without any instructions (resting state) and some
physiological recordings were made (not reported here). Afterward, participants completed a
computer-based attention test and different questionnaires.
In intervention measurements, the effect of the intervention learned in the previous two weeks
was examined. Similar to the baseline measurements, participants sat in a chair in the same room
with similar environmental conditions; the breathing rhythm was recorded to verify if a breathing
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technique was used. First, they were asked to sit still with their eyes closed for 5 min to record the
baseline measurement. Afterward, they were instructed to perform the breathing technique for 10
min. During this time, the physiological parameters were measured again. Then, the computer test
was administered, and questionnaires were filled out, referring to the last two weeks. This article
focuses on psychological variables, which were assessed by the following questionnaires:
Comprehensive Inventory of Mindfulness Experiences (CHIME) [24], the Perceived Stress
Questionnaire (PSQ) [25], and a questionnaire on the positive aspects of current physical well-being
(FAW) [26] (for further information, see Materials).
At the end of their last intervention measurement, participants completed a questionnaire about
all interventions and the benefit of using them in everyday life. They also completed a similar
questionnaire in a follow-up measurement after six months.
2.4 Materials
To investigate the subjective effect of the breathing techniques on mindfulness, stress, and wellbeing, the participants were made to complete three questionnaires after the training of each
breathing technique.
CHIME is a psychometrically validated instrument for the self-assessment of mindfulness [24]. It
covers different aspects of mindfulness. The eight implemented scales are (1) awareness of internal
experiences, (2) awareness of external experiences, (3) acting with awareness, (4) accepting nonjudgmental attitude, (5) nonreactive decentering, (6) openness to experience, (7) awareness of
thoughts’ relativity, and (8) insightful understanding [27]. Items are rated on a six-point Likert scale,
from (1) almost never to (6) almost always. For score calculation, scores of the items are summed
and divided by the number of items of the respective (sub-) scale. Higher scores correspond to a
higher value of mindfulness in that aspect. For our purpose, we used the scales: (1) Awareness of
internal experiences and (4) accepting non-judgmental attitude. These scales were closely
connected to the experiences of mindfulness during the yoga classes and seemed to be indicative
of the differential effects of the breathing techniques.
The stress experience of the participants was assessed with the validated German version of the
PSQ [25]. Items are rated on a four-point Likert scale, from (1) almost never to (4) almost always.
For score calculation, scores of the items are summed and divided by 30 (number of items); one was
subtracted from the value and then score was divided by three to get a number between zero and
one.
Well-being was assessed with a questionnaire (FAW) on the positive aspects of the current
physical well-being [26]. The questionnaire comprises seven factors, which are assessed with 58
items. The seven sub-scales are (1) satisfaction with the current state of the body, (2) peacefulness
and being at ease/leisure, (3) vitality and joy of life, (4) decreasing tension/pleasant tiredness, (5)
enjoyment/pleasure, (6) ability to concentrate and react, and (7) well-groomed, fresh, and pleasant
body sensation. Items are rated on a five-point Likert scale, from (0) never to (4) entirely. For score
calculation, item scores are summed up. In this study, we used the scales: (1) Satisfaction with the
current state of the body, (2) peacefulness and being at ease/leisure, (3) vitality and joy of life, (4)
decreasing tension/pleasant tiredness, and (6) ability to concentrate and react. These scales seemed
to describe possible bodily experiences during the yogic breathing training.
