Open Access

OBM Integrative and
Complementary Medicine

OBM Integrative and
Complementary Medicine
2020 Volume 5, Issue 2

Editor-in-Chief

Professor Gerhard Litsche
Printed Edition Published in
OBM Integrative and Complementary Medicine

http://www.lidsen.com/journals/icm

I

Editorial Office
OBM Integrative and Complementary Medicine Editorial Office,
73 Hongkong Middle Road, Qingdao, China
Tel./Fax: +86-532-8979-9572
LIDSEN Publishing Inc.
2000 Auburn Drive, One Chagrin
Highlands, Suite 200, Beachwood, OH 44122, USA
Tel.: +1-216-370-7293
Fax: +1-216-378-7505
http://www.lidsen.com/
This is a reprint of articles from the Issue 2 published online in the open access
journal OBM Integrative and Complementary Medicine (ISSN 2573-4393) from April
1, 2020 to June 30, 2020.
Available at: http://www.lidsen.com/journals/icm/icm-05-02
For citation purposes, cite each article independently as indicated on the article
page online and as indicated below:
LastName, A.A, LastName, B.B, LastName, C.C. Article Title. Journal Name Year;
Volume(Issue):Article Number; doi.

© 2020 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.
II

Contents
Krisztian Kasos, Luca Csirmaz, Fanni Vikor, Szabolcs Zimonyi, Katalin Varga, Anna Szekely
Electrodermal Correlates of Hypnosis: Current Developments
Reprinted from: OBM Integrative and Complementary Medicine 2020;5(2):20;
doi:10.21926/obm.icm.2002017. ........................................................................................................ 1
Ronald J. Pekala, Kevin Creegan
States of Consciousness, the qEEG, and Noetic Snapshots of the Brain/Mind Interface: A Case
Study of Hypnosis and Sidhi Meditation
Reprinted from: OBM Integrative and Complementary Medicine 2020;5(2):35;
doi:10.21926/obm.icm.2002019 ............................................................................................... 21
Lisa Vogelgesang, Damien Moore, Paul D. Loprinzi
Effects of Exercise on Cognition across the Lifespan
Reprinted
from:
OBM
Integrative
and
Complementary
Medicine
2020;5(2):7;
doi:10.21926/obm.icm.2002020. ...................................................................................................... 56
Paulo Henrique Fernandes de Oliveira, Reginaldo de Carvalho Silva Filho
Tongue Acupuncture as an Alternative Method for Treating Rosacea–A Case Report
Reprinted from: OBM Integrative and Complementary Medicine 2020;5(2):11;
doi:10.21926/obm.icm.2002021. ...................................................................................................... 63
Valérie Morin-Alain, Eddy Larouche, Anne-Marie Chouinard,Marie-Claude Audet, Sonia Goulet,
Louis-Simon Rousseau, Carol Hudon
Effects of a Mindfulness-Based Intervention on Circulating Cytokine Levels in Individuals with
Amnestic Mild Cognitive Impairment: A Pilot Study
Reprinted from: OBM Integrative and Complementary Medicine 2020;5(2):24;
doi:10.21926/obm.icm.2002022. ...................................................................................................... 74
Giuseppe De Benedittis
Neural Mechanisms of Hypnotic Analgesia
Reprinted from: OBM Integrative and Complementary Medicine 2020;5(2):14;
doi:10.21926/obm.icm.2002023. ...................................................................................................... 98
Heidrun Männle, Birthe Osorio, Karsten Münstedt
Effectiveness of Aromatherapy in Alleviating Palliative Symptoms and Its Possible Side Effects: A
Literature Review
Reprinted from: OBM Integrative and Complementary Medicine 2020;5(2):11;
doi:10.21926/obm.icm.2002024 ..................................................................................................... 112

III

Barbara Schmidt, Teresa Deffner, Jenny Rosendahl
Feeling Safe during Intensive Care: Protocol of a Pilot Study on Therapeutic Suggestions of
Safety under Hypnosis in Patients with Non-Invasive Ventilation
Reprinted
from:
OBM
Integrative
and
Complementary
Medicine
2020;5(2):8;
doi:10.21926/obm.icm.2002025.. ................................................................................................... 123
Gerhard Litscher
Can Laser Medicine and Laser Acupuncture be used for COVID-19? Selected Areas of the Current
Scientific Literature
Reprinted
from:
OBM
Integrative
and
Complementary
Medicine
2020;5(2):6;
doi:10.21926/obm.icm.2002026.. ................................................................................................... 131
Lucy Watts, Joanna Smith, Wilfred McSherry, Michael Tatterton, Alison Rodriguez
Correction: Watts L, et al. Stakeholder Perceptions of Dignity Therapy for Children and Young
People with Life-Limiting and Life-Threatening Conditions in the UK. OBM Integrative and
Complementary Medicine 2020; 5: 19
Reprinted
from:
OBM
Integrative
and
Complementary
Medicine
2020;5(2):3;
doi:10.21926/obm.icm.2002027.. ................................................................................................... 137
Audrey Vanhaudenhuyse, Anne-Sophie Nyssen, Marie-Elisabeth Faymonville
Recent Insight on How the Neuroscientific Approach Helps Clinicians
Reprinted from: OBM Integrative and Complementary Medicine 2020;5(2):20;
doi:10.21926/obm.icm.2002028.. ................................................................................................... 140
Joseph P. Green , Steven Jay Lynn, Olivia J. Green, Victoria R. Bradford, Rouhangiz Rasekhy
Hypnotic Responsiveness and Dissociation: A Multi-Variable Analysis
Reprinted from: OBM Integrative and Complementary Medicine 2020;5(2):21;
doi:10.21926/obm.icm.2002029.. ................................................................................................... 160
Gerhard Litscher
Efficacy of LED Infrared Warming in the Periphery of the Human Body – First Investigations in a
Subject using Thermography
Reprinted from: OBM Integrative and Complementary Medicine 2020;5(2):10;
doi:10.21926/obm.icm.2002030.. ................................................................................................... 181
Sharon Clevenger
Thinking outside the Box: Could there be a Plant-Based Treatment for Coronavirus Infections? A
Review of the Literature
Reprinted from: OBM Integrative and Complementary Medicine 2020;5(2):16;
doi:10.21926/obm.icm.2002031.. ................................................................................................... 191

IV

Open Access

OBM Integrative and
Complementary Medicine

Research Article

Electrodermal Correlates of Hypnosis: Current Developments
Krisztian Kasos 1, 2, Luca Csirmaz 2, Fanni Vikor 2, Szabolcs Zimonyi 2, Katalin Varga 2, Anna Szekely 2
1. Doctoral School of Psychology, ELTE Eötvös Loránd University, Budapest, Hungary; E-Mail:
krisztian.kasos@ppk.elte.hu
2. MTA-ELTE Lendület Adaptation Research Group, Institute of Psychology, ELTE Eötvös Loránd
University, Budapest, Hungary; E-Mails: lucsirmaz@gmail.com; vikorfanni30@gmail.com;
zimonyiszabolcs@gmail.com; varga.katalin@ppk.elte.hu; szekely.anna@ppk.elte.hu
* Correspondence: Krisztian Kasos; E-Mail: krisztian.kasos@ppk.elte.hu
Academic Editor: Giuseppe De Benedittis
Special Issue: Hypnosis: from Neural Mechanisms to Clinical Practice
OBM Integrative and Complementary Medicine
2020, volume 5, issue 2
doi:10.21926/obm.icm.2002017

Received: February 07, 2020
Accepted: March 23, 2020
Published: April 01, 2020

Abstract
Hypnosis has proven to be an effective treatment in disorders that affect the autonomic
nervous system (ANS). However, the studies investigating the nature of its effect on the ANS
have reported contradictory results. Measurement of electrodermal activity (EDA) is an
objective way to assess the activity of the sympathetic branch of the ANS. We aim to
elucidate the effects of hypnosis on EDA. Here, we report the results of two studies, both
investigating the psychophysiological effects of hypnosis.In the first experiment, subjects
engaged in an HGSHS:A group hypnosis session to measure their hypnotizability. EDA was
measured bilaterally from their wrists. We found a significant reduction in EDA levels and
the number of nonspecific responses during the hypnotic induction phase. This effect was
observed in all three hypnotizability groups—high, medium, and low hypnotizables.
A three-way interaction confirmed that EDA patterns on the left and right sides were
characteristically different in these three groups. Left-side dominance was typical in high
hypnotizables, whereas low hypnotizables were characteristically right-sided. EDA levels of
the two sides remained synchronous in medium hypnotizables. During the suggestion phase,
© 2020 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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we found significant differences in EDA levels depending on the test suggestions, modulated
by hypnotizability. A suggestion, harder to respond to, elicited higher arousal in high
hypnotizables as compared to low hypnotizables.
In the second experiment, we performed five consecutive hypnosis sessions to confirm the
reproducibility of the most prominent effect found in Study 1—a gradual decrease in the
level of skin conductance during hypnotic induction. We also confirmed that this effect is
independent of the hypnotizability level.
We conclude that arousal is bilaterally reduced during hypnosis induction, which is
persistent across different levels of hypnotizability. At the same time, lateral differences
define unique EDA patterns in the induction phase, characterizing high, medium, and low
hypnotizables.
Keywords
Bilateral; electrodermal; EDA; group measurement; hypnosis

1. Introduction
Hypnosis is a state of consciousness that is characterized by focused attention and decreased
peripheral awareness, accompanied by an increased capacity to respond to suggestions [1]. During
hypnosis, the subjects often report changes in time sense, body image, memory, self-awareness,
and volitional control, all associated with an altered state of consciousness [2]. Hypnosis is a
product of the procedure called hypnotic induction [1]. A hypnotic state is achieved when
individuals respond to suggestions in an automatic fashion, ignoring environmental stimuli, other
than those pointed out by the hypnotist. In this state, the individual tends to see, feel, and smell in
accordance with the hypnotist’s suggestions, even though these suggestions may be in
contradiction to the actual stimuli present in the environment. The degree to which people
respond to suggestions is called hypnotizability. It is typically measured on a scale ranging from
low to high. It is a stable, trait-like characteristic that does not change significantly over time;
measured 25 years later, the correlation remains high with r = 0.75 [3]. We usually divide people
into three groups—low, medium, and high hypnotizable individuals. Low and high hypnotizables
are often compared in research as the two ends of the continuum [4]. There are standardized
procedures to induce hypnosis and to measure hypnotizability. They involve rapport building
followed by a hypnotic induction, various test suggestions, and a deinduction [5, 6].
Hypnosis has long been known as a useful therapeutic tool for various psychological and
physiological disorders, including chronic headaches, hypertension, and various forms of anxiety
[7]. It is particularly efficient for disorders that are characterized by changes in the autonomic
nervous system. The reason for this efficacy may lie in the reduction in psychophysiological
arousal and the modulation of autonomic activity [8-10]. Forbes and Pekala (1993)[8] reported
that self-hypnosis training produced psychological improvements associated with reduced anxiety,
reduced pulse rate, and increased skin temperature [8]. Kanji and colleagues (2006)[11]
demonstrated that eight sessions of autogenic training lowered state and trait anxiety levels as
well as systolic and diastolic blood pressure [11]. Hypnosis can also be an adjuvant treatment for
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major depression, a disorder that is associated with autonomic nervous system changes, such as
decreased heart rate variability [12]. Chen and colleagues (2017) [12] found that heart rate
parameters significantly improved in the hypnotic and post-hypnotic conditions compared to the
pre-hypnotic condition. Thus, they concluded that hypnotic treatment might bring improvements
in vegetative functions [12].
Measuring electrodermal activity can be an unobtrusive and cost-effective way to gain
information about the autonomic nervous system [13]. The ease of use and the widely available
technology have made the measurement of electrodermal activity (EDA) a popular tool in
hypnosis research. Tools measuring skin conductance (SC) make use of the eccrine sweat glands,
which are exclusively innervated by the sympathetic nervous system (SNS) [14, 15]. Thus, the tonic
component of skin conductance, skin conductance level (SCL), is an excellent way to gauge the
background level of the SNS. In contrast, the phasic component, skin conductance response (SCR),
provides information about the autonomic responses to the given stimuli. The tonic component is
characterized by slow changes; whereas, the phasic components change faster. Dawson and
colleagues provided a detailed description of the different components of skin conductance [15,
16]. Determining the measurement sites for EDA is important since the density of eccrine sweat
glands differs in different parts of the body. The most responsive sites to measure electrodermal
activity are the palmar and plantar surfaces (for a recent bilateral analysis of traditional and
alternate measuring sites, see Kasos et al., under review).
In the following section, we summarized the research results concerning the relationship
between EDA and hypnosis. The studies are listed in chronological order.
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Table 1 Summary of research results regarding EDA and hypnosis.
Authors &
year
Levine, 1930

Purpose of the research

N

EDA during hypnosis

6

Estabrooks,
1930
Davis&Kantor
,
1935

EDA during hypnosis

20

Measurement
side
place
Bi
palms
hands
Uni
hand

EDA during hypnosis

71

Uni

Brown &
Vogel, 1938
West et al.,
1952

hypnosis
during
pain 3
stimulation
effects of hypnosis on 7
noxious stimuli

Sears &
Beatty, 1956

Type of
induction
of -

Hypnotizability
measurement
-

-

-

-

medial
phalanges of
index
and
middle fingers
of the right
hand
-

-

-

-

differentiate
between 24
waking state and hypnotic
state based on EDA

-

-

-

Barber &
Coules, 1959

EDA during hypnosis

Uni

palm

-

Shor, 1962

physiological

Uni

palm

-

effects

6

of 16

Main findings
No differences between waking state
and hypnosis.
EDA decreased in hypnosis.
Difference between active and
passive hypnosis. In the active part of
hypnosis, EDA resembled EDA in the
awake state while in passive hypnosis
resembled EDA during sleep.

-

No electrodermal signs of pain
perception in hypnosis.
Hypnotic
suggestions
reduce
electrodermal responses to painful
stimuli.
Davis
and No difference between the hypnosis
Husband scale of and awake condition.
hypnotic
susceptibility
Three subjects had high, and three
had lower EDA during the induction.
Subjects showed rising EDA during
test suggestions; in addition, active
suggestions (for example, suggested
hallucination) elicited higher arousal.
No differences in electrodermal
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painful stimuli in hypnosis
Tart, 1963

effects of self-reported 11
hypnotic depth and EDA

Bi

foot

arm levitation,

-

Stern et al.,
1963

how hypnotically induced 14
amnesia alters recently
acquired
behavior
and
electrodermal correlates

-

-

free induction

-

Edmonston &
Pessin, 1966
Fehr &
Stern,1967

the
relation
between 22
hypnosis, learning, and EDA
effects of hypnosis on 24
relevant and irrelevant
stimuli
the
relation
between 51
self-reported hypnotic depth
and EDA

Uni

index
and middle fingers
SSHS:A

Uni
right

palm

passive trance HGSHS: B
induction

Pessin et al.,
1968

effects of hypnosis induction 40
on EDA

-

-

Edmonston,
1968

effects of hypnosis on EDA

45

-

-

the modified not measured
version of the
Stanford scale
SHSS:B
HGSHS

Serafetinides,
1968

effect of hypnosis on EDA

1

-

-

-

O’Connel et
al., 1968

-

not measured
HGSHS: A

not controlled

response between hypnosis and
simulator group to painful stimuli.
Falling EDA during induction and
varied EDA (rising and falling) during
test suggestions.
No differences in EDA between
hypnosis and control condition.
EDA showed an increase at the
beginning, followed by a decrease
and an eventual increase again in
hypnosis.
No differences in skin conductance
between hypnosis and control group.
The hypnosis group showed lower
electrodermal orienting responses
than the control group.
Arousal
correlates
with
hypnotizability. EDA changes during
hypnosis reflect the quality of the
rapport more than self-reported
hypnotic depth.
Lower number of nonspecific
responses in the hypnosis condition
than in the control condition.
The hypnosis group had lower
number of spontaneous fluctuations
than the control group. The groups
did not differ in the number of
electrodermal orienting responses.
More
frequent
electrodermal
responses during hypnosis compared
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Paul &
Trimble, 1970

compared live and recorded 30
hypnosis

-

-

eye
fixation not controlled
method

MC Ammond
et al., 1971

effectiveness of relaxation 27
and hypnosis training on
stress reactions at the
dentist
EDA differences between 33
hypnosis
and
awake
conditions

-

-

Bi

palms

specific
not controlled
induction
performed by
the dentist
audio recorded controlled but
self-hypnosis
not specified
induction

Bauer &
McCanne,198
0

effects of hypnosis on the 12
ANS

Uni

Gruzelier et
al., 1985

habituation to auditory 30
stimuli in hypnosis

Bi

medial
phalanges of
the index and
fourth fingers
medial
phalanges of
the index and
middle fingers

Gruzelier et
al., 1988

differentiate between those 18
who are in hypnosis and

Bi

Tebecis et
al.,1976

medial
phalanges

of

to baseline.
EDA reduction during hypnosis, no
difference between live or recorded
sessions.
High baseline EDA level subjects
benefitted more from hypnosis and
relaxation training.

EDA decreased during both hypnosis
and control condition; however, there
was a more substantial decrease in
the hypnosis condition.
standardized
HGSHS: A
Lower levels of nonspecific responses
audio recorded
during hypnosis compared to post
induction
hypnosis. EDA was reduced in both
simulator and hypnosis group.
audio recorded scale
prepared Both high and low hypnotizables
eye
fixation for
this showed higher right-side skin
method
experiment
conductance level. High hypnotizables
had a lower number of nonspecific
SCRs. High hypnotizables showed
higher left side responses to tones
during baseline compared to right
side responses, and this was the
opposite
in
hypnosis.
High
hypnotizables
showed
faster
habituation to standard tones than
low hypnotizables, and hypnosis had
a suppressant effect on sensitization.
Hypnosis
Barber
Induction phase: higher left side SCL
induction was Suggestibility
compared to the right side in the
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those
who
hypnosis

simulate

the index and audio recorded
middle fingers

Scale

Sturgis &
Coe,1990

psychophysiological
responsiveness
hypnosis

22

Uni

proximal
the modified HGSHS:
phalanges of version
of SHSS: C
the
SHSS:C
non-dominant
hand

Kinnunen et
al., 1994

detecting deception in the 22
hypnotized

Uni

Paul et al.,
1996

physiological effects
relaxation and hypnosis

Uni

distal
HGSHS: A
phalanges of
the index and
middle fingers
of
the
non-dominant
hand
dominant foot eye
fixation not controlled
method

during

of 60

A

hypnosis group while the simulator
group had higher right side SCL
compared to left side SCL. Simulators
showed more frequent nonspecific
SCRs in the beginning stages of the
induction.
Hypnosis phase: both groups showed
higher left side SCL.
Habituation to tones facilitated in the
hypnosis group, while retarded
habituation
characterized
the
simulator group.
and No baseline differences between high
and low hypnotizables. No differences
in EDA between high and low
hypnotizables.
Lower
skin
conductance during induction and
dream suggestion than during other
suggestions.
No difference in SCR magnitudes
between hypnosis and awake
condition.

Both relaxation and hypnosis
produced lower SCL. Training effect
reported in the hypnosis condition.
Lower skin conductance in the second
session than in the first session.
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De Pascalis et
al., 1999

psychophysiological effects 29
of hypnotic analgesia

Uni

medial
Stanford
phalanges of clinical scale
the index and
middle fingers
of the left
hand

SHSS: C

De Pascalis et
al., 2004

evaluating the cognitive load 30
of hypnotic analgesia

Uni

SHSS: C

Kekecs et al.,
2016

effect of hypnosis on the 121 Uni
ANS

Kinnunen et
al., 2016

true hypnosis experience or 14
complying

medial
phalanges of
the index and
middle fingers
of the left
hand
medial
phalanges of
the index and
middle fingers
of the nondominant
hand
non-dominant
hand

Uni

Stanford
clinical scale

The fewer number of SCRs in hypnosis
than in awake condition in response
to
pain
stimulation.
High
hypnotizables had a lower number of
SCRs than low hypnotizables. High
hypnotizables had lower amplitude
responses than medium and low
hypnotizables. Higher amplitude
responses for all in the waking
condition than in hypnosis.
High hypnotizables had lower
amplitude SCRs, in response to
auditory stimuli in hypnosis, than
medium and low hypnotizables.

audio recorded HGSHS: A
WSGC

No differences between low and high
hypnotizables. Lower SCL was found
between pre and post induction in
the hypnosis group compared to the
music control condition.

modified
version of SHSS

In the hypnosis condition there was
no difference in SCR amplitude
between
neutral
and
critical
questions. SCR amplitudes differed in
the control condition.