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The final questionnaire was a self-developed instrument. The subjects were asked to rate the
possible effects of breathing training and its usefulness in everyday life. Questions were phrased in
the first-person perspective and rated on a scale from one (strongly disagree) to six (strongly agree).
Examples of formulations are as follows: I found the training to be...a) balancing, b) activating, c)
relaxing, d) concentration enhancing; I was able to incorporate the breathing techniques into my
everyday life...a) ujjayi, b) paced breathing, c) kapalabhati, d) alternate nostril breathing.
2.5 Data Analysis
Data were analyzed using IBM SPSS Statistics 27. Scores of the questionnaires and scales were
calculated considering negatively coded items. In order to exclude a sole time effect, baseline
measurements were first compared with each other, calculating univariate analysis of variance
(ANOVA) with repeated measures. The measurements of each intervention were compared with
the measurements taken before the intervention (i.e., two weeks before). Due to the randomized
allocation of the sequence of interventions (except first intervention, i.e., ujjayi breathing), this form
of analysis was intended to exclude the effects of previous interventions (apart from the baseline
intervention that always took place first). Univariate ANOVAs with repeated measures were
calculated. The hypotheses were tested on a five percent significance level. The final questionnaire
was analyzed on an exploratory basis.
The study was ethically approved by the ethics committee of the Faculty of Psychology and Sport
Science of the Justus Liebig University Giessen, Germany. The identification code was 2017-0002
(date of approval: 05.04.2017), and the study followed the German national legislation. Written
informed consent was obtained from all participants.
3. Results
Analyses of practice times showed that there were differences in the duration for which different
breathing techniques were practiced, with ujjayi being practiced the most. The ujjayi intervention
was practiced at home (about 20 min practicing time) at a frequency of around ten times in two
weeks, whereas the other interventions were practiced at home for seven to eight times in two
weeks (ujjayi: M = 10.3, SD = 2.5; paced breathing: M = 8.0, SD = 2.8; kapalabhati: M = 7.4, SD = 4.7;
alternate nostril breathing: M = 7.8, SD = 3.3; F [3, 45] = 4.93, p = 0.01). There were no significant
differences in practice time between the three breathing techniques, excluding ujjayi (F [2, 30] =
0.039, p = 0.68).
To investigate training-independent effects, baseline measurements were compared. Analysis of
the used scales of the CHIME showed no significant differences between the three baselinemeasurements ([1] awareness of internal experiences: F [2, 20] = 0.419, p = 0.66; [4] accepting nonjudgmental attitude: F [2, 20] = 0.96, p = 0.4). Comparison of baseline measurements regarding the
PSQ stress score showed no significant differences between the three points in time (F [2, 18] = 1.03,
p = 0.38). Also, comparison of the scales of the FAW showed no significant differences in baseline
conditions ([1] satisfaction with current state of body: F [2, 20] = 1.20, p = 0.32; [2] peacefulness and
being at ease/leisure: F [2, 20] = 1.25, p = 0.31; [3] vitality and joy of life: F [2, 20] = 1.74, p = 0.2; [4]
decreasing tension, pleasant tiredness: F [2, 20] = 2.47, p = 0.11; and [6] ability to concentrate and
react: F [2, 20] = 0.75, p = 0.48).
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To test hypothesis 1, the results after the practice of ujjayi were compared with the values from
the baseline measurements. Results of perceived stress showed a significant reduction after two
weeks of learning and practicing ujjayi (F [1, 33] = 3.97, p = 0.05). Participants reported significant
increase in the parameters of peacefulness and being at ease/leisure (F [1, 33] = 7.03, p = 0.01) and
decreasing tension/pleasant tiredness (F [1, 33] = 27.63, p < 0.001). Participants reported a
significantly higher accepting non-judgmental attitude (F [1, 31] = 13.86, p ≤ 0.001), which was not
predicted by our hypothesis.

Figure 2 Mean score and standard errors of data referring to ujjayi breathing technique
(Post) and the preceding measurement (Pre). Scales referring to three questionnaires:
CHIME (awareness of internal experiences, accepting non-judgmental attitude) and PSQ
(mean score) are mapped on the left y-axis. Scores from FAW are mapped on the right
y-axis (satisfaction with current state of body, peacefulness and being at ease/leisure,
vitality and joy of life, decreasing tension/pleasant tiredness, and ability to concentrate
and react). Significant results are marked (*p≤0.05, **p≤0.001), n = 32-34.
Hypothesis 2, referring to the paced breathing technique, with the precise slowdown of breath,
was tested by comparing the values after two weeks of training with the values of the measurement
right before this intervention (measurement referring to one of the other breathing techniques).
Results showed a significant increase in awareness of internal experiences (F [1, 31] = 6.49, p = 0.02)
but no significant changes were observed in the ability to concentrate and react (F [1, 31] = 0.72, p
= 0.4).
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Figure 3 Mean score and standard error referring to the paced breathing technique (Post)
and the preceding measurement (Pre). Scales referring to three questionnaires: CHIME
(awareness of internal experiences and accepting non-judgmental attitude) and PSQ
(Mean score) are mapped on the left y-axis. Scores from FAW are mapped on the right
y-axis (satisfaction with current state of body, peacefulness and being at ease/leisure,
vitality and joy of life, decreasing tension/pleasant tiredness, and ability to concentrate
and react). Significant results are marked (*p≤0.05, **p≤0.001), n = 32-34.
Hypothesis 3 predicts changes after practicing kapalabhati and was tested by comparing values
after two weeks of training with values of the measurement before this intervention (measurement
referring to one of the other breathing techniques). After practicing kapalabhati, participants
described significant increase in vitality and joy of life (F [1, 32] = 4.90, p = 0.003), but no significant
changes were observed in subjective ability to concentrate and react (F [1, 32] = 2.55, p = 0.12).
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Figure 4 Mean score and standard error referring to the practicing of kapalabhati (Post)
and the preceding measurement (Pre). Scales referring to three questionnaires: CHIME
(awareness of internal experiences and accepting non-judgmental attitude) and PSQ
(Mean score) are mapped on the left y-axis. Scores from FAW are mapped on the right
y-axis (satisfaction with current state of body, peacefulness and being at ease/leisure,
vitality and joy of life, decreasing tension/pleasant tiredness, and ability to concentrate
and react). Significant results are marked (*p≤0.05, **p≤0.001), n = 32-34.
Hypothesis 4, referring to changes after practicing alternate nostril breathing, was tested by
comparing the measurement after two weeks of training with values of the measurement before
this intervention (measurement referring to one of the other breathing techniques). Participants
showed no significant changes in accepting non-judgmental attitude (F [1, 30] = 2.43, p = 0.13) and
satisfaction with current state of body (F [1, 33] = 1.14, p = 0.29). Participants reported a reduced
vitality and joy of life after practicing alternate nostril breathing (F [1,31] = 4.68; p = 0.04), which
was not predicted in our hypothesis.
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Figure 5 Mean score and standard error referring to the practicing of alternate nostril
breathing (Post) and the preceding measurement (Pre). Scales referring to three
questionnaires: CHIME (awareness of internal experiences, accepting non-judgmental
attitude) and PSQ (Mean score) are mapped on the left y-axis. Scores from FAW are
mapped on the right y-axis (satisfaction with current state of body, peacefulness and
being at ease/leisure, vitality and joy of life, decreasing tension/pleasant tiredness, and
ability to concentrate and react). Significant results are marked (*p≤ 0.05, **p≤0.001),
n = 32-34.
Overall, the training was very calming (M = 5.77, SD = 0.42), enhanced the concentration (M =
4.97, SD = 0.91), and balanced the mind (M = 5.65, SD = 0.55) of the subjects. Among the effects,
the activating effect received the lowest level of agreement from the subjects; however, for this
effect, they gave the response of “more likely to agree” (M = 4.68, SD = 1.14). After six months of
the training, similar tendencies were observed in the responses of the participants. Highest values
were received for the balancing (M = 5.39, SD = 0.72) and calming (M = 5.35, SD = 0.93) effect of the
training; the agreements for the concentrating (M = 4.57, SD = 0.73) and activating (M = 4.39, SD =
1.2) effect was not that strong but was still reported.
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Figure 6 Mean score and standard errors of the described effects of the training in the
final questionnaire (Final) and the follow-up measurement after six months (Follow-up),
n = 32/26.
When we look at the integration of breathing techniques into everyday life, ujjayi was the most
practiced technique (M = 4.48, SD = 1.16), even after 6 months (M = 4.04, SD = 1.82). Also, 54.8% of
the participants described ujjayi as the easiest to learn, while 19.4% described the paced breathing
intervention as the easiest to learn. On average, participants described paced breathing as
moderately easy to implement in everyday life (M = 3.58, SD = 1.92). The follow-up measurement
showed that the breathing techniques except ujjayi were difficult to implement (paced breathing:
M = 2.43, SD = 1.8; kapalabhati: M = 1.68, SD = 1.13; and alternate nostril breathing: M = 2.43, SD =
1.41). Also, immediately after the training, kapalabhati and the alternate nostril breathing were
described as “merely useful” (kapalabhati: M = 3.32, SD = 1.81; alternate nostril breathing: M = 3.39,
SD = 1.65). Kapalabhati was described as the most difficult to learn by 48.4% of the participants.