HGSHS: A
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The studies are listed in chronological order. “N” –number of participants; “Uni” –unilateral
measurement; “Bi”–bilateral measurements; HGSHS – Harvard Group Scale of Hypnotic
Susceptibility [17]; WSGC–Waterloo Stanford Group Scale [5]; SHSS–Stanford hypnotic
Susceptibility Scale [6].
The characteristic points related to hypnosis and EDA, based on the above results, may be
summarized as below:
1. Regarding EDA levels, eight studies reported lower skin conductance during hypnosis compared
to pre-hypnosis, post-hypnosis, or control conditions. Only one study observed a higher level of
skin conductance during the hypnotic induction. Three studies found no difference between
the skin conductance levels in hypnosis and control condition.
2. Many studies reported that the number of skin conductance responses (SCRs) or nonspecific
SCRs were fewer during hypnosis than in control conditions. Others found that high
hypnotizable individuals had less nonspecific SCRs than the low hypnotizable subjects. SCRs
have smaller amplitudes in hypnosis, which is more prominent in high hypnotizables.
3. A research group published two studies with contradictory results regarding bilateral EDA.
1.1 Methodology in Hypnosis Research
Hypnosis research is riddled with methodological diversity. It would be most effective to use a
standard induction procedure to ensure the reproducibility of results. Using standardized scales
for measuring hypnotizability would also be beneficial to compare results.
From Table 1, it is clear that the standardized methodology of electrodermal measurements
and reporting would be beneficial. Dawson (2007) [16] recommended taking the measurements
from the distal phalanges of the index and middle fingers of the non-dominant hand. If those are
unavailable, current studies have reported alternative measurement sites (see Kasos et al., under
review). In the present study, we took the measurements from the wrists, as some of the test
suggestions required use of both the hands, including fingers. SCR window should be set between
1 and 5 s after stimulus onset [15]. The minimum threshold for SCR amplitude should be set to the
recommended 0.01 µS [14, 15].
Based on the above methodology, we hypothesized that:
1. SCL will reduce during the full hypnotic induction phase.
2. There will be fewer SCRs at the end of the induction compared to the beginning of the
induction.
3. The above differences will be more prominent in those who are more susceptible.
4. There will be lateral differences in EDA during the hypnotic induction and during test
suggestions, modulated by hypnotizability.
We performed a follow-up study to demonstrate that the most prominent effects found in
Study 1 are reproducible.
2. Methods
2.1 Study 1
We recruited 38 university students as our subjects (N = 38, Mean age = 21.11, SD = 1.75), who
were right-handed and had no prior experience in hypnosis. Exclusion criteria included the
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presence of mental illness and the use of drugs and alcohol, based on self-reporting. All
participants were Hungarians (Caucasian).
Procedure: Participants were invited to take part in a group hypnosis session, where their
hypnotizability was measured with the HGSHS: A (Költő, 2015). On arrival, the participants were
asked to fill out an informed consent form and briefed about the experiment. We attached the
electrodermal sensors to their left and right wrists. The wrists were chosen as an alternative to the
traditional palmar locations because certain test suggestions required both to be close together
(finger lock and hands moving together), which could cause unwanted artifacts. Participants were
asked to sit comfortably but as still as possible, to avoid movement throughout the EDA
measurement. A certified hypnotist read the hypnosis script, in the presence of a co-hypnotist.
After the hypnosis session, EDA sensors were removed, and the participants were asked to fill out
our questionnaires. At the end, the participants were debriefed.
2.2 Study 2
We recruited 19 Hungarian university students as subjects (N = 19, Mean age = 21.58,
SD = 4.07), who received course credit for their participation. This optional course was about
test-anxiety reduction techniques, and one of the techniques, they could experience was hypnosis.
Exclusion criteria included the presence of mental illness and the use of drugs and alcohol, based
on self-reporting.
Procedure: participants filled out an informed consent form, in the beginning of the semester.
Their hypnotizability was measured with the HGSHS:A on the same day. On the following five
occasions, each two-weeks apart, electrodermal sensors were attached to the proximal phalanges
of the middle and index fingers of their non-dominant hand. They were asked to sit as still as
possible to avoid movement during the measurements. An audio-recorded hypnosis script was
played for the participants. In all five sessions, hypnosis was induced according to the Hungarian
version of the Stanford Clinical Scale (SCS) (Morgan and Hilgard, 1978–1979), followed by
suggestions with the purpose of reducing test-anxiety. The SCS induction was chosen because it is
shorter than the HGSHS used in the first experiment. It was an important criterion in keeping the
interventions short. The hypnosis sessions lasted between 17 and 20 min. Once the recording was
over, electrodermal sensors were removed.
2.3 Data Collection and Processing
Hypnotizability scores were based on participants’ reactions to the suggestions in the hypnosis
session. Based on the scores, they were divided into three hypnotizability groups—i) low
hypnotizables with scores 4 or below, ii) medium hypnotizables with scores between 5 and 8, and
iii) high hypnotizables with scores of 9 and above.
First, we measured raw skin conductivity every 125 ms for the first 10 min of the hypnosis
session (induction phase) and during suggestions (hypnosis phase). EDA was analyzed in Ledalab
3.4.8 [18]. For smoothing, a Gaussian window was applied. SCL was extracted by optimized
continuous decomposition analysis.
Next, we calculated subject-independent EDA measures for the detailed analyses of the
induction phase of study 1. We aimed to reduce individual variability in electrodermal levels to
detect lateral changes with time, a characteristic of the three hypnotizability groups. Thus, data
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were standardized within individuals, using the average SCL values and the standard deviations
(SD) of the 2 × 480 data points of induction phase from both wrists, to calculate the Z-scored EDA
for every raw data point. Similarly, the number of SCRs was also standardized (Z-scored SCR)
within individuals, using the number of SCRs in every two minutes of the induction phase
measured from both wrists. The average number and SDs of SCR counts within the 2-minute
intervals were used for calculating Z-scores.
Then, we calculated the laterality coefficient. This procedure standardized the values between
−1 and +1. Negative numbers represent right side dominance, and positive numbers represent left
side dominance [4].
Finally, we applied the analysis of variance (ANOVA) to test the effects of time, suggestions,
hypnotizability, and laterality on psychophysiological responses during the induction/suggestion
phase. The following EDA measures were dependent variables—Z-scored SCL, laterality coefficient
values based on average SCL in every 2 minutes, and z-scored number of SCRs for each 2 minutes.
We tested the within subject factors, time and side (left and right), as well as the between subject
factor, hypnotizability (low, medium, and high).
3. Result
3.1 Study 1
3.1.1 Detailed Analyses of the Skin Conductance Level of the Hypnosis Induction
In the hypnosis induction phase, a standard set of preliminary instructions and suggestions are
communicated to the individuals being hypnotized. The way people reach or fail to reach the
hypnotic state is of vital importance; thus, we decided to analyze EDA responses to the first 10
min of the induction phase in a detailed fashion.
Based on the literature, we hypothesized a reduction in SCL during the hypnotic induction,
especially in those who score high on the hypnotizability scale. The three-way mixed ANOVA on
SCL during the 10-minute induction phase using side (left/right) and time as within-subject factors
and hypnotizability (low/medium/high) as a between-subject factor, resulted in a prominent effect
of time with F (4,140) = 2.65, p = 0.036, ηp2 = 0.07. The level of skin conductance decreased on
both sides during the induction process in all three groups. Figure 1 depicts changes in Z-scored
SCL during induction, averaged for the left and right hands of the three hypnotizability groups.
There were no other main effects.
There were no significant two-way interactions. The analysis resulted in a significant three-way
interaction of side, time, and hypnotizability with F (8,140) = 2.49, p = 0.015, ηp2 = 0.13. Low,
medium, and high hypnotizables showed characteristically different EDA patterns on their left and
right sides (Figure 1). The low hypnotizable individuals displayed right-side dominance, while high
hypnotizable individuals displayed left-side dominance throughout the induction phase. On the
contrary, the left- and right-side SCLs were similar in medium hypnotizables. High and medium
hypnotizables showed lower EDA variability compared to that in the low hypnotizables. For the
medium hypnotizables, SCL gradually decreased throughout the 10 minutes of induction phase.
On the other hand, both low and high hypnotizable individuals showed variable EDA patterns
within this timeframe.
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Figure 1 EDA during the induction (10 minutes). Black lines represent EDA measured
from the right wrist. Grey lines represent EDA measured from the left wrist.
3.1.2 NonSpecific Responses
We predicted that fewer SCRs would characterize the end of the induction phase compared to
the beginning of the induction. Findings from the literature also suggest less nonspecific SCRs in
EDA patterns of high hypnotizables as compared to the low hypnotizables. Three-way mixed
ANOVA analysis was performed on the number of Z-scored SCRs for every two minutes of the
induction phase. We used time and side as within-subject factors, and hypnotizability
(low/medium/high) as a between-subject factor. The results showed the main effect of time with
F (4,116) = 2.839, p = 0.027, ηp2 = 0.09. There were no other significant main or interaction
effects. The number of SCRs was reduced significantly during the induction, regardless of side or
hypnotizability (Figure 2).

Figure 2 Z-scored nonspecific responses during every two minutes of the induction
phase averaged for the two sides of EDA measurement (on the left side) and the three
hypnotizability groups (on the right side).
3.1.3 Electrodermal Activity (EDA) Patterns during Test Suggestions
We hypothesized differences in EDA patterns of the three hypnotizability groups during
hypnotic suggestions. First, we used a two-way mixed ANOVA to test raw SCL measured from the
right-side. The nine suggestions were used as the within-subject factor, and hypnotizability was
used as the between-subject factor. The results displayed a significant main effect of suggestions
with F (8,272) = 6.00, p < 0.001, ηp2 = 0.15. The level of arousal changed significantly from one test
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suggestion to the other. A suggestion hypnotizability interaction effect was also found, F
(16,272) = 3.14, p = 0.001, ηp2 = 0.16 (Figure 3, left side).
We also analyzed differences in EDA patterns during hypnotic suggestions on the left side,
using the three hypnotizability groups. Similar to the right-side results, the two-way mixed
ANOVA, with the suggestions as the within-subject factor and hypnotizability as the
between-subject factor, yielded a significant main effect of suggestions with F (8,256) = 4.53,
p < 0.001, ηp2 = 0.12. A suggestion hypnotizability interaction effect was also detected, F
(16,256) = 3.14, p = 0.001, ηp2 = 0.14 (Figure 3, right side).
These results demonstrated that EDA changes significantly during the different test suggestions
and that this change is modulated by hypnotizability.

Figure 3 SCL during the test suggestion phase, measured from the left and right sides.
3.1.4 Laterality during Test Suggestions
We hypothesized lateral differences during the suggestion phase of hypnosis, modulated by
hypnotizability. To test this hypothesis, we applied two-way mixed ANOVA. We used average
laterality during the test suggestions as the within-subject factor and hypnotizability as the
between-subject factor. They yielded no significant effects (Figure 4). Electrodermal laterality does
not seem to change significantly from suggestion to suggestion. Also, there is no significant
difference among the hypnotizability groups. Although, it is clear from Figure 4 that high
hypnotizables remained left-dominant throughout the hypnosis, while medium and low
hypnotizables were right-side dominant.
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Figure 4 The laterality coefficient during the test suggestion phase. Positive numbers
represent left side dominance, while negative numbers represent right side
dominance.
3.2 Study 2
We performed a follow-up study to show the reproducibility of the most prominent effect
found in study 1, namely, the gradual decrease in the level of skin conductance during hypnotic
induction. We also examined the differences in this decrease in high, medium, and low
hypnotizables. Two-way mixed ANOVA was calculated for each of the five sessions (Figure 5). We
found no significant effects of hypnotizability in any of the sessions. The main effect of time was
clear in the first session [F (3,10) = 7.32, p = 0.006, ηp2 = 0.42], the second session [F (3,13) = 5.90,
p = 0.026, ηp2 = 0.31], the third session [F (5,70) = 6.08, p = 0.012, ηp2 = 0.30], and the fifth session
[F (6. 72) = 5.48, p = 0.015, ηp2 = 0.31]. The fourth session on the other hand yielded no significant
effect of time; although, this result could probably be due to the high variability of SCL. As seen in
Figure 5, there was a gradual decrease in the average SCL during the induction phase,
characteristic for all the hypnotizability groups, except for the low hypnotizables in session 4.
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Figure 5 Skin conductance level during the induction period of the five hypnosis
sessions of the experiment. Solid black lines represent high hypnotizables, dashed grey
lines represent medium hypnotizables, and solid grey lines represent low
hypnotizables.
4. Discussion
4.1 EDA Levels during the Induction Phase
By measuring electrodermal activity in the induction and/or test suggestion phases of hypnosis,
we identified typical electrodermal attributes related to the hypnotic state. The most prominent
of these characteristics is the reduction in skin conductance level (SCL). Several studies have
reported similar conclusions (Table 1).
During hypnosis induction, we observed a consistent decrease in skin conductance level across
the 10-minute induction phase (Study 1). This effect was bilateral and characteristically different
for the three hypnotizability groups. For the low and high hypnotizables, a variable electrodermal
activity (EDA) pattern was detected; whereas, in medium hypnotizables, EDA gradually decreased
throughout the induction phase. Reduction of arousal in hypnosis may be one of the important
factors leading to therapeutic success in treating disorders associated with higher sympathetic
arousal [7].
In our follow-up study (Study 2), we intended to reproduce the above findings. Five consecutive
measurements from the same subjects demonstrated that the EDA reduction effect of the
hypnotic induction remained pronounced for all hypnotizability groups (Figure 5).
4.2 EDA Laterality during Hypnotic Induction
Our results show evident bilateral differences during the hypnotic induction phase. High
hypnotizables display left-side dominance, while low hypnotizables display right-side dominance.
A number of previous studies had also highlighted these bilateral differences [19, 20]. Our
previous study also reported lateral differences during active-alert induction [4].
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The medium hypnotizables showed a synchronous EDA activity of the two sides (Figure 1).
Picard and colleagues (2015) [21] suggested a high correlation between the left and right sides
with respect to EDA [21]. This high correlation has been confirmed in a number of studies (Kasos
et al., under review) [13].
However, in high and low hypnotizables, EDA diverged on the two sides and stayed separated
for the whole duration of the induction phase (Figure 1). The divergence of the two sides could be
an indication of psychological distress. Picard observed right-side dominance in situations when
the self was threatened [21]. Translating this to a hypnosis situation for low hypnotizables, they
could be experiencing induction as a threatening situation, having to give up control to the
hypnotist. This may be causing them to be distressed.
In contrast, high hypnotizables showed a strong left dominance (Figure 1). This may be
explained by the multiple arousal theory [21]. According to this, positive emotions would cause
EDA to be either close to synchronous or left-side dominant. For high hypnotizables, the induction
process could be a positive experience. In addition, Gruzelier’s induction theory hypothesizes
left-side hemispheric dominance at the beginning of induction [22]. Another study focuses on the
verbal processing of induction, which in right-handed subjects would lead to left hemispheric
dominance [23]. The amygdala is the foremost contributor to EDA and is mostly concerned with
processing emotional information [24]. Hence, we hypothesize a strong emotional component
behind the observed lateral differences during the induction process.
4.3 EDA Levels and Laterality during Test Suggestions
During test suggestions in Study 1, we observed that arousal levels fluctuated from one
suggestion to the other, as reported previously [25]. The arousal level of high hypnotizables was
higher during the hallucination suggestion and communication inhibition suggestion, confirming
the findings from prior research [26]. Elevated levels of arousal may be explained by the
pronounced cognitive effort required in responding to these suggestions. This implies that
responding to suggestions requires considerable effort, as suggested by proponents of the
dissociative experience theory and the social cognitive theory [27, 28].
Contrary to the induction phase, lateral disposition during test suggestion was not significantly
different among the three hypnotizability groups. Figure 3 shows that high hypnotizables remain
left-side dominant, while medium and low hypnotizables remain right-side dominant for the
whole duration of the suggestion phase. The suggestions, which are harder to respond to, such as
hallucination, cause a more prominent left dominance in high hypnotizables.
The above results imply that responding to more difficult suggestions, such as hallucinations
and communication inhibition, comes with a price that high hypnotizables showing higher arousal
and a more left-sided electrodermal activation.
4.4 Non Specific SCRs
We hypothesized that a lower number of nonspecific skin conductance responses (SCRs) would
be present at the end of the induction phase compared to the beginning. We also predicted that
this effect would be modulated by hypnotizability. Our study confirmed that SCRs are fewer at the
end of the induction. However, we found no evidence for differences based on hypnotizability. A
reduced number of nonspecific responses could be explained by the nature of the hypnotic
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induction. During the induction, attention is mainly focused on the hypnotist and the inner
experiences, with reduced peripheral awareness, resulting in fewer non-intended responses.
5. Limitations
The limitations of the present paper include the homogeneity of subjects in terms of their
gender, age, and race. Our research could have benefitted from a higher number of participants.
6. Conclusion
In this article, we review the correlation between hypnosis and electrodermal activity (EDA)
from the past 90 years of studies. We report the laterality and hypnotizability effects of
electrodermal activity, during hypnotic induction and suggestion phases.
Most studies have highlighted lowered skin conductance level (SCL) during hypnosis, than preor post-hypnosis or in control conditions; however, contradictory findings have also been
reported. In our study, we observed a prominent, bilateral reduction of SCL throughout the
hypnotic induction phase, regardless of the level of hypnotizability. We also replicated this effect
consistently in five independent hypnosis sessions.
Only a couple of studies have previously investigated bilateral EDA during hypnosis, with
contradictory results. Our results highlight substantial differences in laterality during the hypnotic
induction phase, with patterns characteristically differing depending on hypnotizability. Laterality
differs throughout the hypnosis phase—high hypnotizables remained left-side dominant, whereas,
medium and low hypnotizables were right-side dominant.
Nonspecific skin conductance responses (NS-SCRs) appear spontaneously, not related to any
specific event. According to literature, the number of theseNS-SCRs is fewer during hypnosis than
in control conditions. We, too, observe a decreasing number of SCRs in the induction phase.
NS-SCR frequency typically shows great individual variety, with high levels of arousal, resulting in a
higher frequency of NS-SCRs. Also, some findings indicate that high hypnotizables have less
NS-SCRs than low hypnotizables. In contrast, we found no evidence for differences in the rate of
NS-SCRs in relation to hypnotizability.
We conclude that arousal is reduced bilaterally during hypnotic induction and is persistent
across different levels of hypnotizability. At the same time, lateral differences produce unique EDA
patterns in the induction phase, defining high, medium, and low hypnotizables. The post-induction
phase produces EDA that varies with suggestions. Typically, difficult suggestions produce higher
arousal. Thus, our findings are novel, in terms of lateral differences of EDA in high versus low
hypnotizables in the hypnotic induction phase. These results provide an objective,
psychophysiological evidence for both, the multiple arousal theory and the left-side hemispheric
dominance suggested by the induction theory of hypnosis.
On the basis of our findings, we strongly support that bilateral measurements should be used in
hypnosis research. The ability to analyze laterality differences adds valuable information regarding
the experiences of hypnosis participants. The changes that take place in a matter of a few
minutes, altering one’s state of consciousness, make hypnosis induction a magnificent model
situation to study electrodermal laterality.
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Abstract
Noetic analysis is a methodology to quantify the mind during hypnosis, meditation, or other
stimulus conditions/states of consciousness in a reliable and valid manner. The methodology
uses retrospective phenomenological assessment (RPA) to comprehensively assess
subjective experience. By having the participant complete a first person, self-report
questionnaire, the Phenomenology of Consciousness Inventory (PCI), in reference to a short
stimulus condition, the researcher can generate a “snapshot” of the mind, and its qualia, in
reference to that condition. Using such an approach with the qEEG may be able to better
decipher the mystery of the brain/mind interface during states of consciousness associated
with hypnosis and meditation by giving quantifiable subjective referents to the
neurophysiology of such stimulus conditions. QEEGs were obtained during a standardized
hypnotic assessment, the PCI – Hypnotic Assessment Procedure (PCI-HAP), and also during
sidhi meditation of a long-term TM meditator. The PCI was completed in reference to a
sitting quietly period during the PCI-HAP and also in reference to sidhi meditation. On the
PCI-HAP, the participant obtained a hypnotic responsivity index (HRI) percentile score
suggesting moderate hypnotic responsivity. Concerning noetic differences between hypnosis
© 2020 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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and sidhi meditation, meditation was associated with higher scores on self-awareness,
altered awareness, and altered experience (altered body image and meaning), in addition to
greater feelings of love. Sidhi meditation was also associated with more alpha and higher
beta activity than hypnosis, with greater high beta in the left pre-frontal cortex. How such
qEEG differences may relate to differences in noetic experience was explored. This case
study suggests that, when quantifying the brain with the qEEG, and the mind with the PCI, a
“noetic snapshot” of the mind can be obtained that may be used to better quantify the
brain/mind interface, and augment the ability of neurophenomenology to unravel the
mystery of hypnosis, meditation, and possibly other (altered) states of consciousness.
Keywords
qEEG; noetics; phenomenological experience; altered states of consciousness; hypnosis;
sidhi meditation; brain/mind interface; mind