Figure 7 Mean score and standard errors of the described integration of breathing
techniques in everyday life in the final questionnaire (Final) and the follow-up
measurement after six months (Follow-up), n = 32/26.
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4. Discussion
Since yoga promotes a balanced development of the physical, mental, and spiritual well-being of
human beings, yogic courses have become one of the most sought-after courses around the world.
An increasing number of studies are being conducted to understand the effectiveness of various
yogic techniques, which further validates the growing interest of society in its benefits. While many
engage in yoga for physical exercise and “simple” relaxation, its utilization beyond these aspects
remains undiscovered. Apart from this, some people have a critical view of relaxation techniques,
mindfulness, and the perceived spiritual and meditative aspects of yoga. As breathing techniques
are the main component of different yogic practices, in this research, we studied the effectiveness
of these techniques on a psychological level in a short-term intervention; they can be used as a
support in everyday life and, in the future, as a complementary self-regulatory tool in
psychotherapeutic treatment.
The goal of this study was to evaluate a breathing-based toolbox for self-regulation in everyday
life. While not all hypotheses were confirmed, specific patterns of effects emerged for the individual
breathing techniques, which were not seen in the control data of the baseline measurements. Ujjayi
breathing showed a relaxing effect, reduced stress and tension, and increased peacefulness and
being at ease. Paced breathing resulted in a greater awareness of inner experiences. Kapalabhati
showed a significant increase in vitality and joy of life. In contrast, the alternate nostril breathing
technique showed no hypothesis-compliant changes. However, compared to the previous
intervention, subjects reported lower values for some scales, which was significant for vitality and
joy of life.
Consistent with our first hypothesis, participants reported reduced levels of stress and tension
and increased levels of peace and ease/leisure after practicing ujjayi for two weeks. It was also the
technique participants found easiest to learn and was used most often in everyday life. Participants
also described a higher accepting and non-judgmental attitude, which could be explained by the
basic principles taught in the first intervention. In this intervention, the participants were given
training on the perception of body and focus of breath with an attitude of mindfulness and
acceptance, that is, without evaluation and interference. In order to practice this attitude, the first
module already seemed sufficient, since the latter part consisting of the alternate nostril breathing
technique did not result in any significant increase in accepting and non-judgmental attitude.
Practicing paced breathing was meant to enhance concentration. Participants described no
significant changes in their ability to concentrate and react, but reported, in agreement with the
hypothesis, an improvement in the awareness of inner experiences. It is possible that the audio files
helped participants to train their focus with the auditory cue and connect it with the inner process
of breathing. The lack of a general increase in concentration, except for the development of inner
awareness, should be controlled with the evaluation of objective data. The development of inner
awareness might indicate an increased capacity for focused attention and the associated
enhancement of concentration.
The practice of kapalabhati, a mild form of hyperventilation, was supposed to activate and
enhance participants’ concentration. Data showed higher vitality and joy of life after practicing
kapalabhati but no significant enhancement of concentration. However, this should be validated
with an objective attention test, which could detect changes.
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Our fourth hypothesis predicted that alternate nostril breathing would have a balancing effect
on the participant’s arousal level, would lead to a higher accepting and non-judgmental attitude,
and would result in higher satisfaction with the current state of the body. Self-report measures after
the practice of this breathing technique showed a different picture than the measures after the
other interventions. After two weeks of training and practicing alternate nostril breathing,
participants reported reduced scores, such as a significant reduction in subjective vitality and joy of
life. It seemed that compared to other interventions, this intervention might not have any specific
benefit. It was also one of the more complicated interventions, and some participants had trouble
during the training in closing one nostril as they felt that they were not getting enough air through
the other nostril. Because of the specific hand position and visibility to the outside world, this
technique was not incorporated well by the participants; it was rarely mentioned in the
questionnaires neither in terms of the easiest (6.5% of participants) nor the most difficult breathing
technique (3.2% of participants). It is possible that the wider, balancing effect of this breathing
technique requires more practice and that the benefits of slow and regular breathing were already
well perceived by the participants with the practice of ujjayi and paced breathing. The reduced
vitality and joy of life could be caused by the reduced airflow through one nostril, which was
reported by some participants.
In the final questionnaire, i.e., after the breathing training, participants reported a calming as
well as a balancing effect. At the end of the training, participants integrated breathing techniques,
especially ujjayi, into their everyday life. The other techniques were less often used in everyday life.
After six months, the follow-up measurement revealed the same preference for ujjayi; the other
techniques were not remembered that well. This may be because of the difficulty levels of other
breathing techniques. Ujjayi is the simplest technique and was taught at the beginning of the
training for all subjects. Because ujjayi interferes least with individuals’ breathing rhythm, practicing
it could have been comfortable. Denot-Ledunois, Vardon, Perruchet, and Gallego (1998) tested the
effect of changes in breathing frequency and respiratory comfort. They found feelings of task
difficulty to be correlated to respiratory comfort [28], in the way that the higher the task difficulty
during voluntary controlled breathing (due to larger discrepancy from spontaneous pattern), the
lesser the respiratory comfort would be. In our study, the participants may not have been
comfortable with the new breathing technique because the time to deepen the technique and to
practice them in everyday life between the interventions might have been too short.
These results suggest that the different breathing techniques could have different effects on the
subjects. Therefore, they can be used as a tool for self-regulation, even in therapeutic contexts, and
practiced every day. In psychotherapy, some single breathing techniques, e.g., slow breathing into
the abdomen to reduce arousal during panic attacks, are already being used [29]. This can give
patients increased feelings of safety and a sense of self-efficacy in dealing with their own level of
arousal. Becoming aware of the breath and practicing breathing techniques could lead to a steady
flow of breath, such as while breathing following a strict protocol to prolong the breath. It would be
important to further investigate whether practicing these breathing techniques also leads to lower
variability in everyday life. However, some effects of high variability have already been researched.
There are some studies showing a connection between a high variability of breathing patterns and
negatively associated states. Studies have indicated that patients with remitted depression
exhibited higher variability in their breathing pattern during induced negative emotions compared
to healthy controls [30]. Higher variability in breathing patterns was also related to lower daily life
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mood. While feeling emotions with high arousal, breathing pattern seems to change and be less
regular [31], and studies have associated specific breathing patterns to basic emotions [32]. In
combination with our study, it would be promising to study the different profiles of individual
breathing techniques. One of the greatest advantages of the breath is that it is always available, and
no additional materials are needed to use it. The initial teaching of the breathing techniques does
not take much time, and the doubts regarding its usage in everyday life can be cleared by discussions.
Therefore, by practicing these techniques, patients learn to regulate different mental states with
different breathing techniques independently. It would offer new possibilities to use the breath not
only for lowering vegetative arousal but also, for example, for increasing vitality and improving focus
and self-awareness.
A limitation of the study is the small sample size. Also, due to the permuted design, carry-over
effects may have occurred, which cannot be fully excluded. However, due to the complete
permutation of the three interventions after ujjayi, carry-over effects can be expected to be less
systematic compared to a design with a fixed sequence of interventions for all participants. In this
design, a waiting control group could have been implemented via the different starting points of the
three groups. Also, no comparison was made with training without respiratory focus. It is also
important to analyze physiological data to verify the differential results of the questionnaires.
5. Conclusions
The results of the present study suggest differential effects for different breathing techniques.
This could significantly expand the application of breathing—from an intervention used more in the
relaxation domain toward a tool that can induce both relaxation and activation or promote
awareness, depending on the need of the person. Further research is needed to validate the effects
and to further understand the relationships between effect profiles and implemented breathing
patterns. Also, the evaluation of physiological data is important to capture more objective measures
to describe the effects.
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Abstract
Homeopathy, a system of Traditional and Complementary Medicine (T&CM, according to
WHO definition), is under frequent attack by skeptics because of its supposed “lack of
evidence.” To overcome the distrust of skeptics and the public, many databases have been
created, which focused on collecting all the published and indexed studies; however, none of
these seem to be “comprehensive” and systematic enough. Therefore, this study aimed to
evaluate the most reliable and available homeopathic studies in order to systematize the best
evidence at all levels of research (studies based on humans, animals, and plants, randomized
controlled trials [RCTs], observational studies, fundamental studies, etc.). A dynamic database
was created containing 1,146 reliable pieces of evidence. It is being updated every three
months and is available both for the whole homeopathic community and for the patients,
Institutions, stakeholders, and skeptics. In the last 50 years, evidence in homeopathy has been
increasing both at a quantitative and qualitative level. Unfortunately, it is not well known by
the homeopaths themselves and also by the medical and scientific community. Therefore, a
comprehensive database will not only support homeopaths but also assist in the better
promotion and worldwide recognition of homeopathy as a significant field of medicine.
© 2021 by the author. This is an open access article distributed under the
conditions of the Creative Commons by Attribution License, which permits
unrestricted use, distribution, and reproduction in any medium or format,
provided the original work is correctly cited.
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1. Scientific Research in the Era of EBM
Since the early 1990s, EBM (evidence-based medicine) has redefined the parameters for
scientific research, especially in biomedicine and professional practice. In this context, the quality
of clinical study has become crucial both in patient management and health policy choices. The
quality of a clinical study must generally take account of ten aspects:
1. Description of the characteristics of enrolled patients
2. Study design
3. The sample size of patients
4. Description of the randomization
5. Blindness
6. Treatment description
7. Description of measurement modes
8. Patients who completed the study
9. Statistical suitability
10. Type of medical team
The study must also be published in a peer-reviewed journal, i.e., it must be assessed by a
committee of referees. The journal must be indexed in biomedical databases (PubMed, Scopus, BVS,
etc.), and it may have an Impact Factor (I.F.)
2. Scientific Research in Homeopathic Medicine: Peculiarities and Criticalities
One of the objections that has always been raised against homeopathy is the “lack of clinical
evidence”, which is the fruit of deficient or poor scientific research. Based on this, its therapeutic
effect is credited to the placebo effect [1, 2]. However, history indicates that homeopathy was
developed under the sign of research and experimentation: Hahnemann was, in fact, the first
physician to ever test and rigorously catalog the symptomatology produced by the pure action of
substances on a healthy subject so that it could be used therapeutically on a patient. Following his
teachings, long before the development of clinical trials, other homeopaths tested the actions of
medicinal products with double-blind [3, 4] and multi-center study techniques. In terms of
methodology, the leap in quality research in homeopathy dates to the 1970s–80s, when a series of
studies with more stringent criteria started to be carried out. With the advent of the EBM culture
(1991–92), scientific production has substantially increased both quantitatively and qualitatively,
especially over the past decade. However, for correct evidence evaluation, it is necessary to take
account of the peculiarities and criticalities central to homeopathy, such as:
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•