1. Introduction
1.1 Hypnosis and Meditation
The clinical usefulness of hypnosis [1] and meditation [2] are undeniable, and their similarity [3,
4], intriguing. Yet comparisons and contrasts between the two techniques remain daunting: “The
terms ‘hypnosis’ and ‘meditation’ are used to refer to a bewildering array of practices across
different cultural settings and in different historical epochs.” ([5], p. 313). So writes Jamieson in the
introduction to his chapter: “A unified theory of hypnosis and meditation states” in the edited
tome by Raz and Lipshitz [6], Hypnosis and Meditation. As the book illustrates, a fuller
understanding of the dynamics of hypnosis and meditation, and their similarities and differences,
must comprehensively investigate hypnosis and meditation across various different levels of
analysis.
In support of such cross-level analysis, Jensen, Adachi, Tome-Pires, Lee, Osman, and Miro’s [7]
“scoping review” of hypnosis, suggests that “hypnosis and hypnotic responding are probably best
explained by more comprehensive models that take into account factors from biological,
psychological and social domains” (p. 63). Hence, differences and similarities between hypnosis
and meditation are probably best assessed across multiple levels of analyses, and then scrutinized
as to how these levels compare and contrast with one another. Is it hence no wonder that research
on meditation and hypnosis has “been fraught with oversimplification that have hidden differences
across procedures and goals, changes in state, and individual differences” ([8], p. 281)?
1.2 Noetic Analysis
1.2.1 Epistemological Underpinnings
Part of that oversimplification concerns researchers in hypnosis, meditation, and even
psychology in general, having failed to take a more sophisticated, comprehensive, and articulated
examination of the nature of subjective experience [9-12]. William James [13] over a century ago
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in his Principles of Psychology defined psychology as the study of consciousness: “Psychology is the
science of mental life, both of its phenomena and their connections. The phenomena are such
things as we call feelings, desires, cognitions, reasonings, decisions, and the like” (p. 1).
In contrast, the many decades of behaviorism during the last century erroneously suggested
that a sophisticated and articulate analysis of the mind was unreliable, invalid, and impossible to
quantify [14]. It was “physicalism” at its worst [15]. We disagree:
The mind can be quantified, as can quarks, the economy, or a neutron star:
‘precise descriptive first-person reports about subjective experience’ can be
obtained in a reliable and valid manner. Physics became queen of the natural
sciences because it wedded mathematics to the description of natural
phenomena... By quantifying a phenomenon of interest, we then use
mathematical tools and models to better predict and control our universe ([16],
p. 405).
This same model can be, and has been, applied to the mind [16-21]. There is a famous dictum in
philosophy which states: “Epistemology precedes metaphysics.” Epistemology is “the study or a
theory of the nature and grounds of knowledge especially with reference to its limits and validity”
([22], p. 280). Since what we know is a function of how we know what we know, epistemology
must necessarily precede metaphysics/ontology, which concerns itself with the essence and nature
of being, Hence, the level of epistemological analysis determines what will be assessed and
analyzed.
The present paper reviews a methodology to quantify the “noetic” (the Greek word for ‘mind’ is
‘nous’), or the mental/subjective, level of inquiry via reliable and first person self-reports in
reference to hypnosis and also meditation. This is a level of analysis that has not been developed
very well in hypnosis, meditation, nor in psychology at large. (Notice that the noetic, or
subjective/mental, level was omitted from Jensen et al.’s, 2015 “scoping” review of hypnosis.).
We need to comprehensively quantify the qualia [23] of human subjective experience, i.e. the
“properties of sensations and perceptual states, namely the properties that give them their
qualitative or phenomenal [our italics] character – those that determine ‘what it is like’ to have
them” (p. 507).
Why are such qualia important? We have a level of analysis to study the neurophysiology of the
brain, and we have a cognitive-behavioral level of analysis to study human cognition/behavior. A
noetic level of analysis is needed to study those subjective aspects of the brain typically called the
mind. In addition, we need to comprehensively quantify the mind just as physics comprehensively
quantifies physical reality. Furthermore, it is not going to be possible to find the mind (the qualia
of human consciousness) underneath the knife of the neuroscientist or pulled from an fMRI
(functional magnetic resonance imaging).
This is the “hard problem” of human consciousness, as defined by Chalmers [24]:
The hard problem of consciousness is the problem of experience. When we think
and perceive, there is a whirl of information-processing, but there is also a
subjective aspect... Then there are bodily sensations, from pains to orgasms;
mental images that are conjured up internally; the felt quality of emotion, and
the experience of a stream of conscious thought (p. 226).
To make any significant headway in better understanding hypnosis, meditation, other states of
consciousness, and their relationship to awareness, attention, and the brain; we need a
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comprehensive quantitative phenomenology to scientifically investigate the mind. The need for
such a perspective was lamented several years ago by Lifshitz [25] “whereas scientists have access
to a plethora of advanced methods for investigating brain and behavior, they face a dearth of
techniques for the empirical analysis of phenomenology [26]” ([25], p. 9).
The same complaint has been echoed more than a decade ago: “A growing number of
cognitive scientists now recognize the need to make systematic use of introspective
phenomenological reports in studying the brain basis of consciousness” ([27], p. 31); “there is also
the growing realization, however, that it will not be possible to make serious headway in
understanding consciousness without confronting the issue of how to acquire more precise,
descriptive first-person reports about subjective experience” ([28], p. 2).
1.2.2 Noetic Analysis: Rationale
Noetic analysis [16, 21], built upon almost four decades of research, is a reliable and valid
introspective methodology designed to quantify subjective experience from a first person
perspective. The methodology uses first person self-reports, as assessed by well-validated
inventories, such as the Phenomenology of Consciousness Inventory (PCI: Pekala, [29]), to quantify
various dimensions of subjective experience.
Such inventories are retrospectively completed in reference to a preceding stimulus
condition/state of consciousness, and allow for the various structures, or dimensions of
consciousness associated with that stimulus condition/state of consciousness, to be not only
quantified, but visually diagramed, and statistically compared. This process of retrospective
phenomenological assessment (RPA) yields quantitative reliable and valid phenomenological data
associated with various stimulus conditions, and consequently, their associated (altered) states of
consciousness.
The methodology assumes stimulus-state specificity. This principle posits a relationship, when
assessed across groups of randomly selected individuals, that the same behaviors in the same
stimulus settings will be associated with the same phenomenological state, i.e. the same
intensities and/or patterns of subjective experience; while different stimulus environments will be
associated with differing intensities/patterns of phenomenological experience. (For a critique of
the statistical and methodological underpinnings behind this approach, including that of
stimulus-state specificity, see Pekala, [18])
Stimulus-state specificity can be considered a phenomenological variant of psychophysiological
isomorphism [30] i.e. “a one-to-one correspondence between mind and brain states” ([31], p. 222),
comparing rather the mind/behavior interface, while taking into account variables related to the
stimulus setting. Combining such noetic data with corresponding neurophysiological data, such as
the qEEG (quantitative electroencephalogram), may give the researcher a better means to map the
brain/mind interface during hypnosis, meditation, and related states of consciousness by more
comprehensively quantifying the subjective referents associated with the neurophysiology of the
qEEG.
Such neurophenomenological approaches, as exemplified in the current literature [32], typically
employ less comprehensive approaches to quantify subjective experience than is available with
RPA inventories like the PCI. Interestingly, the PCI has previously been used by researchers
investigating the neurophenomenology of hypnosis during an OBE (out-of-body) experience [33]
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and meditation-related kundalini [34]. Additionally, Markovic and Thompson [35] have
theoretically addressed the neurophenomenological comparison of hypnosis and mediation via
the “phenomenological and neurocognitive matrix of mindfulness” (p. 79) using a
multidimensional model proposed by Lutz and colleagues. Markovic and Thompson cite the
possible usefulness of the PCI and several of its dimensions (internal dialogue, imagery, rationality
and volitional control) as “additional relevant features that could be incorporated into future
effects at mapping” (p. 98) hypnosis and related states.
Noetic analysis is concerned with quantifying and analyzing the contents and processes of
consciousness, i.e. the mind from a first person perspective (without necessarily referencing any
neurophysiological processes associated therewith), and does so in a reliable and valid manner.
Neurophenomenology, on the other hand, integrates descriptive phenomenology, its quantitative
cousin, noetics, and the various self-report methodologies in between, with neurophysiology.
Whereas neurophenomenology looks at the brain/mind interface; noetics is specifically concerned
with empirically quantifying the mind/consciousness and its qualia. By defining and measuring the
various structures and dimensions of consciousness, it includes the ability to quantify states, and
altered states, of consciousness, visually illustrating both intensity (via radar graphs and pips:
phenomenological intensity profiles) and pattern (via psygrams) parameters.
1.2.3 Questionnaires
The two main questionnaires that the author and colleagues have used with RPA for noetic
analyses are the Phenomenology of Consciousness Inventory (PCI: Pekala, [29]), and the
Dimensions of Attention Questionnaire (DAQ: Pekala, [36]). These instruments, respectively,
quantify consciousness in general, and attention, in particular. The PCI has been especially useful in
mapping the subjective experience of hypnosis and has been shown to have adequate construct
and discriminant validity [37-48]. Predictive validity has also been assessed [49-55].
In addition, the PCI has been used to map and quantify such stimulus conditions (besides
hypnosis) as: epilepsy [56] and schizophrenia [57], psi phenomena [58], mediumship [59],
meditation [60], fire-walking [61, 62], charismatic leadership [63], music perception [64],
shamanistic trances [65], holotropic breathing [66], an OBE within an NDE [67] and OBEs
associated with hypnosis [33], drumming [68], a virtual reality environment [69], and
religious/spiritual narratives [70]. The PCI has been translated into 14 languages; the DAQ has been
translated into 4 (see www.quantifyingconsciousness.com for additional information).
1.3 The Present Investigation
This case study involves investigating the mind/brain of a long-term TM meditator while he is
doing sidhi meditation, and also during hypnosis (when assessed with the Phenomenology of
Consciousness Inventory – Hypnotic Assessment Procedure: PCI-HAP: Pekala [71, 72]). As Woody
and Sadler [73] have observed, most “hypnotic scales in widespread use... do not provide
important information about the client’s subjective experiences” (p.40). The PCI-HAP protocol
remedies that deficit.
During both hypnosis and meditation, a qEEG was obtained, while subjective experience was
quantified with the PCI. The model, we believe, will illustrate the potential for combining noetics
with neurophysiology, quantifying the subjective referents associated with differential qEEG
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activation during hypnosis and meditation.
1.3.1 A Brief Review of the Neurophysiology of Hypnosis and Meditation and Their Interface
There are numerous studies on the neurophysiology of hypnosis and meditation. The following
several paragraphs will give a selected summary of a few of such studies relevant to the case study
reported below, focusing on the overall EEG frequency band differences between hypnosis and
meditation, but also including an fMRI study or two of relevance.
Hypnosis. Rainville and Price [74] almost two decades ago suggested that hypnotic protocols
lead to changes in body relaxation and mental absorption, resulting in changes in brain activity,
which, in turn, lead to alterations in body image and alterations in states of consciousness.
Jensen et al. [7] suggest that EEG-assessed measures of brain states during hypnosis show “(1) a
fairly consistent pattern of more theta activity among highs, relative to lows; (2) both increases and
decreases in most bandwidths with hypnosis except for theta, which tends to show increases with
hypnosis in both highs and lows,…” (p. 42). Somewhat similarly in reference to theta activity, De
Benedittis [75] wrote that the subjective experience of hypnosis, including hypnotic responses,
tend to be associated with increases in both theta and gamma activity. Additionally, increased
theta is associated with not only higher hypnotic responsivity, but an increased level of hypnotic
responding, citing Ray [76], Williams and Gruzelier [77], and Jensen et al., [7]. However, as De
Benedittis reported, these findings are not without controversy [78].
Jamieson and Burgess [79] found that a hypnotic induction was followed by state-like
alterations in the organization of EEG functional connectivity in the theta and beta frequency
bands in high-hypnotically suggestible participants. Terhune, Cardeña and Lindgren [80]
investigated frontal-parietal phase synchrony during hypnosis as a function of hypnotic
suggestibility. They found that “highly suggestible participants reliably experienced greater state
dissociation and exhibited lower frontal-parietal phase synchrony in the alpha2 frequency band
during hypnosis than low suggestible participants” (p. 1444). Cardeña, Jonsson, Terhune, and
Marcusson-Clavertz [81] investigated neutral hypnosis across 37 low, medium, and high
hypnotizables looking at baseline, a hypnotic induction, and multiple rest periods. They reported
that hypnotic “depth correlated moderately to strongly with power and/or power heterogeneity for
the fast EEG frequencies of beta2, beta3, and gamma, but independently only among highs.” (p.
375); in other words, with high hypnotically susceptible individuals, their hypnotic depth was
found to be significantly correlated with increased beta and gamma activity.
Landry, Lifshitz and Raz [82] completed a comprehensive and sophisticated “systematic and
meta-analytic” review of neuroimaging studies of hypnosis. They concluded that in probing
hypnosis, “there remains little consensus concerning the neural mechanisms and a great deal of
inconsistency among findings [83, 84]” ([82], p. 92). Landry et al. suggested that the
inconsistencies appear related to the multifactorial nature of hypnosis, combined with differences
in the methodologies enacted across the various hypnosis studies. Although their initial review
highlighted higher-order networks as implicated in not only hypnotic susceptibility, but also the
experience of being hypnotized, and response to hypnotic suggestions; their results did not
confirm the role of higher order networks. Rather, their results “revealed that hypnotic responses
correlate most robustly with activation of the lingual gyrus, likely indexing mental imagery” (p. 92).
Landry et al.’s comprehensive review suggests the tremendous challenge that awaits a
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comprehensive understanding of the basic neural mechanism of hypnosis, let alone, the interface
among brain, mind, and behavior; in addition to hypnosis’s relationship to the many varieties of
meditation.
Meditation. A well-designed study out of Australia [85] suggested that alpha and theta rhythms
are enhanced in meditators with an average of 4 years of daily meditation experience; in addition
to which beta (12 to 24 Hertz) and gamma (25 to 42 Hertz) activity is significantly enhanced in
advanced meditators. De Benedittis [75] found that when reviewing EEG studies there was a
significant increase in both alpha and theta activity during meditation [86], that was associated
with an overall slowing of the processes of consciousness [87]. Such increases in alpha and theta
wave activity tends to be correlated with states of inner calm and stability [88].
Citing Ott [89], Jamieson [5] suggests that increased gamma activity may play a crucial role in
the euphoric meditational “samadhi” experience, “described in both the Yoga and Buddhist
traditions, and perhaps the ‘enlightenment’ experience found in other contemplative traditions, as
well as spontaneously occurring mystical experiences” (p. 333). Fell et al. [31] suggests that
meditation results in a slowing of the 8 to 12 Hertz alpha rhythm to theta. With continued and
diligent practice, beta and gamma are significantly increased.
Using the fMRI, Modestino [34] reported on an investigation of an individual with spontaneous
Kundalini awakening. Kundalini awakening is associated with the subjective perception of
psychospiritual energy flowing up the spine with concomitant feelings of euphoria and ecstasy
[90]. Although usually the result of intensive meditation practices [91], the participant investigated
by Modestino reported spontaneous awakening of the syndrome.
An fMRI was completed while the participant was experiencing kundalini. The PCI was
retrospectively completed in reference to his kundalini experience. The kundalini experience was
associated with activation of the left prefrontal cortex, i.e. primarily Brodmann’s areas 46 and 10.
The results suggested an ecstatic experience, with very high levels of joy (99th percentile) and
sexual excitement (93rd percentile) as measured by the PCI, along with percentile scores above 90
percent for altered perception, altered meaning, absorption (99th percentile), altered experience
(92nd percentile), and an alteration in state of consciousness (100th percentile).
Modestino summarizes by saying that the left prefrontal areas have been shown to be activated
during meditation using various modalities, in addition to the fMRI. Goleman [92] wrote that when
people are feeling good and in a positive mood – “upbeat, enthusiastic and energized;” there is
heightened activity in the left prefrontal cortex. Modestino reports that other studies have
confirmed that such activation is associated with happiness and joy: “the feelings of joy, happiness
and the left prefrontal brain region found in this study are consistent with many published
neuroimaging and electrophysiological studies of meditation” ([34], p. 128).
1.3.2 The Present Case Study
Given the aforementioned, the present study sought to examine the neurophysiology (as
assessed by the qEEG) and noetic experience (as assessed by the PCI) of a long-term TM meditator
during both hypnosis (using the hypnotic assessment procedure of the PCI-HAP) and sidhi
meditation. Specific questions were proffered: a) how does the qEEG during a sitting quietly period
during hypnosis compare to sitting quietly during sidhi meditation of an advanced TM
(Transcendental Meditation) meditator; b) is the use of the PCI helpful in differentiating the noetic
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experience of hypnosis from that of meditation in this particular participant; and c) might
combining the PCI with the qEEG provide useful information in further elucidating the subjective
referents associated with neurophysiology?
2. Method
This single participant case study is based on research done through the first author’s private
practice in West Chester, PA. Informed consent was procured. This research is in compliance with
The Belmont Report and the declaration of Helsinki.
2.1 Participant
The participant for this case study is a 67-year-old white male with a 46-year history of TM
meditation. The participant was also a participant/observer; he is the second author on this paper.
KC was aware of the literature on hypnosis and meditation, being a clinical psychologist.
2.2 Measurement
2.2.1 Phenomenology of Consciousness Inventory-Hypnotic Assessment Procedure1 (PCI-HAP)
The Phenomenology of Consciousness Inventory-Hypnotic Assessment Procedure1 (PCI-HAP)
[71, 72] is a state instrument used to assess hypnotic responsivity. The protocol consists of a preand post-assessment and a hypnotic induction protocol. For the pre-assessment, the participant
reported if he experienced hypnosis before, and if so, how hypnotizable he felt he was at that
time. He was also asked to estimate his subsequent level of hypnotic depth on a "1" to "10" scale
(estimated hypnotic depth). Additionally, the participant was told to visualize himself in a hot tub
and estimate the vividness of his visual and kinesthetic imagery. Finally, he was told to estimate
how helpful the hypnotic session was going to be to help him with his issues and concerns.
The hypnotic protocol consists of a progressive relaxation protocol, but without the tensing (“a
body scan”); followed by a "10" to "1" count while "you let your mind become more and more
calm, more and more empty" (“a mind calm”). The participant is then asked to "have a wonderful
and relaxing time” [93] while experiencing a mental vacation in his mind at his favorite place (the
hypnotic dream or imagoic suggestibility item).
Next, the participant is asked to raise his left index finger (the finger response item - to assess
as to whether the participant was alert during this time period or may have drifted off towards
sleep). He is also instructed that his eyes are "heavy like lead" and asked to try to open his eyes
(the eye catalepsy item). This is followed by a five-minute sitting quietly period wherein the
participant is told to "just continue to experience the state you are in right now." The participant
then has a 15 second pause to mentally review what he experienced. This is followed by the
de-induction using a "1" to "5" scale.
2.2.2 The Phenomenology of Consciousness Inventory (PCI)
The Phenomenology of Consciousness Inventory. The participant subsequently completed the
53-item PCI in reference to the 5-minute sitting quietly period during the hypnotic induction. The
PCI assesses subjective experiences across 12 major and 14 minor dimensions (in parentheses) of
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consciousness in a reliable and valid manner: arousal, memory, attention (direction and
absorption), imagery (vividness and amount), positive affect (joy, love, sexual excitement),
negative affect (sadness, anger, fear), internal dialogue, rationality, volitional control,
self-awareness, altered state of awareness, and altered experience (unusual meaning, body image,
perception, time sense). (The PCI1, complete with manual and EXCEL scoring program, is available
at www.quantifyingconsciousness.com.)
2.2.3 Debriefing form
After completing the PCI, the participant completes a post-assessment debriefing form rating
the vividness of his imagery in reference to going "on a vacation somewhere to a beautiful place
and have a very relaxing and very wonderful time;” whether the participant opened his eyes
during the eye catalepsy item; if he raised his finger when asked to do so (the finger response
item); and whether he had fallen asleep on a 4-point scale (the sleep state item). These last two
items were included in the PCI-HAP to determine if participants, especially when tested in groups,
may have drifted off towards sleep. The participant is also asked to evaluate his depth of hypnosis
(to measure the participant's self-reported hypnotic depth, srHD), and how helpful hypnosis was
going to be to help with his problems or concerns (post-hypnotic therapeutic efficacy).
2.3 Procedure
Before the PCI-HAP began, an electrode cap (Electro-Cap, Inc., Easton, OH) was fitted to obtain
a 19 channel qEEG for the subsequent hypnotic assessment, and also the sidhi meditation,
conditions. The participant experienced the PCI-HAP, a 20-minute break, and then 20 minutes of
sidhi meditation. The PCI-HAP induction was digitally recorded and event marked, so the qEEG
administrator (the first author: RP) could differentiate the different sections of the PCI-HAP while
the participant listened to the pre-recorded induction protocol. (A copy of the event marked
protocol, digital/audio version of the protocol, and paper transcript of the protocol is available
from the first author upon request.) The full PCI-HAP protocol was event marked into 11 sections,
for a total time period of 28.04 minutes. This paper, for the PCI-HAP condition, reports on only the
qEEG recordings obtained during a 5-minute sitting quietly period during the PCI-HAP (which was
near the end of the protocol: after the eye catalepsy suggestion, but before the “1 to 5”
de-induction).
After the PCI-HAP protocol (including completion of the PCI and debriefing form in reference to
that protocol) and a ten-minute break, the participant then completed 20 minutes of meditation.
The meditation protocol consisted of 10 minutes of Transcendental Meditation (TM) practice
followed by 10 minutes practicing the TM-Sidhi (TMS) program [94]. The TMS practice is based on
a meditation procedure called Samyama. Samyama [95] involves the combined simultaneous
practice of dhāraṇā (concentration), dhyāna (meditation) and samādhi (union). It is used to obtain
a deeper knowledge of the object of the practice, e.g. in the present study, compassion, and
requires the participant to concentrate completely on an object until that object occupies all of his
field of consciousness.
This practice is described in the Yoga Sutras of Patanjali [96]. Specifically for the present
investigation, it involved: 1) practicing transcendental meditation for a period of time with the
objective of establishing, as much as possible, 2) a state of pure awareness/inner silence; then 3)
Page 29/206

OBM Integrative and Complementary Medicine 2020; 5(2), doi:10.21926/obm.icm.2002019

mentally introducing a "sutra", i.e. a word or short phrase, e.g. "compassion,” and allowing the
effect of the sutra to emerge into the participant’s awareness. Step number 3 is then repeated
every 15-20 seconds. The PCI was retrospectively completed in reference to the 10-minute sidhi
meditation period.
2.3.1 EEG Data Collection
QEEGs were obtained during the standardized hypnotic assessment, the PCI – Hypnotic
Assessment Procedure (PCI-HAP; Pekala, [71, 72]) as delineated above, and also during sidhi
meditation. The amplifier used for the EEG acquisition was the Brainmaster Discovery 24E
(Brainmaster Technologies, Inc., Bedford, OH; Collura, [97]), with an EEG bandwidth of 0.43-80 Hz,
A/D conversion of 24 bits (resolution of 0.01 µV EEG, 0.4 µV DC), a sampling rate of 1024 samples
per second (data rate to the computer of 256 samples per second), and an input impedance of
1000 GΩ (see Collura, [98], for technical details concerning the measurement of the qEEG).
QEEG signals were artifacted by S.A.R.A. (standardized artifact rejection algorithm; Keizer, [99]).
The EEG data was subsequently processed with Neuroguide software (Applied Neuroscience Inc.,
St. Petersburg, FL), allowing the EEG data to be compared with the Lifespan Normative database
[100]. This database has been normed, for both eyes open/ closed conditions, with o v e r 6 0 0
individuals (ages of 2 months to 82 years). The electrode montage adhered to the International
10-20 System, referenced to (A1-A2) linked ears, with NuPrep skin preparation gel, and Ten20
conductive paste. Electrode impedances were adjusted to be below 10 kΩ for all sensors (as
determined by a Checktrode electrode tester).
The EEG recordings were acquired during eyes closed conditions in a waking-relaxed state,
sitting in an upright position for both the PCI-HAP hypnotic assessment and the sidhi meditation
conditions. The digitally filtered frequency bands, for metrics of absolute power, relative power,
amplitude asymmetry, coherence, and phase lag were as follows: 1 to 4 Hertz (delta), 4 to 8 Hertz
(theta), 8 to 10 Hertz (alpha 1), 10 to 12 Hertz (alpha 2), 12 to 15 Hertz (beta 1), 15 to 18 Hertz
(beta 2), 18 to 25 Hertz (beta 3), and 25 to 30 Hertz (high beta).
3. Results
3.1 qEEG Neurophysiological Results
Figure 1 and Figure 2, illustrate the z-score analyses for absolute power, relative power,
amplitude asymmetry, phase coherence, and phase lag for the eyes closed period during the
PCI-HAP, and the (eyes closed) sidhi meditation, conditions, respectively. Overall, Figure 1 and
Figure 2 are somewhat similar, suggesting that the qEEG of the sitting quietly period during the
PCI-HAP is similar to sidhi meditation with especially high levels of theta activity across both
conditions. However, there was greater alpha activity during sidhi meditation versus hypnosis.
Conversely, there was greater delta activity during the hypnosis, versus the meditation, condition.
(The participant reported possibly falling asleep during the hypnosis, per the debriefing form – see
below.)
Additionally, alpha levels are increased during meditation, in contrast to hypnosis, for the
anterior half of the brain. This difference is even more apparent for the beta, and especially the
high beta, ranges for the sidhi meditation versus the hypnosis conditions for the left prefrontal
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area of the brain.
In support of significant anterior/posterior laterality for sidhi meditation versus hypnosis for
high beta is the significant amplitude asymmetry for the high beta brain map, versus the
meditation high beta map. Fp1 was found to be associated with several significant positive
lateralities with more posterior sites.

Figure 1 Eyes closed period during the PCI-HAP.

Page 31/206

OBM Integrative and Complementary Medicine 2020; 5(2), doi:10.21926/obm.icm.2002019

Figure 2 Sidhi meditation.
There was little significant coherence in the alpha band for sites for hypnosis, whereas there
was more significant frontal to posterior coherence in the alpha band for sidhi meditation. In
addition, there was significant coherence for frontal to posterior regions for hypnosis across sites
for the theta band; in contrast, meditation was associated with somewhat increased theta
coherence, versus hypnosis, across sites.
Figure 3 and Figure 4 show the 1-hertz bins for hypnosis and sidhi meditation, respectively, for
21 through 30 Hertz. The hypnosis brain map shows no left frontal increase in amplitudes for the
hypnosis condition. In contrast, the sidhi brain map shows significantly increased left frontal
amplitudes.
Page 32/206

OBM Integrative and Complementary Medicine 2020; 5(2), doi:10.21926/obm.icm.2002019

Figure 3 Eyes closed period during the PCI-HAP.
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Figure 4 Sidhi meditation.
Table 1 shows the actual z scores for absolute power for the left, right, and center leads for the
sidhi meditation condition. Only for Fp1 was there a significant z score for beta, beta 3, and high
beta. There were no significant beta z scores for Fp1 for the hypnosis condition. Although not
shown as a table, there was significantly higher delta activity across the majority of left, center,
and right sites (11 out of 19 leads) for the hypnosis, but only T3 and T4 for the meditation,
conditions (see Figure 1 versus Figure 2).
Table 1 Sidhi meditation.
Z Scored FFT Absolute Power
Intrahemispheric: LEFT
DELTA
THETA
FP1-LE
1.29
2.59
F3-LE
1.40
2.43
C3-LE
1.54
2.51
P3-LE
1.51
2.13
O1-LE
1.70
2.04
F7-LE
1.94
2.57
T3-LE
2.00
2.59
T5-LE
1.80
2.21
Intrahemispheric: RIGHT
DELTA
THETA
FP2-LE
0.70
2.01
F4-LE
1.21
2.63
C4-LE
1.38
2.66
P4-LE
1.47
2.35
O2-LE
1.58
2.12
F8-LE
1.47
2.86
T4-LE
2.66
2.94
T6-LE
1.59
2.37
Intrahemispheric: CENTER
DELTA
THETA
FZ-LE
1.16
2.40
CZ-LE
1.73
2.55
PZ-LE
1.61
2.30

ALPHA
2.22
2.14
1.99
1.42
1.07
2.08
2.06
1.57

BETA
1.99
1.12
0.98
0.86
0.46
1.74
0.48
0.68

HIGH BETA
2.47
0.64
0.33
0.31
0.09
1.95
0.11
0.24

BETA 1
1.77
1.38
1.18
0.91
0.41
1.63
0.54
0.69

BETA 2
1.70
1.05
0.98
1.03
0.70
1.71
0.56
0.83

BETA 3
2.20
1.01
0.84
0.72
0.37
1.86
0.38
0.57

ALPHA
1.97
2.21
2.07
1.48
1.14
2.46
2.78
1.60

BETA
1.38
1.28
1.33
0.96
0.56
1.73
1.09
0.96

HIGH BETA
1.62
0.62
0.65
0.61
0.27
1.25
0.34
0.61

BETA 1
1.29
1.55
1.54
0.94
0.48
1.69
1.29
0.92

BETA 2
1.20
1.24
1.37
1.19
0.83
1.72
1.21
1.12

BETA 3
1.53
1.12
1.10
0.84
0.50
1.80
0.93
0.88

ALPHA
2.07
2.09
1.42

BETA
1.21
1.48
1.05

HIGH BETA
1.01
0.64
0.69

BETA 1
1.45
1.55
0.97

BETA 2
1.12
1.56
1.29

BETA 3
1.11
1.38
0.94

© 2001-2019. Applied Neuroscience, Inc.

3.2 PCI/PCI-HAP Noetic Results
On the PCI-HAP, the participant obtained a hypnotic responsivity index (HRI) percentile score of
69%. Trance level (his hypnoidal state score) was at the 84th percentile, and imagoic suggestibility
was the 59th percentile. A person’s HRI is an average of the aforementioned items, plus “total
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expectancy” and the “self-reported hypnotic depth” score [101]. These results suggest that the
participant was of moderate hypnotic responsivity. In reference to item #4 of the debriefing form,
the participant endorsed: “I probably fell asleep, but I’m not sure,” suggesting the participant
thought he may have drifted off towards sleep during the hypnotic protocol.
The PCI-HAP generates a 5-page report concerning the client’s hypnotic responsivity. Page 3 of
the EXCEL report is shown as Figure 5. The upper graphs (left-sided) represent the PCI major and
(right sided) minor dimensions in terms of raw scores (on a “0” to “6” scale); while the lower
graphs represent the percentile scores for the major and minor dimensions, respectively. This
allows the researcher to obtain a “snapshot” of the client’s mind for a given stimulus condition in
reference to the intensity variations associated with the PCI (sub)dimensions.

Figure 5 Phenomenological Intensity Profile (PIP) during the PCI-HAP (Eyes Closed Sitting Quietly).
Notice that the participant reported very high levels of absorption during hypnosis (98 th
percentile). No negative affect (neither anger, sadness, nor fear) was reported, although feelings of
joy (85th percentile) and love (61st percentile) were reported. Imagery vividness was at the 28th
percentile; while imagery amount was the 53rd percentile (See Pekala, [101], for the interpretative
manual for scoring and interpreting the PCI-HAP results.)
Figure 6 (PCI major dimensions) shows the radar graph of sidhi meditation versus hypnosis (as
measured during the sitting quietly period during the PCI-HAP), and eyes open and closed
conditions for the PCI major dimensions. The center of the circle represents a value of “0” (“none
or little”); while the circumference, a value of “6” (“much or complete”). Sidhi meditation was
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associated with no internal dialogue, compared with very mild levels of such during hypnosis.
Notice also that the eyes open and eyes closed conditions – from the Pekala et al. [48] data base were also higher for internal dialogue than sidhi meditation.
Both altered awareness, self-awareness, and altered experience were also higher during sidhi
meditation than during hypnosis (see Figure 6). Self-awareness was rated to be intense: “6” out of
“6”: “I was very aware of being aware of myself; my self-awareness was intense” (right dipole of
item 13 from the PCI, Form 1). Concerning Figure 7 (PCI minor dimensions), what is striking is the
higher level of love (also rated “6” out of ”6”) during sidhi meditation compared to hypnosis and
the other two conditions.

Positive Affect
6

Arousal

Negative Affect
5

4

Memory

Altered Experience

3

2

1

Volitional Control

Visual Imagery

0

Rationality

Attention

Internal Dialogue

Self-Awareness
Altered Awareness

Eyes Open

Eyes Closed

PCI-HAP

Sidhi Meditation

Figure 6 Radar graph of PCI major dimensions.
Additionally, sidhi meditation, per the PCI, was associated with an increased altered body image
effect versus that of hypnosis, and also an increase in altered meaning. During this time KC
reported his phenomenological consciousness as having a sense of “unboundedness,” with
consciousness seemingly “expanded;” his sense of awareness was intense. He reported that his
consciousness was “floating,” “immersed” in feelings of compassion.
4. Discussion
4.1 Neurophysiological Findings
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The long-term TM meditator had significantly higher levels of alpha and especially theta activity
across both the hypnosis and meditation conditions, congruent with the findings of Thomas et al.
[85] and De Benedittis [75] for meditation, and Jamieson and Burgess [79], De Benedittis [75] and
Jensen et al. [7] for hypnosis. Whereas there appears to be no significant increase in high beta
activity during hypnosis for this moderately hypnotizable individual, there were such increases in
the left frontal lobes during sidhi mediation, consistent with the theorizing and research of Fell et
al. [31], Thomas et al. [85], and Modestino [34].
Interestingly, there was significantly more delta during the hypnosis, versus the meditation,
conditions. This would be consistent with the participant endorsing “I probably fell asleep, but I’m
not sure” (on the debriefing form of the PCI-HAP); which would also be consistent with less
self-awareness during the hypnosis, than the sidhi meditation, condition (see Figure 6).
There was only very mild significant coherence in the alpha band for hypnosis; whereas there
was more significant frontal to posterior coherence in the alpha band for sidhi meditation. In
addition, there was significant coherence for the frontal to posterior regions for the theta band for
hypnosis; in contrast, meditation appears to have increased that theta coherence. Coherence can
be considered a measure of functional connectivity [102] among the different modules of the
brain: “EEG coherence may yield information about network formation and functional integration
across brain regions” (p. 42).
These results suggest that sidhi meditation was associated with increased alpha and theta
coherence versus hypnosis for this moderately hypnotically responsive individual. Beauregard and
Paquette [103] wrote that “theta connectivity between frontal and posterior association cortices in
the left hemisphere has been proposed to be related to positive emotional experience” (p. 3).
Fell et al. [31] and Thomas et al. [85] report an increase in alpha/theta activity in relatively
novice meditators, followed by increased beta and gamma activity in advanced meditators. To
paraphrase Fell et al. [31], the research on long-term meditation experts suggests both an increase
in synchronization and power of low frequency oscillations, along with an increase in
synchronization of gamma waves. They point out that this is typically unusual since an increase in
feelings of relaxation and a drop from alpha to theta (sleep transition), is usually associated with
decreased synchronization and power in the gamma range.
Thomas et al. [85] in their research with medium and long term Satyananda Yoga meditators,
found increased theta activity in intermediate Yoga meditators, while advanced Yoga meditators
demonstrated “greater activity in high frequencies (beta and especially gamma2) in all conditions
but greatly expanded during meditation practice” (p. 1), The increased theta and high beta qEEG
results for this long-term sidhi meditator appears consistent with that of Thomas et al. above,
although the high beta of KC, was much more left, than right sided, as was the case with the
Thomas et al. study.
4.2 Neurophenomenological Findings
We believe that the PCI noetic results can be used to supplement and augment interpretation
of the EEG results, which give no indication as to the nature or the content of the subjective
experience, the qualia, or subjective referents, associated with both conditions, nor the intensity
of such qualia. Before commenting on those results, however, the PCI-HAP hypnotic responsibility
index (HRI) of the participant suggests that he was moderate in hypnotic responsivity. As of
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moderate hypnotically responsivity, his phenomenology is hence likely to be less similar to the very
highly hypnotizable participants tested by Cardeña [104].
Concerning Figure 6, which lists a radar graph of the PCI major dimensions, the meditation
condition was associated with increased self-awareness and somewhat increased altered
experience versus hypnosis. When queried about this, the sidhi meditation condition was
experienced (the subjective sense of consciousness) by KC as “a sense of unboundedness,” that
was not evident during the hypnosis condition. This sense of “unboundedness” is hard to put into
words. It might be described as a different type of awareness that is not so focal as in normal
waking consciousness; more diffuse, but yet somehow expanded – as if the aperture of
consciousness had been “widened.” (Notice from Figure 7 that body image, and meaning were all
more altered during the sidhi meditation than during hypnosis.) The increase in alpha and theta
activity in sidhi meditation, along with the increased fast beta activity, seems to juxtapose both a
“slowing” of consciousness [75], and yet it’s (beta) activation, consistent with the Thomas et al.,
paper [85] concerning the EEG effects of long-term meditation and the Fell et al. [31]
novice/advanced “meditation frequency band hypothesis.”
Per the PCI, there was no internal dialogue during sidhi meditation (the internal chatter than
goes within one’s self), versus very mild internal dialogue with hypnosis and moderate amounts of
such dialogue for the baseline eyes open and closed conditions (across groups of subjects from a
prior data base, [48]). These results are consistent with the meditation literature wherein the
object of the meditation is to quiet and empty one’s mind (samyama) [105], and moderate drops
of such internal dialogue, as reported, during hypnosis [18].
Per KC, it is important to note that the TM samyama practice versus hypnosis generated
relatively different subjective states of consciousness. Heterohypnosis, in general, involves a
passive state wherein the individual responds to the hypnotherapist’s suggestions. On the other
hand, the TMS procedure is more active and requires an initial period of meditation and then
involves the participant deliberately introducing a sutra into the mind with the intention/
expectation that it will produce a certain subjective effect while becoming “immersed” in the
experience.
KC explains that the sidhi mediation condition is a more “active” process than the more
“passive” hypnosis sitting quietly period: “for the next several minutes I’m going to stop talking
and I want you to continue to experience the state you are in right now” (instructions for hypnosis
sitting quietly period: Pekala, Kumar, & Maurer, [93], p. 11). This would be congruent with less loss
of volitional control during meditation than hypnosis, as seen in Figure 6.
The arousal dimension of the PCI assesses “subjective tension.” Both meditation and hypnosis
were associated with no subjective arousal/tension. This would be consistent with the increased
alpha and theta activity found across both conditions. However, KC reported “complete”
self-awareness during sidhi meditation (“6” out of “6”), whereas self-awareness during hypnosis
was “3.33” out of “6.0”. Drops in self-awareness are typical of hypnosis [18, 37, 38].
One of the goals of meditation is to try to always maintain reflexive self-awareness [105], and a
long-term meditator would be expected to do that well. Hence, meditation appears to increase
“meta-awareness,” e.g. reflective self-awareness [106], consistent with KC’s self-awareness score.
Such increased self-awareness is also consistent with left high beta activation [107] as was found
for KC during meditation, but not, hypnosis.
In addition, there were intense feelings of love (“6” out of “6”) reported during sidhi
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meditation; more so than hypnosis. We believe this is consistent with the “cultivation” of
compassion that was generated during the sidhi meditation from the sutra repetition. Interestingly,
both hypnosis and meditation were associated with moderate levels of joy (see Figure 7). Here, in
this advanced TM meditator, greatly increased love (and moderate joy) was also associated with
increased beta activation of the left prefrontal cortex. Interestingly, Kundalini [34] was also
associated with positive feelings of joy (and sexual excitement) with concomitant activation of the
left prefrontal cortex. Per Davidson [108], one of the activities of the left prefrontal cortex is to
downregulate negative affect associated with the amygdala, which, in turn, may then be
associated with increased positive affect.
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Figure 7 Radar graph of PCI minor dimensions.
Concerning the theta activity, theta increases as one falls asleep and also when awakening in
the morning, i.e., the hypnogogic and hypnopompic states [109]. It is unknown if the theta waves
before falling asleep [110] may be similar/dissimilar to the theta in KC’s EEG. However, if one
watches oneself as they are falling asleep (having one’s arm in the vertical position, lying supine,
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and being aware of the nature of awareness/consciousness as one’s arm falls as muscle flaccidity
sets in [111] and one starts to drift off to sleep, one will notice that the “aperture” of
consciousness seems to widen as the general “focus” of attention becomes more diffuse, until one
loses consciousness (self-awareness) and drifts off to sleep (a procedure RP has done at times
while falling asleep, to better discern the nature of awareness/attention during this transition to
sleep).
The “unboundedness” that KC reports appears to be consistent with the increased theta during
siddhi mediation, but without the delta activity (“sleepiness”) that was evident during hypnosis.
That tendency towards sleepiness, associated with the theta activity, may be partially
“counterbalanced” by the left frontal high beta (associated with increase self-awareness and
positive feelings, per the PCI). Hence, the long-term meditator is able to sustain theta without
falling asleep, which may be like being on the “verge of sleep,” but yet more alert and aware. The
sustained theta would also be consistent with the change in body image from the PCI, some loss of
volitional control, and the feelings of “expanded awareness” per KC, as if the “aperture” of
awareness has been widened. The very high levels of self-awareness, concurrent with a change in
bodily awareness and meaning (altered experience) and a subjective sense of an increasingly
altered state of consciousness, as measured by the PCI, would be consistent with this.
There was little significant coherence in the alpha band for hypnosis. In contrast, there was
much more significant frontal to posterior coherence in the alpha band for sidhi meditation. There
was significant coherence for frontal to posterior regions for the theta band for hypnosis;
meditation appears to have increased that theta coherence. Coherence can be considered a
measure of functional connectivity [102] among the different modules of the brain, suggesting
that sidhi meditation was associated with increased alpha and theta coherence versus hypnosis for
this moderately hypnotically responsive individual. Ott [89] has suggested that increased phase
synchronization of EEG activity across the whole cortex, especially gamma, will be associated with
increasingly joyful, ecstatic, and “expansive” mystical experiences.
4.3 Limitations and Constraints
4.3.1 Demand Characteristics
The sidhi meditator reported in this study is also a psychologist and second author on this
paper. Hence, he has read a great deal on hypnosis, and especially meditation. Although the qEEG
results are much less likely to be due to demand characteristics [112]; the noetic results, because
they are based on first person self reports, are more so likely to be so influenced. Future research
will need to be conducted across groups of participants, who have little or no knowledge of the
scientific basis of meditation and hypnosis, to better evaluate these preliminary, case study results.
On the other hand, the description concerning the “unboundedness” of sidhi meditation helps
make the PCI/qEEG results more interpretable, which might not have been possible without the
collaboration/discussion of KC’s elaboration of his phenomenological experience of meditation,
and his scientific knowledge of meditation and hypnosis.
4.3.2 The Possible Ineffability of Various Altered States of Consciousness
The state of consciousness of the meditator during sidhi meditation is hard to talk about or put
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into words, via-a-vis normal, everyday waking consciousness, per KC. The intense self-awareness
without any internal dialogue for this advanced TM meditator would be an anomaly for most
people, since such internal chatter would typically be associated with DMN (default mode
network) activation [113] and mind-wandering or daydreaming. Deactivation of the DMN [114] is
not addressed neurophysiologically in the current paper. It needs to be scrutinized in future
noetic/neurophysiological research, as well as how neurophysiological connectivity issues [89, 115]
may play a role in generating the particular state of consciousness associated with deep hypnosis
or long-term meditation.
Tart [116, 117] suggested almost 50 years ago that it is the pattern of relationship
(“connectivity”) among the various “processors” that determine the particular state of
consciousness that is activated, and not the activated intensity of those processors. There is
conjecture that the nature of the meditational experience, especially when in “deep states of
consciousness,” such as with samadhi experiences [118], may be rather ineffable [118], and hence
extremely difficult to put into words. Consequently, it can be asked as to how valid the PCI may be
to accurately access/assess such “altered” states of consciousness?
The PCI is a third-generation questionnaire, developed from the first author’s dissertation [17],
and another iteration of an earlier version of the PCI [18]. Consequently, it is believed to “sample”
several, but not all, of the major noema and noeses of consciousness [119, 120] that
phenomenological psychologists [121] had postulated as defining the nature of subjective
consciousness. (See Pekala, [18], for a review of this theorizing and development of the approach,
which, in the past, has also been labeled, “psychophenomenology,” Pekala, [122]) The PCI, and its
associated methodology was developed to operationalize Tart’s [116, 117] and Singer’s (In Zinberg,
[123]) theorizing on the nature and essence of altered states of consciousness.
A companion questionnaire, the Dimensions of Attention Questionnaire [36], was similarly
developed to measure various facets of attention [124], since the PCI has only two subdimensions
addressed to attentional experience. Numerous research studies by various researchers have
attested to the usefulness of the PCI for assessing subjective experience associated with a variety
of stimulus conditions, i.e., hypnosis, meditation, virtual reality, ictal consciousness, mediumship,
psi phenomena, religious experiences, etc. (see the “Introduction”).
However, the PCI has not been used with extremely altered states of awareness, as might be
associated with the psychedelics [125], such as lysergic acid diethylamide [114, 126], ayahuasca
[127, 128], psilocybin [129, 130] or dimethyltryptamine (DMT) [131, 132]. Here is where
administering the PCI with questionnaires developed to specifically assess such altered psychedelic
states [133], such as the Altered States of Consciousness Rating Scale (ver: 11D-ASC) [134], or the
MEQ30 [135] may be especially useful [136]. Future research will need to continue to build upon
the foundations laid here by the PCI, the 11D-ASC, the MEQ30, and others.
The brain/mind approach espoused in this paper may be especially useful when looking at the
many variants of parapsychological phenomena [137, 138], psi phenomena and hypnosis [139,
140], anomalous experiences [141], and methodologies used to generate such experiences, such
as the ganzfield [142]), to name only a few of the many areas of potential interest.
Additionally, various Buddhist texts talk about the increasingly “fine” levels of awareness
achieved by long-term meditation, when looking at the domains of mindfulness and concentration
[143]. Comparing the PCI, and also the DAQ, with meditational questionnaires [144-147] would
also be useful, especially when looking at changes in attentional experience associated with
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different types of meditation.
As mentioned earlier, Facco et al. [33] have used hypnosis, the PCI, and the qEEG, to assess the
nature of the out-of-the-body experience (OBE). This is an area where the PCI may be especially
helpful in further understanding such experiences as documented by Buhlman [148, 149], Tressoldi
et al. [150], and Ziewe [151, 152], especially if neurophysiology, as quantified by the qEEG or the
fMRI, can also be concomitantly assessed.
4.3.3 Quantifying States of Consciousness via Pattern Effects
If there were a large enough group of meditators/hypnotic participants involved in the research
as a function of stimulus condition, a psygram (a graph of the psychophenomenological state of
consciousness of the group of participants experiencing that stimulus condition) could be
constructed to show the patterns of relationship among the various PCI dimensions [122].
Significant pattern/connectivity differences were found among PCI dimensions between low and
high suggestible individuals during hypnosis versus a baseline, eyes closed sitting quietly condition
[43, 44, 153]. Such differences were replicated by Cleveland, Korman, and Gold [154].
Hence, besides looking at variations in intensities among the 12 PCI dimensions via radar graphs
or pips (phenomenological intensity profiles – see Figure 5), the researcher can visually diagram
and statistically assess the strength of the patterns of association [155, 156] among such
dimensions via psygrams. This would hence allow for the state of consciousness, as theorized by
Tart [116, 117], to be quantified and visually diagrammed for the different conditions/groups of
participants [18]. Rock and associates [66, 157] have been using psygram theorizing and analysis
rather extensively in their research on altered states of consciousness.
4.3.4 Conjectures Based on an n of One
A major concern with the aforementioned theorizing is the fact that the authors are making
conjectures between the qEEG and what has been reported on the PCI/PCI-HAP using an n of 1.
Such “case study” conjectures, although supporting interesting hypotheses between mind and
brain, are just that: conjectures. The case study research reported herein, needs to be
supplemented with research conducted across groups of participants, and compared against
controlled conditions, to better determine the nature of the brain/mind relationships. The study by
Thomas et al. [85] is an excellent example of such controlled research.
4.3.5 The Complexity of the Task Involved in Assessing Neurophysiological Data
As mentioned earlier, Landry, Lifshitz and Raz [82] in their comprehensive and sophisticated
“systematic and meta-analytic” review of neuroimaging studies of hypnosis, concluded that “there
remains little consensus concerning the neural mechanisms and a great deal of inconsistence
among findings” (p. 92). Instead of finding that the central executive network (CEN), the salience
network (SN), and the default mode network (DMN) were main contributors in parsing out the
variance associated with hypnotic responsibility, their sophisticated analyses, employing activation
likelihood estimates (ALE), implicated the lingual gyrus and visual processing mental imagery “as
the sole reliable neural pattern relative to the current body of neuroimaging findings” (p. 91).
Interestingly, the importance of imagery (amount and vividness) was found to account for about
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28% of the relative variance (as assessed by standardized coefficients) in predicting the hypnotic
responsivity index (HRI) score of about 100 Italian participants who completed the PCI-HAP [55].
Two earlier studies [158, 159] also implicated the importance of imagery, and its relationship to
imagery vividness before and during a hypnotic induction, in better understanding hypnotic
responsivity as noetically assessed by the PCI-HAP. Hence, use of the PCI-HAP in better
determining the neurophenomenology of hypnosis and hypnotic responsivity, appears warranted.
Palmiero and Piccardi [160], in their “mini-review” of frontal EEG asymmetry and mood,
concluded that regardless of the “research line considered, there are contrasting results that
cannot be unequivocally interpreted according to one frontal asymmetry model rather than
another” (p. 5). The complexity of the task of mapping the brain are mind-boggling.
About ten years ago, Baars and Gage [161] reported there to be about 100 Brodmann areas,
suggesting that this may be taken as a general estimate concerning the number of specialized
areas of the cortex. Additionally, there are about 100 billion neurons of the human brain and about
1000 synaptic connections per the average neuron [162]. This means that there are trillions of
connections amongst these 100 billion neurons. In summary, the brain is the “most complex object
in the known universe” [162]. Is it no wonder that different laboratories employing somewhat
different methodological procedures lead to conflicting results, given the astronomical number of
resulting permutations that may be induced by slight changes in the stimulus set/instructions?
Psychophysiological isomorphism [31] posits “a one-to-one correspondence between mind and
brain states” ([31], p. 222). Close to 40 years ago the first author [163] posited the principle of
“stimulus-state specificity,” as a means to relate quantifiable phenomenological (mental)
experiences with their corresponding behavioral and stimulus settings/environments. This
principle posited that different stimulus environments (when assessed across groups of randomly
chosen participants), which includes all instructional sets and associated environmental/behavior
cues, will be associated with different intensities and/or patterns of noetic (phenomenological)
experiences, while the same stimulus environments will be associated with nonsignificantly
different intensities and patterns of noetic (phenomenological) experiences.
Combining these two principles means that changes in the stimulus setting (instructional and
environmental set), will lead to activation of the different modules (and their associated
connectivities) in the brain, which, in turn, will reflect subtle changes in neurophysiology and
hence corresponding changes in the qualia experienced by the participant. So, even changing the
instructional set slightly concerning what participants are to do, will likely affect not only the
neurophysiology, but also the noetics of what will be experienced. In practical terms, the
instructional sets and the stimulus settings may have significant impact on neurophysiology and its
corresponding noetic enactment. So near identical studies with slightly different instructional sets,
may lead to somewhat different noetic/neurophysiological involvement.
4.3.6 The Reliability and Validly of First Person Self-Reports
Davidson and Kasznik [164] talk about the myriad of conceptual and methodological issues that
need to be resolved in better researching the mind, mindfulness, and meditation. They specifically
address the rationale popularized by Varela and colleagues [165, 166], a view that the current
authors believe is mistaken: “that reports of conscious experience derived from minds that have
not had this form of [meditation] training will be tainted by distraction and thus be compromised
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with respect to both reliability and validity” (p. 585).
Neurophenomenology, as defined by Lutz and Thomson [27] uses “first-person methods,” which
they deem to be well rehearsed subjective practices that participants can use to “fine tune” their
sensitivity towards, and articulation of, their ongoing subjective experiences. This training involves the
self-monitoring and regulation of attention, emotion and consciousness, in such a manner to give the
participant more accurate awareness and perception of the fleeting and evanescent nature of conscious
experience, so as to more fully ascertain the nature, and quality, of that experience.
On the contrary, we believe that such “training” establishes subtle stimulus expectancies and biases
into the nature of introspection, which may subsequently influence the qualia of that phenomenological
experience. The aforementioned argument is not new, as historians of classical introspection will attest.
Such trained introspection was used by the classical introspectionists over 100 years ago, and this
approach was “buried” by Watson’s classic rebuttal of introspectionism: “Psychology as the
behaviorist views it” [167]. The results, as summarized by Boring [14], suggested that different
laboratories will train introspectionists in slightly, and subtly, different ways. The result were
differences in the qualia reported by various introspectionists across different laboratories, and the
“consciousness of action, feeling, choice, and judgment” (p. 176) were neither reliable nor valid.
Noetic analysis, on the other hand, uses “untrained” introspectionists, i.e., individuals with no
specific training in introspection. Such training is not necessarily due to the fact that
participants retrospectively quantify their subjective experience via standardized (self-report)
questionnaires in reference to short periods of time. (See Pekala, [18], for a more thorough review
of the “pros and cons” for and against the use of retrospective first person self-reports with
standardized inventories.) Additionally, a search of the term, “Phenomenology of Consciousness
Inventory (PCI),” with google will reveal scores of articles on the reliable and valid use of the PCI to
map states of consciousness, and the noetic experiences associated with a myriad of stimulus
conditions.
4.3.7 Assessment Length and Order Effects
The sitting quietly period during the PCI-HAP was 5 minutes, whereas the sidhi meditation
period was 10 minutes. It was felt that 10 minutes were needed for the effects of the sidhi
mediation to be fully discernable. The usual period for the PCI-HAP sitting quietly period is 3
minutes [93]. Because the typical sitting quietly time period was shorter than the 10 minutes for
the sidhi mediation, this sitting quietly period during the PCI-HAP was increased to 5 minutes for
the present study. Future research will need to have equivalent periods of time for both hypnosis
and meditation conditions. Order effects were also not addressed, and may have had some impact
on the results.
5. Conclusions
Lifshitz [25] said several years ago that “whereas scientists have access to a plethora of
advanced methods for investigating brain and behavior, they face a dearth of techniques for the
empirical analysis of phenomenology” ([26], p. 9). Noetic analysis [16, 21] provides a reliable and
valid methodology to not only quantify and statistically analyze phenomenological experience, but
provides a means to assess and diagram states and altered states of consciousness [116, 117]
associated therewith [168]. When combined with the qEEG, noetics may be especially helpful in
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better understanding not only consciousness and states of consciousness, but the various
processes associated therewith, including emotional regulation, decision making,
psychopathology, and their influence upon mental health and individual differences factors [169].
Based on the aforementioned discussion, the reader can understand how combining the qEEG
with the PCI allows for the qualia associated with the aforementioned qEEG frequency, asymmetry,
and coherence results, to be compared and contrasted. The results may be even more interesting
when combining noetics with sLORETA [170], and the host of other neurophysiological
methodologies, such as the fMRI (functional magnetic resonance imaging) as Modestino [34] has
done. By quantifying the qualia of mental experience, we believe it will be easier to generate
quantitative hypotheses concerning the mind/brain interface associated with that experience. Its
use across groups of participants with different stimulus conditions is an important next step.
Combining the PCI with the qEEG allows for subjective referents associated with
neurophysiology to be quantified and statistically evaluated during hypnosis, meditation, and
possibly other altered states of consciousness [171]. Evaluating the brain with the qEEG during
meditation or hypnosis, while neglecting the qualia [23] associated therewith, is like measuring the
neurophysiological parameters of the orgasm, but ignoring the nuances of the subjective
experience of its associated ecstasy [172]. Several different levels of analysis are needed for a more
complete understanding of the phenomenon of interest.
Use of this approach to better quantify the brain/mind interface across groups of low and high
hypnotically responsive participants during hypnosis and meditation, may be especially helpful in
allowing for a more rigorous mapping of the brain/mind continuum than is currently available.
Paraphrasing Jamieson and Jensen et al., we believe that in trying to better unravel the
“bewildering array of practices *of meditation and hypnosis+ across different cultural settings and
in different historical epochs” ([5], p. 313) such investigations “are probably best explained by more
comprehensive models that take into account factors from biological, noetic [our italics/addition],
psychological and social domains” ([7], p. 63).
Phenomenological experience needs to be comprehensively quantified [25, 27, 28] as an
important, but equal, domain in being able to truly decipher the mystery of altered states of
consciousness [109] and their many and varying, associated qualia. Almost 30 years ago the first
author suggested that
the next revolution in psychology, mental health, and cognitive science... will be a
noetic-behavioral one from both a research and an applied perspective... by
showing that noetic aspects of human experience can be quantified and
statistically assessed in a comprehensively reliable and valid manner... Only an
approach that considers both man’s objective and subjective environments, his
world and his psyche... will be able to do justice to that complexity we call human
([18], p. 350).
Hopefully, the present case study suggests the usefulness of such an approach. Future research
appears warranted.
Footnotes
This paper does not represent the views of the United States Government nor the Department
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Daniel Kaufmann, Ph.D., for his helpful comments on an earlier version of this manuscript.
1
Copies of the PCI [29], and the user’s manual and EXCEL scoring protocols for the PCI [173] are
available at www.quantifyingconsciousness.com. Copies of the PCI-HAP [71, 72], the self-report
and therapist versions of the pre- and post-assessment forms, the administration manual [93], the
interpretative manual [101], and the EXCEL scoring protocol for the PCI-HAP [174] are also
available at www.quantifyingconsciousness.com. [Please note: while anyone can download and
procure a copy of the PCI and its EXCEL scoring sheet; you must be a clinician or researcher with
validated experience in hypnosis to procure the PCI-HAP.]
2
Gamma activation - 25 to 42 Hertz - for Thomas et al.’s study was defined to include “high”
beta - 26 to 30 hertz – as assessed in the present study. Hence the present study’s “high” beta
activation, can be considered a part of Thomas et al.’s gamma activation.
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Acute exercise is associated with improvements in cognition across varying age groups [4, 6].
Cognitive function is of critical importance in everyday life during all life stages. Therefore, it is
worthwhile to identify factors that enhance cognition. The present Special Issue in OBM
Integrative and Complementary Medicine published 11 articles related to the effects of exercise
on cognitive function (Table 1). These studies assessed a variety of cognitive outcomes, including,
for example, cognitive decline, episodic and semantic memory, various aspects of forgetting, and
auditory and visual memory. Several populations were studied, such as elderly individuals [2-4],
young adults [1, 5, 11], and children and adolescents [6]. Moreover, the applied exercise protocols
varied, including, for example, single bouts of moderate exercise [7, 11], chronic exercise training
[4], and meditation [9].
This collective body of work revealed several interesting findings. For example, several papers
published in this Special Issue provided insight into age as a potential factor influencing the
exercise-cognition relationship. As an example, James et al. [4] demonstrated that chronic exercise
may reduce cognitive decline in elderly individuals. Findings by Oberste et al. [5] suggest that a
© 2020 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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single bout of exercise enhances cognitive flexibility in healthy young adults. Other related
research has also shown improvements in episodic and semantic memory [7] as well as potential
effects of exercise on directed forgetting [11] in young adults. Relatedly, Williams et al. [6]
provided evidence for positive effects of exercise on cognitive functioning in children and
adolescents. Moreover, Williams et al. [6] observed that moderate intensity exercise of about 30
min had positive effects on cognitive function in children, while 10-30 min of moderate to high
intensity exercise appeared to be most beneficial for adolescents. Their data also suggest that
beneficial effects last for about 45 min post exercise and may be more pronounced in individuals
with higher physical fitness levels. Recently, Lineweaver et al. [1] suggested that gender may
influence the effect of exercise on cognition. Lastly, this Special Issue also included several papers
that provide recommendations for future research, such as measuring and reporting exercise
intensities and durations in studies in more detail [6], as well as evaluating whether the beneficial
effects of exercise in relatively healthy samples also has similar effects among clinical patients.
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Table 1 Summary of published papers in this Special Issue.
Reference