•

The personalization of the treatment and modulation of posology (the science of dosage)
with respect to the practice of protocols usually adopted by “conventional” research, which
is known to disregard individual differences.
The dilutions used, where the remedies are often so diluted that they become undetectable
in the pharmacokinetic analysis unless extremely sophisticated equipment is used.

3. A Dynamic Database: Rationale
To verify the existence and value of scientific research in homeopathy, a “DYNAMIC DATABASE”,
which is a constantly updated database, was created (http://database.fiamo.org). Below are the
inclusion/exclusion criteria considered for the creation of this database (Table 1).
Table 1 Inclusion/Exclusion Criteria.
Inclusion Criteria:

Exclusion Criteria:

Published and indexed studies based on
homeopathic medicinal products (since
1949)
Both positive and negative studies
References drawn from: Pubmed, Embase,
SCOPUS, Core-Hom, Google Scholar, and
BVS
A relevant link to the abstract was included
for each reference (sufficient and necessary
condition)

Studies based on complementary or alternative
medicine (CAM) in general and/or mixed studies
(with homeopathic medicinal products and
CAM)
Books and conference proceedings
Journals not accessible via the Internet
Posters
Educational magazines
Publications with editorial discretion
Publish and perish
Currently being reviewed (comments and brief
notes)

Homeopathy-based research is being conducted in various fields; therefore, the database was
organized accordingly based on the relevant areas of interest:
−

−
−
−
−

Agro-homeopathy: It uses homeopathic medicinal products to treat plants, including plants
grown in the greenhouse and open fields. It is based on standardized, quickly applicable,
relatively inexpensive experiments, without ethical implication or placebo effect.
Chemical-physical research: It studies the chemical-physical properties of extremely diluted
solutions (EDS), where the diluted homeopathic medicine is dissolved into the solvent.
Preclinical research (lab): It utilizes “in vitro” or “in vivo” models to study possible
mechanisms of action of homeopathic medicinal products.
Case reports: Individual clinical cases of patients treated with homeopathic medicinal
products.
Clinical research (observational or non-interventional studies): It explores the clinical effect
of homeopathic medicinal products by observing the evolution of the disease/medical
condition in response to the pharmacological therapy prescribed.
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−
−
−