Purpose

[1] Lineweaver To examine the role of gender,
et al. (2020)
effects of athletic participation,
and exercise on working memory.

[2] Koon et al.
(2019)

Population

Exercise Protocol

Cognition

Main Results

Auditory and visual
working memory

Illustrated that the relationship
between athletic participation,
exercise and working memory
depends on gender.

Cross-sectional N/A

Executive function

Illustrated that engagement in
physical activities that involve higher
complexity or higher levels of social
engagement is not associated with
improved executive function
outcomes.

Systematic
review

Cognitive-motor
functioning

Illustrated the benefits of a
multidimensional approach of
individual cognitive-motor
functioning, as well as
physical-cognitive dual-task training
among elderly.

College students Cross-sectional N/A

To examine the effect of task
Elderly
complexity and social engagement
on cognitive functioning among
active, older adults.

[3] Deschamps To highlight the interconnection
(2019)
of movement and cognition.

Study Design

Elderly

N/A
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[4] James et al. To examine the effects of physical Elderly
(2019)
exercise, mental exercise, and
other anti-neuroinflammatory
interventions on five patients with
varying levels of cognitive
impairment.

Case series

At least 30 min of
aerobic exercise, 5
days per week
(self-guided)

Cognitive skills, brain
connectivity, and daily
functioning in five
patients with varying
levels of cognitive
decline

The data supported the idea that the
use of a multi-component approach
can slow cognitive decline.
fMRI analyses revealed changes in
brain connectivity and efficiency.

[5] Oberste et
al. (2019)

To assess current evidence on
whether or not a single bout of
aerobic exercise improves set
shifting in young adults.

Healthy young
adults

Systematic
review and
meta-analysis

N/A

Cognitive flexibility (set The data supported the idea that
shifting)
improved set shifting may be a result
of physiological and/or psychological
adaptations to exercise.

[6] Williams et
al. (2019)

To illustrate factors affecting the
exercise-cognition relationship,
such participant characteristics
and timing of cognitive effects

Children and
adolescents

Systematic
review

N/A

Cognitive function

Illustrated that moderate intensity
exercise of approximately 30 min
had positive effects across cognitive
domains in children.
Moderate-to-high intensity exercise
of 10-30 min appears most
beneficial in adolescents. Data also
suggests that beneficial effects last
for approximately 45 min
post-exercise and, possibly, may be
more pronounced in individuals with
higher physical fitness levels.

[7] Day et al.
(2019)

To evaluate the effects of acute
moderate-intensity exercise on

College students RCT

15 min moderate
intensity aerobic

Episodic and Semantic
memory

The findings provided some
suggestive evidence of increased
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autobiographical episodic and
semantic memory.

exercise at 70%
HRR

recall of semantic memories after
after exercise. However, these
findings were not statistically
significant.

[8] Loprinzi
(2019)

To examine effects of aquatic
exercise on cognitive function.

Multiple
populations

Systematic
review

N/A

Cognitive function

Illustrated beneficial cognitive
effects from aquatic exercise.

[9] Davis et al.
(2019)

To examine the effects of
meditation on Heart Rate
Variability (HRV) and the
Coherence Ratio.

N/A

Comparative
analysis

Daily planned
meditations as
well as global
panned
meditations

Cognitive function

The findings supported the idea that
meditative states might be beneficial
to cognition.

Systematic
review

N/A

Learning, memory, and Emphasized that applying
retention
techniques studied in laboratory
environments in practical settings
benefits educational achievements,
cognition, and personal
development.

15 min bout of
moderate
intensity treadmill
exercise

Selective directed
forgetting, directed
forgetting, subsequent
memory retrieval

[10] Loprinzi et To evaluate contextual factors and N/A
al. (2019)
specific techniques that influence
learning, memory, and retention.

[11] Ferguson
et al. (2018)

To evaluate the effects of
College students RCT
selective directed forgetting (SDF)
and directed forgetting (DF) on
subsequent memoirs retrieval and
investigate whether acute
exercise can facilitate the effects
of SDF.

Illustrated a DF effect but not SDF.
Moreover, data suggested no effect
of acute exercise in facilitating SDF.
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Abstract
Rosacea is a chronic inflammatory disease of the skin characterized by facial papules,
pustules, erythema, and telangiectasia. Emotional factors such as stress and anxiety may
induce and aggravate the symptoms of rosacea. It is hypothesized that tongue acupuncture,
a technique that has been used successfully in the treatment of various neurological and
psychiatric diseases, could be beneficial in relieving rosacea symptoms. This study evaluated
the immediate effect of tongue acupuncture at specific anatomical points in the treatment of
rosacea. A case study was conducted on a 27 years old woman with the diagnosis of rosacea,
complaining of redness, pustules, burning sensation, stinging, and itching on the face. The
study used the tongue acupuncture points of heart, stomach, lung, and head. The
temperature was measured with the thermograph (FlirE5) at room temperature (20 °C)
within 1.0 meter distance from the patient and 1.5 meter distance from the ground. For this,
photographs were taken three times, first, before starting the tongue acupuncture treatment,
second, directly after the stimulation of the points, and third, fifteen minutes after
acupuncture. A difference was observed fifteen minutes after acupuncture in the average
temperature of the regions, right cheek (32.9 °C), left cheek (33.1 °C), and nose (33.6 °C).
However, in the other regions, the temperature was maintained or slightly raised. The
present study indicates that tongue acupuncture has immediate and slight effects over facial
temperature, and can provide some relief in the symptoms. Further studies on a larger
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sample size must be conducted for a better understanding of the mechanisms of tongue
acupuncture on dermatologic diseases such as rosacea.
Keywords
Acupuncture; tongue acupuncture; rosacea; Chinese medicine

1. Introduction
Rosacea is a chronic dermatological disease characterized by the presence of an inflammatory
and infectious process in the facial regions such as the nose, forehead, chin, and cheeks.
Individuals with this disease may appear flushed in some regions of the face, which may last
indefinitely, and may cause papules, telangiectasia, itching, burning sensation, dryness, edema,
and thickening of the skin in the flushed area [1, 2].
This occurrence of rosacea is higher in females than in males, and the etiology is still unknown.
However, there are some theories that rosacea may be caused by genetic predisposition
associated with environmental and emotional factors, which promote the manifestation of clinical
signs [3, 4].
According to the spectrum of Chinese medicine, rosacea may be caused by the heat in the
blood (Xue) and, in some cases, heat toxicity generates phlegm, thus disabling the lung (Fei) to
maintain its circulatory function, causing external stasis, on the Skin (Pi Bu Zone). This stagnation
malnourishes the blood (Xue), causing a change in the stomach (Wei). The heart (Xin) receives and
moves this hot and malnourished blood (Xue), and may have some trouble in refreshing; therefore,
the individual with rosacea present flushed areas.
In Chinese medicine, the tongue is widely used as a means to evaluate the organs and viscera
(Zang Fu). Dr. Sun Jie Guang realized that using the principles of skin visceral reflex, the tongue
could also be used for treatment. Tongue acupuncture has been widely studied to treat
neurological as psychiatric diseases. Accordingly, it could be used to treat rosacea because its other
etiological factors include genetic and emotional factors [5, 6].
The study aimed to:
• Evaluate the immediate effect of lingual acupuncture on the treatment of rosacea.
• Assess immediate temperature changes in the rosacea patient’s face.
This research was approved by the Research Ethics Committee of the Brazilian College of
Chinese Medicine, based on the requirement of Resolution 466/2012 of the National Health
Council. The project was approved in 09/20/19, with the approval number: 2019.0102.
The patient was contacted by the researchers and invited to participate to this study, and before
accepting, the participant was informed about all the procedures and invited to sign an informed
consent form.
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2. Materials and Methods
A case report was prepared of a 27 years old woman with the diagnosis of rosacea, complaining
of redness, pustules, burning sensation, stinging and itching on the face, and was invited to
participate in the current study, after signing an informed consent form. The participant never
used any medication to treat rosacea and only used special soaps and sunscreens.
The thermograph model FlirE5 (FLIR Systems, Inc., Oregon, United States of America) was
procured by the Brazilian College of Chinese Medicine. A camera was used before and after the
treatment to evaluate whether the stimulation of selected points presented any difference in the
participant’s facial temperature. For the evaluation, different selected zones were forehead,
cheeks, nose, eyes, and mouth.
To perform the procedure, the patient was asked to sit comfortably in a chair, and photographs
were taken from a distance of 1.0 meter from the patient, and 1.5 meters from the ground. The
room temperature was set at 20 °C; the patient and the therapist waited fifteen minutes for the
participant’s body to adapt to room temperature before the procedure started. Prior to the
adaptation process, one photograph was taken, focusing on the evaluation of the results. Three
images were taken, one before the procedure, one immediately after the stimulation of the points,
and the third, after fifteen minutes of stimulation. The participant was previously instructed not to
consume beverages or foods (Example: Coffee, Alcohol, Pepper, etc.) that could cause alteration in
the face before the session.
For the stimulation of the selected points, a stainless steel needle (0.20X0.75–Dong Bang) was
used (Figure 1), which was discarded after the stimulation. The stimulus performed felt like little
bites (3 to 5 times), and this manipulation was made by superficially puncturing the points until
changes were observed in the color of the needle region and the patient’s eyes. The selected
points are listed below and localized in Figure 2A and Figure 2B:
• Heart – Selected for its function in calming the Heart (Xin), because the Mind (Shen) lodges in
this organ (Zang) and is used for governing the blood (Xue) and blood vessels (Xue Mai).
• Stomach – Selected for its role in giving rise to body fluids.
• Lung – Selected for its opening in the nose, circling and controlling the waterway and the
exterior.
• Head – Corresponding zone of the face, and treating this region and tranquilizes the mind.

Figure 1 Acupuncture needle used.

Page 65/206

OBM Integrative and Complementary Medicine 2020; 5(2), doi:10.21926/obm.icm.2002021

Figure 2 Patient tongue (A = Venter and B = Back) before the procedure.
3. Results
Before adapting to the room temperature, a photograph was taken to evaluate the results of
the procedure before and after room adaptation. The regions of the forehead (El1), right cheek
(El2), left cheek (El3), nose (El4) and mouth (El5) are highlighted in Figure 3A, while the regions of
the eyes, presented as the right eye (El1) and left eye (El2) are highlighted in Figure 3B.

Figure 3 Thermographic images taken before the adaptation period and tongue
acupuncture. Note: The blue triangle is for minimum temperature and the red one is
for maximum temperature.
The tongue stimulation at selected points caused changes in the temperature of the
participant’s forehead, nose, mouth, cheeks, and eyes immediately after the treatment and fifteen
minutes later (see Figure 4 and Figure 5).
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On comparing the forehead, nose, mouth, and cheeks regions, we observed differences in the
average temperature in the three specified time shots (Figure 4). The temperature was lower
before the procedure (Figure 4A) than immediately after the procedure (Figure 4B), while there
was a slight decrease in the temperature fifteen minutes after the procedure completed (Figure 4C)
compared to the temperatures immediately after the procedure (Figure 4B).

Figure 4 Thermographic images of forehead, nose, mouth, and cheek regions. Legend:
A: Before procedure; B: Directly after; C: Fifteen minutes later. Note: The blue triangle
is for minimum temperature and the red one is for maximum temperature.
On comparing the regions of the eyes, there were some variations in the average temperature
in the three images acquired at specified times (Figure 5). Before the procedure, the temperatures
of regions were: El1 (29.8 °C) and El2 (29.7 °C) (Figure 5A), and directly after the procedure, there
was an increase as El1 (35 °C) and El2 (35.4 °C) (Figure 5B). Fifteen minutes after the procedure, a
slight decrease in the temperature of regions El1 (34.9 °C) and El2 (35.1 °C) was observed (in Figure
5C).

Figure 5 Thermographic images of the eye region. Legend: A: Before procedure; B:
Directly after; C: Fifteen minutes later. Note: The blue triangle is for minimum
temperature and the red one is for maximum temperature.
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The graphical representation of average temperature differences in the regions of the face
(Figure 6) and the eyes (Figure 7).
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Figure 6 Differences in the average temperature of the face.
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Figure 7 Differences in average temperature of the eyes.
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The graphical representation of maximum temperature differences in the regions of the face
(Figure 8) and the eyes (Figure 9).
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Figure 8 Differences in the maximum temperature of the face.
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Figure 9 Differences in maximum temperature of the eyes.
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The graphical representation of minimum temperature differences in the regions of the face
(Figure 10) and the eyes (Figure 11).
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Figure 10 Differences in the minimum temperature of the face.
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Figure 11 Differences in minimum temperature of the eyes.
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4. Discussion
Some studies report the use of herbs [3] and acupuncture for treating dermatological diseases
since 226–210 BC [7]. Recently, Gao et al. [8] used acupuncture to treat a patient with rosacea, and
observed positive changes around the patient’s nose within three sessions. Here, the temperature
changes were observed in minutes, and one month later, the patient informed the therapist about
the decrease in the heat sensation on the nose, even in summer days, besides a decrease in
burning, redness, and itching sensations. She also recorded that the pustules diminished over
time.
Despite only a slight decrease in temperature in the right cheek, left cheek, and nose, the
patient felt relieved by the stimulus. Acupuncture not only has a vasomotor functionality but
liberates the neurotransmitters that can alleviate pain and control symptoms like anxiety, which, in
this case, is a factor that started the symptoms and made them worse. The patient’s positive
report can be explained on these principles, but further studies on a larger number of rosacea
patients should be done to establish these outcomes.
The increase in temperature after acupuncture procedure is caused by the vasomotor activity,
which induces the increase in blood flow in the target area, promoting the exchange of stagnated
blood in this area, causing relief from the symptoms of burning sensation, stinging, and itching in
the face. This may be possible because, according to the Chinese medicine theory, the tongue is
where the heart opens, like that of eyes and face.
Huang et al. [9] and Li et al. [10] observed an increase in blood flow and temperature during
and after acupuncture, but they advised more research on the mechanisms behind these
responses after different kinds of stimuli. Nevertheless, in comparison to the outcomes of their
research, we can observe a decrease, increase, and stabilization of temperature, when the images
taken before and after stimuli were compared.
In neurological terms, the tongue has a variety of innervations that promote a better insight to
Penfield’s homunculus, in protecting the face from getting hotter in summer days, controlling the
responses of the body to the changes in the environment. Napadow et al. [11] observed an
antipruritic effect of acupuncture in patients with atopic dermatitis, indicating that using tongue
acupuncture may or may not be based on the same principles observed in this study, but to further
establish this, our protocol must be further evaluated as per Napadow et al.
During the procedure, the patient reported that she could sense as if someone was giving her
face some type of electro stimulatory massage. In Chinese medicine, this is called the Deqi or the
needling sensation, or the act of mobilizing Qi and consequently, blood (Xue). This means, that
when we provoke a vasomotor activity in a “damaged area” by stimulating the acupuncture points,
this place begins to recycle the old blood with new blood, full of oxygen and nutrients.
The needling sensation can be promoted by a variety of manipulations in addition to the time of
needle retention on the acupoint, and according to Huang et al. [9] and Li et al. [10], this may lead
to a variety of bodily responses to the manipulation method. The results could be more expressive
with a stronger or a lighter manipulation, but this may be studied in a larger number of samples.
As earlier mentioned, the patients with rosacea suffer from a malfunction of the circulating
system from the Heart and Lung; the function can be recovered with the Deqi, but to fulfill this
treatment, the patient may need more sessions and a longer evaluation of the responses.
Besides the small sample size, our manipulations could lower the temperature in some parts of
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the face, although the difference was little, to the patient, this was sufficient to improve some
symptoms.
5. Conclusions
Tongue acupuncture led to immediate results in the temperature of the target area, and even
with the slight changes, the patient felt relief in the symptoms. Although the data are satisfactory,
it is necessary to complement the study on a larger sample size and a longer intervention time so
that the results can be widely discussed. This type of study may bring benefits in understanding
the processes involving rosacea according to Chinese medicine and even help analyze the effects
of using tongue acupuncture in the treatment of this condition.
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Abstract
Peripheral inflammation plays an important role in the pathophysiology of Alzheimer’s
disease (AD) and dysregulations in circulating levels of different inflammatory mediators are
detectable as early as the mild cognitive impairment (MCI) stage towards AD. Depressive
symptoms, another risk factor of AD, are often found in individuals with MCI and associated
with heightened levels of peripheral inflammatory mediators. Diminution in depressive
symptoms and alterations of peripheral inflammation profiles have been observed following
Mindfulness-based interventions (MBIs). In this pilot randomized-control trial, the impact of
a mindfulness-based intervention (MBI) was compared to that of a psychoeducation-based
intervention (PBI) on the peripheral inflammation profile and depressive symptomatology of
participants with MCI. Plasma samples and scores on the Geriatric Depression scale (GDS)
© 2020 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 obtained from 12 participants per group before and after the 8-week interventions.
Flow cytometry allowed for inter-group comparisons of the pro-inflammatory cytokines
Interleukin (IL)-6 and Tumor Necrosis Factor (TNF)-α levels. Post-MBI, two tendencies stand
out regarding inflammation profiles: 1) a decrease of TNF-α for participants having higher
initial levels of this cytokine, and 2) an increase of IL-6 levels for all participants. In the PBI
group, the cytokine levels remained unchanged post-intervention. Regarding depressive
symptomatology, no significant variations were noted for both groups. Moreover, variations
on depressive symptoms and peripheral levels of cytokines were not correlated. MBI could
exert a physiological effect on an important feature of AD, namely inflammation.
Furthermore, action mechanisms behind physiological and psychological effects of MBIs
could stem from independent sources. This remains to be demonstrated with more robust
data.
Keywords
Mindfulness; mild cognitive impairment; Alzheimer’s disease; peripheral inflammation;
cytokines; interleukin-6; tumor necrosis factor alpha; depressive symptoms

1. Introduction
Alzheimer’s disease (AD) is characterized by cognitive decline (most commonly involving
memory deficits), with significant impairment of activities of daily living [1]. No effective treatment
is currently available to reverse or stop the progression of AD. In light of the many failed attempts
at developing effective treatments, hope is now put in primary and secondary prevention
strategies targeting modifiable risk factors of AD such as depression, anxiety, smoking, diabetes,
hypertension, obesity, cognitive inactivity, low educational attainment, physical inactivity, and
inflammation at early stages of the disease [2-7].
Peripheral inflammation as a modifiable risk factor of AD has ramifications crucial for the
evolution of the disease. First, inflammation is an underlying common denominator of multiple
other risk factors of AD [8, 9]. As illustrated by the allostatic load theory [10], the accumulation of
adverse factors (e.g. depression, anxiety, hypertension) over time may impact the homeostasis of
the immune system by promoting a chronic state of low-grade systemic inflammation [9]. Second,
this chronic inflammatory state may actively contribute to the pathophysiological processes of AD
and their repercussions in the brain. Indeed, neuroinflammation, an otherwise beneficial defense
mechanism of the brain, becomes chronically overactivated in AD and damages brain tissues,
therefore contributing to neurodegeneration and progression of the disease [11, 12].
A growing body of evidence indicate that systemic blood levels of pro-inflammatory cytokines
are elevated in AD patients compared to healthy controls, particularly interleukin (IL)-6 and tumor
necrosis factor (TNF)-α [13]. Heightened levels of these cytokines increase the risk for developing
AD and tend to increase to higher ranges as the disease progresses, making them potential
candidates as biomarkers of AD [13, 14]. Some studies reported heightened levels of these
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cytokines, but to a lesser extent, in individuals suffering from Mild Cognitive Impairment (MCI)
when compared to healthy controls [15-18].
MCI corresponds to the prodromal phase of AD in a large subset of individuals [19]. Cognitive
functioning in MCI is inferior to what can be expected for the age and level of education of the
person, but not sufficient to cause a significant impact on daily functioning [20]. Individuals with
MCI are excellent candidates for AD secondary preventive strategies since they show early signs or
characteristics of the disease on which one can intervene.
Interventions that target inflammation are believed to be more effective for AD prevention in
people at risk if they are conducted early in the progression of the disease [21]. According to a
multicentric longitudinal study by Breitner and collaborators [22], asymptomatic elderly with a
genetic AD predisposition who took nonsteroidal anti-inflammatory drugs (NSAIDs) daily over the
course of two years had a lower risk of developing AD within the next two to three years. However,
taking NSAIDs at later stages of AD has been associated with an acceleration of the disease
progression, suggesting that the preventive effects of NSAIDs could be limited to the early stages
of the disease. Epidemiological studies concurred with a diminution in incidence [23-27]. Despite
their prevention effects on cognitively healthy older adults, long-term use of these drugs are often
accompanied by incommoding or even dangerous side effects. [28]. Therefore, alternative
methods might be favored to target inflammation in individuals with MCI.
Mindfulness-based interventions (MBIs) are amongst the alternative methods that could be
used to reduce inflammation in MCI. Mindfulness programs generally stem from the
Mindfulness-Based Stress Reduction (MBSR) program of Jon Kabat-Zinn [29]. These include
different types of meditation practices where individuals cultivate the ability to pay attention to
the present moment in a non-judgmental way. MBIs are accessible and have limited negative side
effects, as is the case of other psychosocial interventions bringing to consciousness the presence
of negative experiences. A meta-analysis indicated a decrease of circulating levels of TNF-α
following MBIs, an observation that was constant across different study protocols and populations
[30]. Multiple studies also reported decreases of IL-6 following MBIs, although this effect might
not be as generalized as TNF-α [30-34].
Despite a growing body of research highlighting MBIs’ effects on inflammation, the underlying
mechanisms are still poorly understood [35]. It is recognized that MBIs reduce depressive
symptoms in different populations [36, 37], including the elderly [38, 39]. This is of interest since
the expression of inflammatory markers, including IL-6, were found to be higher in depressed
elderly patients with diabetes and co-occurring MCI in comparison to elderly diabetics with
depressive symptoms, but without MCI [40].
Heightened levels of IL-6 and TNF-α have also been involved in the emergence of depressive
symptoms in major depressive disorder [41-45]. Furthermore, a reduction in depressive symptoms
has been observed following NSAIDs administration [46], as well as an attenuation of circulating
inflammatory activation [47]. In light of the association between depressive symptoms and
circulating cytokine levels, it is possible that the antidepressant effects of MBIs may be due, at
least in part, to their normalizing effect on the inflammatory process. This hypothesis is
particularly interesting to investigate in individuals with MCI because this population often
presents co-occurring depressive symptoms, which in turn adds to the inflammatory burden
associated to this prodromal phase [40]. This heightened inflammation could explain why MCI
individuals with concomitant depressive symptoms are at a higher risk of developing AD than
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individuals with MCI without mood symptoms [48]. To our knowledge, the effects of a mindfulness
intervention on circulating levels of IL-6 and TNF-α has not yet been investigated in individuals
with MCI.
1.1 Aims and Hypotheses
The primary objective of this study was to examine the effects of a MBI on plasma levels of
pro-inflammatory cytokines of MCI participants, with a particular focus on TNF-α and IL-6 because
they have been implicated in AD progression [13, 14]. Given the potential of MBI to decrease
inflammation [30], it is hypothesized that lower levels of TNF-α and IL-6 will be observed in
participants of the MBI group.
The secondary objective aimed to investigate the possible association between variations in
cytokine levels and depressive symptomatology in participants who were administered a MBI. It is
hypothesized that such associations will be observed given the strong relation between peripheral
inflammation and depressive symptoms exposed earlier.
2. Materials and Methods
The study was approved by the Research Ethics Board of the Centre intégré universitaire de
santé et de services sociaux de la Capitale-Nationale (CIUSSS-CN, approbation #2017-199) on
August 21, 2017.
2.1 Participants
This study included 24 caucasian participants from both genders recruited through newspaper
ads and medical references from Quebec City’s (Quebec, Canada) physicians. Participants had to
be at least 55 years old and meet the core clinical MCI criteria of Albert et al. (2011). All
participants with MCI suffered at least a mild episodic memory impairment (with or without
impairment in other cognitive domains). Consent and information forms were signed by all
participants before the start of the study. The exclusion criteria were as follows: 1) history of
moderate or severe traumatic head injury; 2) history of stroke; 3) delirium in the last 6 months; 4)
history of encephalitis or bacterial meningitis; 5) history of psychotic symptoms or manic episode;
6) electroconvulsive therapy in the last 12 months; 7) history of intracranial surgery; 8) cancer
treatment in the last 12 months; 9) general anesthesia in the last 6 months, 10)
neurodegenerative disorders (except suspected prodromal manifestations of AD); 11) untreated
medical or metabolic conditions; 12) current major depressive disorder according to the diagnostic
criteria of the DMS-5 (APA, 2013); 13) current substance abuse; 14) uncorrected vision or hearing
problems; 15) recent experience with psychotherapy or cognitive restructuring that might impact
cognition; 16) significant experience with meditation or other contemplative approaches.
2.2 Screening Evaluation
Trained research assistants screened participants and collected pre- and post-test efficacy
measures. Potential candidates first underwent a screening evaluation at the CERVO Brain
Research Centre (Quebec, Canada). A personal history interview as well as clinical and
neuropsychological questionnaires and tests were administered to determine eligibility to the
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study. The presence of an objective cognitive impairment was verified based on local (when
available) normative data for standardized neuropsychological tests.
Clinical and neuropsychological batteries at screening evaluation. The Montreal Cognitive
Assessment (MoCA) [49, 50] provided an appreciation of global cognitive functioning whereas
subjective cognitive complaints were assessed with the Questionnaire de plainte cognitive
(Subjective Complaints Questionnaire) [51], which is a semi-structured interview to predict the
patient’s current ability in memory, orientation, language, activities and behavioural that relies on
« yes » or « no » answers. Verbal episodic memory was evaluated with the Test de rappel
libre/rappel indicé à 16 items (RL/RI-16 - 16-item Free and Cued Recall) [52, 53] and semantic
memory was assessed with the Pyramids and Palm Trees Test [54, 55]. Both visuoconstructive
abilities and visual episodic memory were assessed using the Rey-Osterrieth Complex Figure Test
[56-58]. Visuo-perception was evaluated with the size match subtest of the Birmingham Object
Recognition Battery [59], whereas the Coding subtest from the WAIS-III [60] served as a measure
of information processing speed. As for language, confrontation naming was assessed with the
15-item Boston Naming Test [61], and phonemic and semantic fluency, with T-N-P and Animal
fluency, respectively [62, 63]. The D-KEFS version of the Stroop [64] was chosen to evaluate
executive functioning. Under the assumption that circulating levels of cytokines covary with
cognitive [18] and psychological features [40], most tests were meant to establish group
equivalence at baseline on such variables. Furthermore, some of those tests were relevant to
confirm the diagnostic of MCI.
2.3 Interventions
The eligible participants were randomly assigned to one of the two study interventions. Each
intervention group was composed of 12 participants and interventions were held over a period of
8 weeks, with weekly sessions lasting 2.5 hours, including a 15 minutes break mid-session (see
Table 1).
Mindfulness-based intervention (MBI). The MBI was elaborated by Larouche, Chouinard, and
Goulet [65]. The program was based on Kabat-Zinn’s Mindfulness-Based Stress Reduction [29] and
other sources [66-70]. The MBI was adapted to the needs and limitations of older adults with the
help of recommendations from McBee [71] without compromising the essence and goals of
leading mindfulness programs (ex: Mindfulness-Based Stress Reduction and Mindfulness-Based
Cognitive Therapy). Adaptations included at-home meditative practices lasting 30 minutes rather
than the usually recommended 40-45 minutes, execution of all forms of meditations in a seated
position on a chair (with the exception of walking meditation), and simplified instructions with
concrete examples relevant to the life of an aging person. Further information on the adaptations
made to the standard MBI program can be found in Larouche, Chouinard, Morin-Alain, Hudon, &
Goulet [72]. Group sessions comprised one or two guided meditation practices, group discussions,
and psychoeducation about weekly mindfulness themes and stress management (see Table 1).
Starting on week one, meditation practices were gradually introduced, starting with the body
scan, mindful movements, meditation on senses (including mind sense), mindful walking, as well
as mountains and loving-kindness meditations. Participants were also instructed to practice
meditation at home for 30 minutes per day, six days a week, using vocal instructions on CDs,
written instructions, as well as short texts related to weekly themes. In order to ensure adherence
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or compliance to the intervention and to minimize attrition, participants were contacted by phone
each week. The program was administered by its three developers, who possess the necessary
credentials (available upon request).
Psychoeducation-based intervention (PBI). The PBI was developed by Parent, Larouche,
Chouinard, and Hudon [73]. Participants were given psychoeducational classes on cognitive aging,
each session being dedicated to a different topic (see Table 1). No reference was made to
mindfulness techniques and attitudes or to strategies to improve cognition. A visually supported
presentation was provided along with interactive activities consisting of group discussions, quizzes
and smaller group interactions. Each participant received a binder with the written content of
each session and room to take additional notes. The PBI was administered by Parent, who holds a
master’s degree in psychoeducation, and the first author of the present study.
2.4 Pre- and Post-Tests
At the pretest, one week before the beginning of the trial, blood samples were collected by a
licensed nurse whereas questionnaires and tests were administered. Given the influence of certain
nutrients [74] and circadian rhythm [75] on cytokine production, blood samples were collected
between 7:00 and 9:00 AM while participants were fasting. A breakfast was then offered before
collection of the remaining measures. One week after completion of their respective 8-week
intervention program, all participants took part in the post-test with the same efficacy measures
as the pretest.
Primary efficacy measures. Plasma concentrations of IL-6 and TNF-α were used to determine
the effects of MBI and PBI on circulating inflammatory activation. Blood samples were collected in
heparin tubes and centrifuged within the next 30 minutes for 15 minutes at 200g and 4 °C. The
plasma was then aliquoted and stored at -80 °C until subsequent analyses. Plasma concentrations
of IL-6 and TNF-α were analysed in triplicates using flow cytometry BD Biosciences Cytometric
Bead Array (CBA) Human Enhanced Sensitivity Kit (Catalog No. 561521; Becton, Dickinson and
Company; BD Biosciences, San Diego, CA, USA). A FACS Aria II cytometer and the FCAP Array
software were used to analyse the samples according to the manufacturer’s instructions (Becton,
Dickinson and Company; BD Biosciences, San Diego, CA, USA). The sensitivity of the assay for each
cytokine ranged from 274 to 200,000 fg/mL.
Secondary efficacy measure. Depression symptoms were determined with the full 30-item
Geriatric Depression Scale, which demonstrates good reliability and validity (GDS) [76] and has
been specifically validated with older adults with MCI [77]. A French version of the questionnaire
was used [78]. For each of the 30 items, participants indicated whether or not the statement
corresponded to how they felt in the last week. Of note, participants in this study did not meet
diagnostic criteria of major depression according to the Diagnostic and Statistical Manual of
Mental Disorders-IV, as evaluated with the Structured Interview for DSM disorders-I (SCID-1) [1,
79]. Depression symptoms, when present, were subclinical.
Moderator. Meditation practice at home was self-reported in a calendar. Participants noted the
time they devoted to daily meditation as well as the type of meditation they practiced. This served
to quantify adherence to the instructions and it allowed for assessment of the moderating effect
of total practice time on plasma cytokine concentrations.
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Table 1 Themes of MBI and PBI sessions.
MBI

PBI

Session 1

Autopilot vs. mindfulness

Normal vs. pathological cognitive
aging and myths on AD

Session 2

Handling obstacles and supporting
meditation practice efforts

Memory functions and normal
decline in aging

Session 3

Wandering mind

Dementia continuum and the
frequency of mood symptoms

Session 4

Acknowledging stress and its impact
of one’s life to better manage it

AD risk factors and the influence of
lifestyle habits on aging

Session 5

Reflecting on how one could live in
increased acceptance of one’s
situation

Medical follow-ups and discussions
with physicians about cognitive
concerns

Session 6

The role thoughts play in the
maintenance of distress and stress

Relationships
and
discussions
about cognitive decline with close
relatives

Session 7

How to take better care of oneself

Everyday living with cognitive
decline and coping with difficulties

Session 8

Sustaining a meditation practice
beyond the program

What to do next with all the new
knowledge participants acquired in
the program

Note.
AD:
Alzheimer
disease;
Psychoeducation-based intervention.

MBI:

Mindfulness-based

intervention;

PBI:

2.5 Statistical Analyses
Preliminary analyses. Data analyses were performed with the Statistical Package for the Social
Sciences (SPSS, version 20) with a significance level set at p <.05. Variables were tested for
normality of distribution, homogeneity of variance, and randomness of missing data distribution
with the Shapiro-Wilk’s, Levene’s, and Little’s Missing Completely at Random (MCAR) statistical
tests. Pre-intervention group equivalence on sociodemographic and clinical variables was verified
using Student’s t tests for independent samples on continuous variables (i.e., education, Montreal
Cognitive Assessment, and age) and a Chi-Square test for the nominal variable (i.e., sex). Since
data relative to levels of cytokines were not normally distributed, Mann-Whitney U tests were
used to achieve pre-intervention between group comparisons. Furthermore, Spearman
correlations were calculated between levels of cytokines and the sociodemographic and clinical
variables in order to add them as covariates in the subsequent mixed linear model, if necessary.
Efficacy analyses. A two factors (Intervention and Time) linear mixed model was carried out to
determine differences between the two interventions groups (MBI and PBI) at the two-time
repeated within group measures (pre- and post-intervention) for plasma levels of cytokines and
scores on the GDS. For exploratory purposes and given the higher risk of AD progression with
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higher plasma levels of the two cytokines analysed [13, 14], each intervention group was split in
two based on baseline median plasma levels (0.08 pg/mL for TNF-α and 1.25 pg/mL for IL-6) to
include this factor in the model. Cohen d’s were used as indicators of interaction effect sizes [80,
81] and partial eta squares (ηp²) were used as indicators of fixed factors’ effect sizes [82].
Spearman correlations were calculated between scores’ differences (deltas) for the two time
points on the GDS and for the plasma levels of cytokines to determine potential relationships
between cytokine changes and depression improvements resulting from the interventions.
Complementary analyses. To take into account the potential impact of meditation practice at
home on the levels of cytokines post-intervention, MBI participants were divided into two
subgroups according to the total amount of time dedicated to at-home meditation for the entire
program (MBI+: total time above the median of 1.103 minutes; MBI-: total time below the
median). As a comparative, the recommended time of at-home practice was equivalent to 1.440
minutes. These two groups were then compared for plasma levels of cytokines at pre- and
post-intervention in a two-factor linear mixed model. Cohen’s d and partial eta squares (ηp²) were
also calculated.
3. Results
3.1 Participants’ Characteristics
Of the 24 participants included, 23 (11 in MBI and 12 in PBI) attended at least one intervention
session and thus were included in the characteristic and correlation analysis for pre-intervention
data. Of these 23 participants, 21 (9 in MBI and 12 in PBI) attended at least five sessions which is
more than 50% of the total number of sessions and thus were included in the efficacy and
complementary analyses following an “as treated” protocol [83]. Characteristics of participants on
demographic and cognitive variables at pre-intervention are presented in Table 2, section A. Both
interventions groups were equivalent on all variables, except for the second free recall on the
verbal episodic memory test (RL/RI-16). Results for this second free recall on the RL/RI-16 were
thus correlated to the efficacy measures at pre-intervention, IL-6 plasma levels (rs [21] = -0.041, p
= 0.854), TNF-α plasma levels (rs [21] = -0.0231, p = 0.289) and scores on the GDS (rs [21] = 0.425, p
= 0.043). Only the latter was significant.
Table 2 Means (SD) and significance levels for all variables at pretest according to the
intervention group.
A) Sociodemographic and cognitive variables.
Variables

MBI (n=11)

PBI (n=12) T value

df

P

Sex

5m/6f

7m/5f

0.38 (χ2)

1

0.68a

Age

72 (5.37)

69 (6.23)

-1,10

21

0.28

Years of education

14 (4.06)

15 (2.16)

0.35

21

0.74

Sociodemographics

Global cognitive functioning and complaints
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Global cognitive functioning; MoCA
(/30)
Cognitive complaints; CCQ (/10)

24 (2.86)

25 (1.00)

-0.55

21

0.59

6 (2.83)

5 (2.86)

-0.61

21

0.55

Verbal episodic memory; 16 word free and cued recall
Free recall 1 (Z score)

-1.34 (0.84)

-0.64
(0.95)

1.87

21

0.08

Free recall 2 (Z score)

-1.69 (0.94)

-0.37
(1.00)

3.24

21

0.00*

Free recall 3 (Z score)

-1.47 (0.84)

-1.20
(0.69)

0.84

21

0.41

Delayed free recall (Z score)

-1.60 (1.15)

-1.17
(0.92)
-0.65
(2.02)

0.98

21

0.34

-1.42

21

0.17

100%

100%

-

-

-

-0.41 (0.85)

-0.55
(0.73)
-0.24
(1.02)

-0.41

21

0.69

0.14

21

0.87

-0.30
(0.88)
-0.19
(0.79)

-1.20

21

0.25

-1.47

21

0.16

-1.28
(1.18)
-0.54
(1.32)

-1.34

21

0.19

-0.55

21

0.59

-0.14
(1.33)
-0.39
(1.39)