−

Clinical research (RCT or interventional studies): It explores the clinical efficacy of
homeopathic medicinal products compared with placebo or with a control drug.
Qualitative or narrative systematic reviews: They are a collection of clinical studies,
describing them with a qualitative and/or narrative approach.
Systematic reviews with meta-analysis: They analyze the results of a series of clinical studies
answering a specific clinical question, thereby statistically establishing the efficacy of the
pharmacological therapy under study.
Veterinary: It assesses the clinical and experimental efficacy of homeopathic medicinal
products in the treatment of farm and/or pet animals.

4. Study Quality
To assess the quality of the studies, evaluation scales are generally used where scores are
collected and assigned to the parameters analyzed, such as study design, optimal conduct of the
research under scrutiny, reporting quality, and completeness of the description of the study for
publishing purposes (Table 2).
Table 2 Evaluation Scales.
STUDY DESIGN
QUALITY CHECKLIST
GUIDELINES
GRADE
Systematic Review With Amstar
Meta-Analysis
Rct
Jadad Scale
Controlled/NonRandomized Study
Cohort Study
Newcastle-Ottawa Scale

REPORTING CHECKLIST

Case-Control Study

Strobe

Newcastle-Ottawa Scale

Longitudinal Study

Prisma
Consort
Trend
Strobe

Strobe
Www.Equator-Network.Org

5. Database: Instructions for Use
All the studies included have been provided with “masks” to search for the main reference
parameters of the study (Table 3 and Figure 1):
Table 3 Masks related to study parameters.
Year of publication

First author

Journal

Page/Volume

Title

Type

Keywords

Link to abstract/full text

For RCTs, other masks were added, referring to:
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•
•
•
•

Pathological condition studied
Therapy with homeopathic medicinal products, individualized or not
Published in a peer-reviewed journal, or not
Comparison with placebo or OTP (Other Than Placebo)

Figure 1 Masks related to study parameters.
Filters were added (Add filter) to make it easier to launch “historical” queries (e.g., Year, Author,
Journal, Design, and Keywords) (Figure 2).

Figure 2 Filters: how to launch queries.
You can also sort by:
•

Medicinal product, in the different sections, by clicking on the top right box (Search), e.g.,
Mercurius (Figure 3).
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Figure 3 Filters: how to find medicines used in the studies.
•

Category (specialization), study design, pathological condition, etc., by clicking on the
relevant column (Figure 4).

Figure 4 Filters: how to search for studies based on specialization, design, disease, etc.
6. Results
To facilitate the understanding of homeopathy, we created a database containing almost 1,146
reliable studies. The results of the below-mentioned studies indicate encouraging outcomes of
homeopathic research:
Systematic reviews:

101

Metanalyses:

26

RCTs:

247

Observational:

128

Veterinary:

109

Agro-homeopathy:

96

Pre-clinical:

219

Chemical-physical:

156

Case reports:

64
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Based on the above-mentioned special filters, it is possible to select the studies according to year,
author, journal, title, topic, page, condition, model, and category, thereby making the search userfriendly.
The database, which is safe because of password protection, has been implemented in the Italian
Federation
of
Homeopathic
Associations
and
Homeopaths
(FIAMO)
website
(https://database.fiamo.org/). Moreover, it is being updated every three months and shared with
the whole (national and international) homeopathic community. It will also be available to patients,
Institutions, stakeholders, and media.
From 2020, it became an official document recognized by the most important and qualified
homeopathic organizations worldwide (LMHI, ECH, and EUROCAM).
7. Conclusions
In the last 50 years, clinical studies on homeopathic medicines have been increasing both at a
quantitative and qualitative level. Unfortunately, they are not well known by the homeopaths and
also by the medical and scientific community. A comprehensive database is fundamental for the
better outreach of easy-to-find high-quality research to all members of society, including the
homeopathic community, scientists interested in the subject, and students.
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