0.37

21

0.72

-0.96

20

0.35

Visual episodic memory; Rey figure copy 0.47 (1.70)
task (immediate recall) (Z score)
Semantic memory; PPTT (% normal)
Verbal fluency
Lexical (T-N-P task) (Z score)
Semantic (Animal fluency) (Z score)

-0.30 (0.84)

Confrontation naming (BNT, 15 items)
Spontaneous (Z score)

0.10 (0.69)

Total (Z score)

0.25 (0.63)

Visuoperception and visuoconstruction
Construction (Rey Figure copy) (Z score)

-0.63 (1.16)

Perception (BORB circles) (Z score)

-0.28 (0.97)

Executive functions (D-KEFS Stroop)
Inhibition time (Z score)

-0.33 (1.20)

Switching time (Z score)

0.17 (1.30)

Inhibition errors (Z score)

-0.09 (1.00)

0.20
(0.69)

0.80

21

0.43

Switching errors (Z score)

-0.23 (1.09)

-0.36
(0.99)

-0.28

20

0.78
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Processing speed (Coding from WAIS-III) (Z
score)

0.18 (0.87)

-0.09
(0.77)

-0.78

21

0.45

IL-6

2.56 (2.48)

-

- 0.260 (U)b

TNF-α

0.11 (0.10)

2.92
(5.59)
0.06
(0.05)

-

- 0.295 (U)b

8 (3.59)

0.95

21

B) Primary and secondary efficacy measures.
Blood levels of cytokines (pg/mL)

Depressive symptoms
GDS (/30)

10 (6.72)

0.36

Note. Result for plasma levels are in picograms per milliliter (pg/mL). PBI:
Psychoeducation-based intervention, MBI: Mindfulness-based intervention; MoCA: Montreal
Cognitive Assessment; BORB: Birmingham Object Recognition Battery; CCQ: Cognitive
Complaint Questionnaire; D-KEFS: Delis-Kaplan Executive Function System; PPTT: Pyramids and
Palm Trees Test; BNT: Boston Naming Test; WAIS: Weschler Adult Intelligence Scale. GDS:
Geriatric Depression Scale; IL-6: Interleukin-6; TNF-α: Tumor Necrosis Factor Alpha; n: number
of participants; SD= Standard deviation; p = significance level; df = degrees of freedom; m =
males; f= females
a Significant level corresponding to Chi squared test
b Significant level corresponding to U Mann-Whitney test
*p <0.05

3.2 Preliminary Measures
Groups were equivalent at pre-intervention on primary and secondary efficacy measures (see
Table 2, section B). Furthermore, there were no significant correlations between levels of
cytokines at pre-intervention and the variables sex, age, education, and global cognitive
functioning (see Table 3). One outlier in the PBI group was removed given the pronounced
variation between post and pre-test levels (drop of 16.26 pg/mL), which differed from the rest of
the group (Z=-3.16). As for TNF-α levels, 17.4% of the samples failed to reach acceptable detection
range. After confirmation that these data were missing completely at random (χ2 = 0,00, p = 1,00),
they were replaced with generated data below the detection range using the maximum likelihood
model [84].
Table 3 Spearman correlations between demographic, clinical, and cognitive screening
characteristics and blood levels of cytokines (pg/mL) for all participants at
pre-intervention (N= 23).
Age
IL-6
TNF-α

Years of education

Sex

MoCA (/30)

GDS (/30)

-0,062

-0,133

-0.236

-0,137

-0.073

0,005

-0,069

-0,098

0,096

-0,299
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GDS: Geriatric Depression Scale; MoCA: Montreal Cognitive Assessment; IL-6: Interleukin-6;
TNF-α: Tumor Necrosis Factor alpha

3.3 Primary Efficacy Measures; Plasma Levels of Cytokines
TNF-α. There was no overall effect of MBI or PBI on plasma levels of TNF-α (see Figure 1).

Figure 1 Plasma levels (pg/mL) of TNF-α in MBI (n= 9) and PBI (n= 12) groups at preand post-test. Pre: pretest; Post: post-test; MBI: Mindfulness-based intervention; PBI:
Psychoeducation-based intervention; pg/mL: Picogram per milliliter.
The Time (p = 0.890, ηp² =0.00) and Intervention (p = 0.204, ηp² = 0.083) factors as well as the Time
x Intervention interaction (p = 0.127, d = 0.036) were not significant. However, when each of the
intervention group was divided according to baseline levels of TNF-α, visual inspection of Figure 2
suggested that MBI participants with higher initial levels of TNF-α had reduced levels of this
cytokine after the intervention. The use of a three-factor linear mixed model confirmed that the
Time, Intervention, and Initial plasma level interaction was not statistically significant (p = 0.252)
but was coupled with a moderate effect size (d = 0.622). Pairwise comparisons showed that
plasma TNF-α levels did not significantly change between the two time measures for the MBI-low
initial level group (p = 0.330), the PBI-low initial level group (p = 0.168), or the PBI-High initial level
group (p = 0.682) and that a non-significant trend for the cytokine to decrease in the MBI-High
initial level group was observed (MBI-High; p = 0.068). This tendency was coupled with a moderate
effect size (d = 0.500) as compared to the MBI group as a whole (d = 0.195).
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Figure 2 Plasma levels (pg/mL) of TNF-α in MBI (n = 9, high = 5, low = 4) and PBI (n = 12,
high = 4, low = 8) groups at pre- and post-test
according to initial levels. Pre:
pretest; Post: post-test; MBI-High: Mindfulness-based intervention, high initial plasma
level; MBI-Low: Mindfulness-based intervention, low initial plasma level; PBI-High:
Psychoeducation-based intervention, high initial plasma level; PBI-Low:
Psychoeducation-based intervention, low initial level pg/mL: Picogram per milliliter.
IL-6. Visually, IL-6 plasma levels seemed to increase in the MBI group following the intervention,
whereas levels in the PBI group did not appear to differ from the pretest to post-test (see Figure
3).
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Figure 3 Plasma levels (pg/mL) of IL-6 in MBI (n = 9) and PBI (n = 11) groups at pre- and
post-test. Pre: pretest; Post: post-test; MBI: Mindfulness-based intervention; PBI:
Psychoeducation-based intervention; pg/mL: Picogram per milliliter.
The factors Time (p = 0.110, ηp² = 0.135) and Intervention (p = 0.157, ηp²= 0.108) were not
significant. Likewise, the Time x Intervention interaction was not significant (p=0.128) but was
associated with a moderate effect size (d=0.54). Pairwise comparisons revealed a significant
increase of plasma IL-6 levels from pretest to post-test in the MBI group (p = 0.04), with no
significant cytokine variation in the PBI group (p = 0.952). The split of participants according to
plasma IL-6 levels at pre-intervention did not yield a significant Time, Intervention, and Initial
plasma level interaction (p = 0.884, d = 0.351) (see Figure 4). No particular tendency worthy of
further analyses was observed on the basis of this categorization.

Figure 4 Plasma levels (pg/mL) of IL-6 in MBI (n = 8, high = 5, low = 3) and PBI (n = 10,
high = 4, low = 6) groups at pre- and post-test according to initial levels. Pre: pretest;
Post: post-test; MBI-High: Mindfulness-based intervention, high initial plasma level;
MBI-Low: Mindfulness-based intervention, low initial plasma level; PBI-High:
Psychoeducation-based intervention, high initial plasma level; PBI-Low:
Psychoeducation-based intervention, low initial level pg/mL: Picogram per milliliter.
3.4 Secondary Efficacy Measures; Depressive Symptoms
Following each intervention, GDS scores decreased on average by about two points. The mean
score in the MBI group went from 11.3 ± 1.7 to 9.8 ± 2.1 and from 7.8 ± 1.5 to 5.1 ± 1.8 in the PBI
group. However, the Time (p = 0.09, ηp² = 0.144) and Intervention (p = 0.548, ηp² = 0.150) factors
were not statistically significant, and no Time x Intervention interaction was found (p = 0.626, d =
0.224). GDS scores were not correlated with either IL-6 (rs [21] = -0.073, p= 0.741) or TNF-α (rs [21]
= -0.299, p = 0.165) levels at pre-intervention. No significant correlations were obtained between
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GDS score differences (deltas) at the two measure points and the levels of IL-6 (rs [18] = 0.130, p =
0.586) and TNF-α (rs [19] = -0.138, p = 0.550).
3.5 Complementary Measures; Amount of Meditation Practice
Effect on TNF-α levels. No significant effect of meditation practice on TNF-α was observed in
MBI participants, although a non-significant trend towards a decrease in TNF-α levels at
post-intervention was observed in participants with a higher meditative practice (d= 0.405), with
no effect noted for participants who practiced less (d= 0.066) (see Figure 5). The effect of Time
alone on TNF-α levels was not significant (p = 0.425, ηp² = 0.101) and no significant Time by
Amount of meditation practice interaction was observed (p = 0.280), but the effect size was
moderate (d= -0.471).

Figure 5 Plasma levels of TNF-α at pre and post-test for MBI participants according to
amount of meditation practice. MBI +: Above median meditation practice subgroup
(n= 4); MBI-: Below median meditation practice subgroup (n= 4).
Effect on IL-6 levels. A non-significant trend towards an increase in IL-6 levels post-MBI was
more marked for participants who devoted more time to meditation practice relative to those
who meditated below the median. Indeed, IL-6 concentrations of individuals with a higher
meditation practice increased by 1.710 pg/mL ± 0.880, d= 0.631, whereas IL-6 concentrations of
individuals with a lower meditation practice increased by 0.784 pg/mL ± 0.880, d= 0.377. The
factor Time was not significant (p = 0.206, ηp² = 0.251). The Time x Meditation practice interaction
was not significant either (p= 0.618), and the effect size was low to moderate (d = 0.254).
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4. Discussion
The primary objective of this study was to examine the effects of MBI on circulating levels of
pro-inflammatory cytokines of MCI participants, with a particular focus on plasma levels of TNF-α
and IL-6. As a secondary objective, the study aimed at investigating the possible associations
between variations in cytokine levels and depressive symptomatology in the MBI group, which
could have been suggestive of inflammatory-driven mechanisms leading to mood improvements
in these participants.
Although no robust effects of the study interventions on plasma levels of pro-inflammatory
cytokines were observed, some observations appeared to be in line with a priori hypotheses and
previous literature. In particular, TNF-α levels tended to decrease post-MBI but only in participants
who had higher levels of the cytokine before the intervention, suggesting that mindfulness
interventions could be more impactful in individuals with higher baseline inflammatory states. This
was specific to MBI since PBI participants did not show such a tendency. Interestingly, TNF-α levels
also tended to decrease in those participants who practice more meditation at home, an aspect
that future studies should investigate. This inclination towards a decrease in TNF-α for the MBI
group is consistent with previous findings. Mindfulness interventions have been associated with
decreased circulating levels of TNF-α, an effect that was generalised across study designs
(population of interest, type of mindfulness practice, study protocol, etc.) [30]. In line with the
view that mindfulness effect could be dependent on the initial inflammatory state of the body,
antidepressant effects of infliximab, a TNF-α antagonist drug, were only observed in participants
with higher initial level of TNF-α [85]. Alternatively, in this study, the trend towards decrease of
TNF-α levels following MBI could be due to the fact that several MCI participants were actually in
the prodromal phase of AD. Indeed, as mentioned earlier, higher circulating levels of TNF-α, as
compared to healthy controls, were associated with a higher risk of progression from MCI to AD
[86]. Some authors listed TNF-α amongst the most predictive biomarkers of AD [87]. Longitudinal
studies will be necessary to explore the hypothesis of a decrease in TNF-α specific to MCI
individuals having higher initial levels of this cytokine, and thus being at higher risk of developing
AD.
In contrast with our initial hypotheses, a trend towards heightened plasma IL-6 was observed
post-MBI, which appeared to be more pronounced in participants who devoted a higher amount
of meditation practice at home. Unlike TNF-α that displays consistent patterns following
mindfulness interventions, literature reviews and meta-analysis did not report overall decreases or
increases for IL-6 following mindfulness interventions, which could be due to this cytokine’s
sensitivity to variations in clinical trial characteristics (study protocol, population studied, etc.).
Nevertheless, some studies did report a rise of IL-6 following mindfulness interventions in
populations such as breast cancer patients [88] and healthy adults [89], and this rise was
considered beneficial. In the context of AD, however, the overall assumption regarding peripheral
levels of IL-6 is that of a gradual augmentation with the progression of the disease [13, 90]. The
specific role of IL-6 in AD has yet to be determined, but it has been suggested that its secretion
could contribute to a damageable pro-inflammatory response involved in AD pathogenesis [11]. In
this frameset, an intervention that increases levels of IL-6 in MCI participants could thus be
considered detrimental. However, the evolution of IL-6 in AD could be more complex and sensitive
to the progression of the disease over time. A multicentre study carried out by Cao and
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collaborators [91] revealed lower plasma levels for this cytokine in MCI participants who later
progressed to MA within two to four years compared to participants who remained stable,
suggesting that a failure of the immune system to generate an appropriate response at a crucial
time could promote the installation of AD pathology. In line with this view, the longitudinal
PREVENT-AD study reported the decrease of six cerebrospinal fluid inflammatory markers with the
first signs of Aβ and Tau pathology, followed by a strong sustainable increase [92], adding support
to the hypothesis of an impaired inflammatory response in the early stages of AD favouring the
evolution of the pathology. Similarly, an inverse association between chronically raised C reactive
protein (a pro-inflammatory mediator) and cerebral amyloid beta (Aβ) has been reported in
non-demented elderly individuals reporting subjective memory complaints [93], suggesting that
certain inflammatory processes could be beneficial at early stages of AD as the immune system
attempts to combat Aβ pathology. According to this hypothesis, a strong immune response might
be necessary for defending the brain and body against the formation of Aβ plaques and other
pathophysiological processes in the early stages of AD. Therefore, the trend towards an increment
in IL-6 following MBI observed in this study, although nonsignificant could indicate a useful
pro-inflammatory response since its timing is opportune (MCI stage), a hypothesis that should be
addressed in longitudinal studies.
Contrary to our hypothesis, plasma cytokine changes in the MBI group, although non-significant,
were not associated with variations in depressive symptomatology. Depressive symptomatology is
dependent on a plethora of environmental factors. There is a lot of heterogeneity between
participants in this regard. In our understanding, an elevated level of circulating cytokines is not
causative of the depressive symptomatology but covary with it and contributes in the
perpetuation of those symptoms. A larger study is necessary to explore this association. With
authors reporting an association between stress reduction and inflammation variations following a
compassion meditation practice [94], this possible association was also briefly investigated in this
study. Indeed, this project being embedded in a larger one, we were able to conduct exploratory
analysis with perceived anxiety symptoms of participants using the GAI (Geriatric Anxiety
Inventory). For methodology on this matter see Chouinard, Larouche, Audet, Hudon, & Goulet [95].
No significant association was found between the GAI scores and IL-6 (rs [21] = -0.089, p= 0.685) or
TNF-α (rs [21] = -0.262, p= 0.227) levels at pretest. Also, no significant correlations were found
between score differences at the two measure points of the GAI and the levels of IL-6 (rs [18] =
-0.067, p= 0.780) and TNF-α (rs [19] = -0.074, p= 0.750). This absence of associations between
variations of psychological and cytokine measures might indicate that the effect of mindfulness on
both of these outcomes does not stem from a common action mechanism, but rather from
independent ones. It is also possible that the variation on depressive symptoms was not important
enough to correlate with other pre-post variations in cytokine plasma levels. Participants had mild
depressive symptoms [96] on average pre-intervention. Although there was a decrease towards a
normal range of symptoms post-intervention in both groups, the decrease was not statistically
significant. Perhaps a more severe depressive symptomatology at baseline would have been more
favorable statistically, but this is not what the present sampling method yielded. As well, groups
differed on the second free recall of the RL/RI-16, which positively correlated to GDS scores. This
could have exerted an influence on the results, although this positive correlation is surprising
given that depressive symptoms usually have a negative influence on memory performances,
especially in the elderly [97]. One other explanation could be that the initial levels of TNF-α were
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not high enough to observe a diminution in depressive symptomatology, as was observed in the
infliximab trial by Raison and collaborators [85]. Further studies are necessary to test these
hypotheses, with a larger sample size to conduct moderation analysis, a more robust design to
investigate the complex relations between physiological and psychological measures.
This study has limitations. First, due to its exploratory nature, the number of participants was
limited. Nevertheless, the tendencies observed, although they did not reach significance, could
guide future research on the physiological effects of mindfulness interventions. Second, the loss of
TNF-α data calls for caution regarding the interpretations of the variation of this cytokine following
the MBI and PBI. Although the present results are interpreted in light of an active control group
with participants having similar neuropsychological, clinical, demographic, and physiological
profiles at pre-intervention, thus controlling for a number of confounding variables, further
studies must be conducted to confirm the tendencies observed. Nevertheless, the use of the PBI
group has permitted the distinction of tendencies specific to the MBI, such as the trends towards
IL-6 elevations and TNF-α reductions that were only observed for this intervention. Furthermore,
there are possible meditation practice effects associated with both cytokines, which could further
reinforce the notion of a MBI-specific effect on inflammation profiles in participants with MCI.
5. Conclusions
To our knowledge, this is the first study to investigate the effects of a MBI compared to an
active control condition on the circulating inflammatory levels of pro-inflammatory cytokines in
participants with MCI. These preliminary findings suggest tendencies for plasma levels of IL-6 and
TNF-α that were specific to MBI. This is of importance since both cytokines have known
implications in the pathophysiology of AD. Therefore, interventions that could modify the
peripheral inflammation profile of people at risk for AD could potentially limit or alter the
progression of the disease. MBIs show promise since they are easily implemented, affordable, and
may have beneficial physiological effects on modifiable risk factors of AD.
This exploratory study opens the way to further investigations regarding this preventive
strategy. Future studies might want to include a more sensitive detection kit and a larger sample
of participants in order to replicate these results with more certainty. Furthermore, additional
participants would allow for moderation analysis, which would permit further investigation of the
action mechanism behind MBIs. Finally, given the interesting variations on cytokine levels with the
progression of AD, a longitudinal study could be interesting to assess the long-term effects of MBIs
on inflammatory markers of elderly with MCI, especially in relation to the evolution of their
condition.
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Abstract
There is increasing evidence demonstrating that hypnosis could be effective in the
down-modulation of pain sensation in both acute and chronic pain states. In the
neurophysiological context, recent evidence has deciphered, to a certain extent, the mystery
of pain relief upon hypnosis. It is probable that hypnotic suggestions of analgesia are able to
modulate pain processing at multiple levels and sites within the central nervous system
(CNS). At the peripheral level, hypnosis may modulate the nociceptive input through the
down-regulation of the stimulation of A delta and C fibers and reduction of sympathetic
arousal. At the spinal level, sensory analgesia occurring during hypnosis has been
demonstrated to be linearly associated with the reduction in the nociceptive flexion (RIII)
reflex, a polysynaptic spinal reflex. At the supraspinal cortical level, neuro-imaging and
electrophysiological studies have demonstrated that hypnotic suggestions of analgesia could
directly modulate both sensory and affective dimensions of pain perception, and the
affective dimensions exhibit more significant reduction compared to the sensory ones.
Moreover, highly hypnotizable subjects possess stronger attentional filtering abilities in
comparison to the low hypnotizable subjects; this greater cognitive flexibility of the former
might result in better focusing and diverting the attention from the nociceptive stimulus as
well as in better ignoring of the irrelevant stimuli in the environment. Cognitive control
© 2020 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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processes are associated with a “supervisory attentional system” which involves
fronto-temporal limbic cortices.
Multiple hierarchical pain control systems functioning during hypnotic suggestions of
analgesia, demonstrating specific patterns of peripheral and central activation associated
with the hypnotic state and with the processing of hypnotic suggestions, provide a novel
description of the neurobiological basis of hypnotic analgesia.
Keywords
Hypnosis; hypnotic analgesia; mechanisms; review

1. Acute and Chronic Pain: Definition and Magnitude of the Problem
Pain is defined as “an unpleasant sensory and emotional experience associated with actual or
potential tissue damage, or described in terms of such damage” by the International Association
for the Study of Pain [1].
Pain is the most common reason for physician consultation in most of the developed countries
[2]. It is a major symptom in several medical conditions, and may interfere with the quality of
life and general functioning of a person [3].
Pain that persist for a long duration is referred to as “chronic” or persistent pain, while the pain
that resolves within a short period of time is referred to as “acute”. Chronic pain is defined as the
pain that persists or recurs for greater than three months or beyond the expected period of
healing [4].
Pain is the main reason for visits to an emergency department in greater than 50% of the cases
[5]. In 30% of family practice visits, the presence of pain is there [6]. Epidemiological studies have
reported that 10.1%–55.2% of the people in various countries experience chronic pain [7].
According to a global-level epidemiology report by Tsang et al. [8], there was a 37.3%
age-standardized prevalence of chronic pain conditions in the previous 12 months in developed
countries, 41.1% in developing countries, and an overall prevalence of 38.4% globally.
1.1 Pathogenetic Pain Phenotypes
Pain may be broadly categorized into nociceptive pain and neuropathic pain. Nociceptive pain is
caused by the stimulation of sensory nerve fibers that respond to the stimuli approaching or
exceeding the harmful intensity (nociceptors). Nociceptive pain may be classified on the basis of
the mode of noxious stimulation (e.g., inflammatory or cancer pain).
Neuropathic pain, on the other hand, is caused by damage or disease affecting any part of
the nervous system involved with bodily feelings (the somatosensory system) [9]. Neuropathic pain
may be experienced in CNS disorders (such as spinal cord injuries, multiple sclerosis, and certain
strokes) or peripheral neuropathies (such as herpes zoster and diabetic neuropathy). It is also
common in cancer, as a direct consequence of cancer on peripheral nerves (e.g., compression by a
tumor) or as a side effect of chemotherapy (chemotherapy-induced peripheral
neuropathy), radiation injury, or surgery [10].
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1.2 Economic Burden of Pain
In addition to worsening the quality of life of those who experience it, pain also presents an
economic burden, both for the suffering individuals and the health care systems.
Individual costs comprise direct costs (e.g., medical care payments) and indirect costs (e.g.,
paying for the activities these people are no longer able to perform). Among the indirect costs, loss
in work productivity constitutes the majority of the overall costs associated with pain [11].
Furthermore, in several countries, the workforce is in the continuous process of aging, which could
lead to a major economic impact when these individuals would require early retirement owing to
their painful health conditions.
1.3 Access to Treatment for Pain Relief as a Human Right
According to the international human rights law, countries are required to provide pain
treatment medications as a part of their core obligations under the right to health. Despite the
importance and magnitude of the problem and the existence of several inexpensive and effective
pain relief treatments, inadequate treatment of pain, particularly that of chronic pain, is
widespread [12]. Tens of millions of people worldwide continue to suffer from moderate to severe
pain each year, without relief. Failure to undertake reasonable steps for ensuring that the people
who suffer from pain have access to adequate pain treatment may represent a violation of the
obligation to protect against cruel, inhuman, and degrading treatment.
The International Association for the Study of Pain [13] advocates that receiving pain relief
should be recognized as a human right, chronic pain should be considered a disease in its own
right, and pain medicine should receive the full status of a specialty.
1.4 Addressing Pain beyond Medications
Primarily, chronic pain is not a biomedical problem, and is, therefore, not easily resolved using a
single simple biomedical treatment approach. Instead, chronic pain is a biopsychosocial problem
that requires the consideration of and treatments that address the several biological,
psychological, and social factors that may contribute to its severity and the impact caused by it
[14].
Owing to their limited efficacy, simple pain medications are useful only in 20%–70% of the cases
[15]. Moreover, there are frequent significant side effects of medications, such as the recent opioid
epidemic in USA [16], which is the most common reason for people shifting to the use
of complementary and alternative medicine [17].
The experience of pain may be dramatically influenced by cognitive modulation [18].
Among all the cognitive interventions for pain modulation, hypnosis may be the most effective
in clinical and experimental pain [19-21]. A few studies have addressed the important issue of the
long-term effects of hypnotic analgesia. There is a consensus among outcome studies which
suggests that analgesic effects of hypnosis are long-lasting and are maintained over time [22-26].
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2. What is Hypnosis?
The term “hypnosis” refers to a state of consciousness that involves focused attention and
reduced peripheral awareness, which is characterized by an enhanced capacity for response to
suggestion [27]. This term also refers to the procedure through which the afore-stated state is
induced. It is possible to modify physiological, cognitive, and affective processes, as well as
behavior, during a hypnotic trance. Hypnotic state and hypnotic phenomena may be induced by
another person (therapist) or by oneself (self-hypnosis). The subjective experience of hypnosis is
characterized by focused attention, absorption capacity, a high degree of authenticity (experienced
as real), involuntariness (“it happens by itself”), and cognitive/perceptual flexibility [28, 29].
Hypnosis has been an elusive concept for science for a long time due to the lack of objective
neurobiological markers for the state of trance. However, persistent advances in the field of
neuroscience in the last few decades (largely because of the introduction and refinement of
sophisticated electrophysiological and neuro-imaging techniques) have opened up a ‘bridge of
knowledge’ connecting the classical neurophysiological studies with the psychophysiological
studies of cognitive, emotional, and sensory systems [28, 30]. These neuroscience studies have
provided novel insights into the neural basis of hypnotic experience. Furthermore, an ambitious
area of research focusing on mapping the core processes of psychotherapy and their underlying
neurobiology has emerged recently. Research related to hypnosis has offered powerful techniques
for the isolation of psychological processes in ways that allow their neural bases to be mapped.
The Hypnotic Brain [31] could serve as a tool to approach the neurocognitive questions, and the
cognitive assays may, in turn, provide insight into the neural bases of hypnosis. This cross-talk shall
enhance related research and clinical applications.
While the recent advances in neuroscience have undoubtedly contributed to unraveling the
nature of hypnotic reality [29, 32], i.e., its neuro-cognitive structure, hypnosis is also being
increasingly recognized by the international scientific community as a valid and flexible
physiological tool for the exploration of the central and peripheral nervous systems. This might be
a real Copernican revolution in this field [28].
3. Neural Correlates of Hypnosis
Current research on hypnosis comprises two major areas [31]: (a) intrinsic research, i.e., the line
of research concerned with the functional anatomy of hypnosis per se, in the absence of specific
suggestions referred to as ‘neutral hypnosis’ or ‘default hypnosis’, and on the neurophysiological
mechanisms underlying the hypnotic experience in dynamic conditions, and (b) instrumental
research (or extrinsic studies), which involves the use of hypnosis and suggestion for studying a
wide range of cognitive and emotional processes, as well as for creating ‘virtual analogs’ of
neurological and psychopathological conditions, to elucidate their basis, and eventually positively
alter the manner in which they are treated.
An array of novel electrophysiological and neuro-imaging techniques has contributed to the
significant advances in the knowledge regarding hypnotic phenomena, including functional
neuro-anatomy of neutral hypnosis. These techniques include electrophysiological studies (e.g.,
bispectral analysis), neuroimaging (e.g., single-photon emission computed tomography (SPECT),
functional magnetic resonance imaging (fMRI), and positron emission tomography (PET)),
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advanced neuro-imaging (e.g., real-time fMRI and brain–computer interface), and neurofeedback
[31].
EEG studies. Hypnotic states and hypnotic responding (including hypnotic analgesia) are
frequently accompanied by an increase in the theta band power and changes in the gamma
activity [14, 33]. These oscillations are thought to play a critical role in both recording and recall of
declarative memory and emotional limbic circuits and are possibly the mechanistic link between
theta (and perhaps gamma) oscillations and hypnosis. Theta oscillations, which are concomitant
with the changes in gamma activity, may underlie and facilitate certain hypnotic responses. These
findings appear to have important implications for understanding the effects of hypnosis as well as
for enhancing the response to hypnotic treatments [33].
In addition to its contribution to validating and defining the state of trance, neuroscience has
enabled differentiation between the altered states of consciousness and the ordinary states of
consciousness. Bispectral electro-encephalographic analysis, a sophisticated and complex version
of spectral analysis, has proved to be effective in differentiating between the subjects that are
awake and the ones that are in trance, based on the bispectral (BIS) index [28].
Neuro-imaging studies. Several studies involving neuro-imaging (fMRI and PET) [28, 34-39] have
contributed to creating a map of Regions of Interest (ROI) in the brain during ‘neutral’ or ‘default’
hypnosis (i.e., hypnosis in the absence of any specific suggestion), including the occipital cortex
(the part of the brain involved in visualization processing, which is crucial for the induction and the
experience of hypnosis), thalamus, anterior cingulate cortex (ACC), inferior parietal cortex,
precuneus (part of the brain that normally mediates imagery and self-awareness) [36], and
dorsolateral prefrontal cortex. Perhaps, soon the researchers would be able to sketch a
‘Neurosignature’ (functional neuro-anatomy) of hypnosis. Furthermore, findings of certain
neuro-imaging studies suggest a potential anatomical (morphological and volumetric) basis for
hypnotizability, linking variations in the rostrum of the corpus callosum to differences in the
attentional and inhibitory processes [40].
4. Mechanisms underlying Hypnotic Analgesia
Hypnotic analgesia represents a significant paradigm of the manner in which neurophysiological
and neuropsychological research has contributed decisively to a better understanding of the
mechanisms underlying the multidimensional pain control in trance. Given the complex
multidimensional nature of the pain experience, it is probable that hypnotic analgesia involves
multiple mechanisms for pain modulation.
There is strong evidence suggesting a broader conceptual scheme, postulating that dynamically
distributed processing in large-scale networks, possibly operating in parallel, might be integrating
and causing modulation at different neural levels and sites of the pain experience.
The combination of all evidence suggests that the concurrent activation of this network of
central and peripheral neural structures might constitute the “neurosignature” of the hypnotic
pain modulation.
The research on the neurophysiological mechanisms underlying hypnotic analgesia has focused
mainly on the peripheral and spinal mechanisms of nociception. However, the activation of these
mechanisms is neither necessary nor sufficient to produce the perception of pain [41]. Pain is
perceived when complex integrated cortical and subcortical (supraspinal) systems are engaged,
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with or without the presence of nociception, and it is possible to relieve the pain by disengaging
or interrupting these systems. As a consequence, the main mechanism underlying pain relief by
means of hypnosis is a top–down rather than a bottom–up mechanism [34].
Although a number of supraspinal sites have been reported to be involved in the perception of
pain, the most consistent areas identified across different imaging studies are the thalamus, the
primary and the secondary somatosensory cortex (S1 and S2), the anterior cingulate cortex, the
insula, and the prefrontal cortex [41, 42].
4.1 Supraspinal Mechanisms
EEG–ERP Studies. Evidence that the differences in attention levels may account for hypnotic
depth and individual differences in hypnotizability has been provided with traditional EEG
rhythms, event-related potentials, and 40 Hz and gamma EEG activity [18, 28, 33]. The alteration
in stimulus perception may be a secondary effect with respect to the allocation of attentional
resources.
There is increasing research demonstrating that the magnitudes of different brain oscillation
patterns are associated with the response to hypnotic inductions and suggestions [33]. It has also
been demonstrated that hypnosis is associated more with theta oscillations, while hypnotic
responding has been demonstrated to be associated with changes in the patterns of gamma
oscillations (with potential increases, decreases, or changes in the timing of gamma oscillations),
depending on several factors including the suggestions provided [33].
Laser-evoked potential (LEP) experiments have demonstrated that hypnosis may significantly
reduce pain and the LEP N2-P2 complex amplitudes compared to the control condition [43]. These
findings corroborate the hypothesis that hypnosis inhibits afferent nociceptive transmission; the
physiological mechanism underlying hypnosis may involve the influence of sub-cortical gating
processes on the cortical activation, which underlies the decreased subjective pain perception and
the LEP modulation reported by the subjects under hypnosis.
Valentini and co-workers [44] studied whether the hypnotic suggestion of sensory and affective
hypoalgesia (down condition) or hyperalgesia (up condition) could differentially influence the
subjective ratings of laser-induced pain and nociceptive-related brain activity in high and low
hypnotically-suggestible individuals. The authors observed a significant hypnotic modulation of
pain intensity and unpleasantness in the highly suggestible patients and P2 modulation in the up
and down conditions, suggesting a top-down modulatory effect on both evoked and induced
cortical brain responses induced by selective nociceptive laser inputs. These studies provided
evidence in favor of higher efficacy of hypnotic analgesia in highly hypnotizable subjects in
experimental pain, indicating that the “high hypnotizables” might possess an enhanced ability for
focused attention (or dis-attention) to information and activity controlled by what is referred to as
the pain matrix cerebral areas. The reduction in the N2-P2 complex upon hypnotic induction might
have been a result of modulation of pain matrix activity, particularly that of the ACC (the brain
area that plays a primary role in generating the vertex complex).
Taken together, these studies suggest that clinical hypnosis could play a key role in maximizing
both behavioral and neurophysiological responses, as hypnosis is a cognitive phenomenon that
affects central nociceptive processing. Furthermore, these studies are supportive of greater
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cognitive flexibility (i.e., the subjective capacity to shift from one “state” to another) of the high
hypnotizables compared to the low hypnotizables [28].
Neuro-imaging studies. Neuro-imaging techniques have contributed in a decisive manner to
reveal the putative mechanisms of cognitive modulation of pain, including hypnotic analgesia. In a
pioneer study using SPECT, De Benedittis & Longostrevi [45] observed a significant decrease in
regional cerebral blood flow (rCBF) in the primary sensorimotor cortex (S1) during suggestions of
hypnotic analgesia only in the highly hypnotizable subjects, which was possibly associated with
selective neural inhibition.
The turning point in the field of neuro-imaging studies on hypnotic analgesia is represented by
the pivotal studies conducted using PET by a Canadian team led by Pierre Rainville. The first one
among these studies [46] demonstrated that hypnotic manipulation of the degree of negative
affective resonance (unpleasantness) elicited by a nociceptive stimulation in a group of volunteers
concomitantly induced corresponding changes in the activities of the brain structures (such as
increased/reduced activation of the Anterior Cingulate Cortex, ACC) involved in the coding of
motivational-affective component of pain. No change was observed in the activity of the primary
sensorimotor cortex (S1), which is involved in the processing of sensory-discriminative component
of the nociceptive stimulus. The extraordinary selectivity of hypnotic suggestion to differentially
manipulate the two main components of the painful experience was documented in a pioneer
study, which reported a marked linear correlation between the intensity of negative affective
resonance, as suggested in the hypnosis, and the level of ACC activation. The study was followed
by other research works by the same group as well as by Belgian researchers [38, 47], which
corroborated and extended the results of the afore-stated study, suggesting that the ability of
hypnosis to differentially modulate the different aspects of pain perception is not rigid, structural,
and unidirectional, and rather dynamic and dependent on the structure and formulation of the
hypnotic suggestions.
Brain imaging studies have also revealed increased activity in several regions of prefrontal
cortices and the brain stem during hypnotic analgesia [38, 48]. Furthermore, increased
connectivity between the ACC and the mesencephalon was observed in the peri-aqueductal grey
(PAG) region [49]. This activation was consistent with the putative activation of the descending
pathways involved in pain regulation.
In an fMRI study, painful stimulation in the normal alert state resulted in cerebral activation in a
network encompassing cortical and subcortical areas of the brain (i.e., the ACC, premotor,
dorsolateral, prefrontal, primary somatosensory and bilateral insular cortices, thalamus, bilateral
striatum and brainstem, and the what is referred to as the Pain Matrix), while the same stimuli
perceived under hypnosis failed to elicit any cerebral activation [30].
A review of functional neuro-imaging studies on pain perception during hypnosis [35, 50]
indicated that hypnosis-induced modifications in pain perception are associated with functional
changes in several ROIs, including the cingulate (mainly ACC) as well as the prefrontal, insular, and
pregenual cortices, the thalamus, and the striatum. The ACC appears to be the key target in the
process of reducing pain perception, regardless of the nociceptive stimulus applied, emphasizing
the critical role of ACC in hypnosis-induced modification in the sensory, affective, behavioral, and
cognitive aspects of nociception.
According to the theories of hypnosis, one characteristic of the hypnotic procedures is the
inhibition of afferent nociceptive transmission. This inhibition may be explained by the dramatic
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decrease observed in the activity within the thalamus under hypnosis [49]. The thalamus has also
been demonstrated to correlate with the pain perception threshold, while the activation of the
midline area (i.e., the posterior cingulate cortex) correlates with the intensity of stimulation and
ACC with the unpleasantness of the stimulation [30].
It is becoming increasingly clear that hypnosis is able to effectively modulate not just the
motivational-affective component of pain, rather also the sensory-discriminative one (which is
further directly linked to the intensity of the nociceptive stimulation), although to a lesser extent.
These findings confirm the great cognitive-perceptual flexibility mediated by trance, and would
certainly exert a significant impact in the clinical context. The hypnotic modulation in pain
intensity causes changes in pain-related activity mainly in the primary somatosensory cortex (S1),
while the modulation of pain unpleasantness induces changes mainly in the anterior cingulate
cortex (ACC), with the anterior (mid) cingulate cortex possibly modulating both sensory and
affective components of pain [38, 51].
4.2 Spinal Mechanisms
Hypnotic analgesia may also be dependent on the activation of the descending inhibitory
systems that specifically modulate the spinal transmission of the nociceptive input [52]. The
involvement of these systems during hypnotic suggestions of analgesia was demonstrated in a few
electrophysiological studies that reported that hypnosis leading to a significant reduction in the
amplitude of the nociceptive flexion reflex (R-III), which is believed to be linearly correlated to the
intensity of perceived pain [53, 54], and the effect was proportional to the extent of hypnotic
suggestibility. There is limited knowledge regarding the details of these mechanisms, with the
exception of the modification in synaptic transmission in spinal reflex pathways by descending
signals from the brain, which is thought to be an important factor [18, 41, 55].
4.3 Autonomic and Peripheral Mechanisms
There is increasing evidence that in addition to spinal and supraspinal mechanisms, hypnosis
also modulates the activity of the autonomic nervous system (ANS) and possibly the peripheral
nervous system (PNS) as well. The sympatho-vagal interaction of the ANS during trance was
investigated for the first time by De Benedittis et al. [56] through the spectral analysis of the heart
rate variability signal (RR interval). The authors demonstrated that hypnosis modulates the RR
interval by shifting the balance of the sympatho-vagal interaction toward an increased
parasympathetic output, concomitant with a reduction in the sympathetic tone. The effect
correlated positively with hypnotic susceptibility.
It has also been demonstrated [57] that the heat pain threshold assessed with thermal stimuli
is significantly elevated during hypnosis, suggesting that hypnosis may down-regulate the
neuronal inflow from the stimulation of A delta and C fibres. A recent study [58] assessed whether
a focal glove hypnotic hand anesthesia could induce thermal changes within the area of hypnotic
protection. There was a statistically significant difference in the temperature variation induced by
the analgesic glove within the hand, wrist, and distal forearm on the glove side, compared to the
proximal forearm and control side. Hypnotic glove analgesia provided significant changes in skin
temperature within the protected areas.
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In summary, the current evidence strongly supports the existence of multiple hierarchical
pain-control systems during hypnotic suggestions of analgesia at different levels and sites within
the nervous system [18, 23]. At the peripheral level, hypnosis may modulate the nociceptive input
by down-regulating the stimulation of A delta and C fibers and reducing the sympathetic arousal,
which is relevant for inducing and maintaining certain chronic pain states. At the spinal level,
hypnosis probably activates the descending inhibitory systems by reducing the nociceptive R-III
reflex, parallel to self-reported reduction in pain. At the supraspinal cortical level, neuro-imaging
and electrophysiological studies have demonstrated the ability of hypnotic suggestions of
analgesia to directly and selectively modulate both sensory and affective dimensions of pain
perception (the latter exhibiting greater significant reduction compared to pain). Furthermore, the
highly hypnotizable subjects possess stronger attentional filtering abilities compared to the low
hypnotizable subjects, and this greater cognitive flexibility might result in better focusing and
diverting attention from the nociceptive stimulus as well as in better ignoring the irrelevant stimuli
in the environment.
Neuropsychological mechanisms underlying hypnotic analgesia are possibly diverse, and
include factors related to the reinterpretation of the meanings associated with pain as well as the
factors related to the reduced pain intensity; the latter may result either from dissociative
mechanisms or from the mechanisms associated with focusing on the alternative or reduced
sensations. Certain factors, in turn, are accompanied by modulation at cortical levels, such as in
the case of modulation in the activity within the ACC and not in the S1 cortex during the
reinterpretation of meanings. Other factors relate to the endogenous circuitry that descends to
the brain stem and spinal levels, inhibiting nociceptive transmission within the cells of origin of
the ascending pathways and modulating motor and autonomic responses [59].
Taken together, these data support the notion that cognitive (hypnotic) modulation of pain
causes dramatic alterations in the cortical Pain Matrix [18, 23]. This complex network may
represent the ‘Neurosignature’ of the hypnotic modulation of pain (De Benedittis, 2003)[18].
However, hypnosis is not a panacea and is unlikely to serve as a stand-alone therapy in the
treatment of a variety of chronic pain syndromes, including inflammatory and neuropathic pain.
Given the multifactorial nature of chronic pain, a multimodal approach, which includes hypnosis
as well as pharmacotherapy (such as NSAID, tricyclic antidepressants, and antiepileptic drugs), is
often the preferred and the most appropriate treatment for pain control [22, 23].
4.4 Hypnosis Modulates Empathy for Pain
Brain responses to pain experienced by oneself vs. pain viewed in other people indicate
consistent overlap in the pain processing network, particularly the anterior insula, thereby
supporting the view that pain empathy relies partly on the neural processes engaged by
self-nociception [60].
A recent study demonstrated that inducing analgesia through hypnosis leads to decreased
responses to both self and vicarious experience of pain [60]. The activations in the right anterior
insula and amygdala were markedly reduced when the participants received painful thermal
stimuli following hypnotic analgesia on their hand, and also when they viewed pictures of others’
hands in pain. Hypnotic modulation of pain responses was associated with differential recruitment
of right prefrontal regions involved in selective attention and inhibitory control. These findings
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provided renewed support to the notion that self-nociception is involved during empathy for pain
and demonstrated the potential of using hypnotic procedures for modulating higher-level
emotional and social processes [60].
5. Conclusions
One of the oldest medical applications of hypnosis was pain control, the effectiveness of which,
although known for quite some time now, has received indisputable confirmation at the level of
evidence-based medicine quite recently. Increasing evidence has been suggesting that hypnosis
could be effective in the down-modulation of pain sensation in both acute and chronic pain states.
Hypnotic analgesia represents a significant paradigm of the manner in which neurophysiological
and neuropsychological research has decisively contributed to a better understanding of the
mechanisms underlying the multidimensional pain control in the state of trance.
Recent studies on hypnotic analgesia are rather convergent and strongly supportive of multiple
hierarchical pain control systems during hypnotic suggestions of analgesia at different levels and
sites within the nervous system, thereby providing a cognitive modulation of the Pain Matrix.
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Abstract
Palliative care is a steadily growing component of medicine that focuses on treating
individuals with life-limiting diseases such as cancer. It aims at improving the quality of life
and alleviating cancer-related symptoms, including anxiety, pain, dyspnea, cough,
nausea/vomiting, and constipation, which could result in significant physical and mental
impairment. Integrative palliative care (IPC), as a subspecialty of palliative care, includes
complementary approaches to treat patients holistically in their biopsychosocial
environments. Aromatherapy is a complementary therapy widely used in patients with
cancer. It is practiced in two forms: direct inhalation of essential oils and in the form of
massage with essential oils. The present study investigated the effectiveness of
aromatherapy in alleviating palliative symptoms and its possible side effects.
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1. Introduction
The incidence rates of cancer have been rapidly increasing worldwide. According to GLOBOCAN
2018, an online database that provides incidence and mortality rates of 36 types of cancers, 18.1
million new cases of cancer and 9.6 million deaths from cancer were reported in 2018 [1]. This
increasing burden is accompanied by an increase in the number of patients with cancer who suffer
from cancer-related complaints and problems. In this regard, palliative care focuses on the
treatment of people with life-limiting diseases to improve their quality of life and reduce adverse
effects.
Complementary and alternative medicine (CAM) has emerged as an important aspect of
palliative care. A survey in a palliative setting revealed that 40% of patients used CAM [2], with a
preference for biological approaches such as trace elements (64%), vitamins (60%), other
supplements (60%), and medical herbs (64%) [2]. Aromatherapy, a widely and often used
complementary therapy in patients with symptoms requiring palliative care, is the use of scents to
incite psychological or physiological responses for treatment. Medical aromatherapy uses selected
essential oils (EOs), which are concentrated natural plant products containing volatile aroma
compounds. The majority of EOs are derived by steam distillation, a tradition nearly 5,000 years
old. EOs have several potential applications owing to their different properties. They are mostly
used as direct inhalers, in the form of massage, or as an ointment. Hundreds of receptor cells in
the nose relay the smell to the brain via the olfactory nerve, thereby acting on organ systems,
blood circulation, and pain processing pathways [3].
One of the aspects to be considered while using aromatherapy as a ”gentle therapy” in
palliative care is that its effectiveness must be proven based on evidence to rule out serious side
effects. However, any effective medication may also have side effects. Consequently, the present
study summarizes the usefulness of aromatherapy in treating symptoms that require palliative care
and its possible side effects. To answer this question, a literature review on this topic was
performed using PubMed.
2. Materials and Methods
2.1 Literature Search
A systematic literature search was conducted using PubMed (Medline) according to the PRISMA
(Preferred Reporting Items for Systematic Reviews and Meta-Analyses) guidelines on January 11,
2020. The following keywords were used: “aromatherapy” AND “palliative care” and the symptom
in question. Symptoms included pain, nausea and vomiting, constipation, anxiety, dyspnea, cough,
fatigue, and insomnia. An additional search using the terms “essential oils” AND “palliative care”
was conducted.
In the second step, we analyzed the references in all retrieved publications, including
meta-analyses and systematic reviews, to further identify the publications that might have been
missed in the referred databases.
2.2 Criteria for Eligibility
All publications from the past 25 years identified in the first two steps were included if their
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full-texts could be retrieved in English and German.
2.3 Selection of Publications
Titles and abstracts of retrieved publications were checked by two authors of the study (H.M.,
K.M.) for their fulfillment of the eligibility criteria. Publications that did not meet the criteria for
eligibility, as well as duplicate publications, were excluded from the study. Finally, the full texts of
the included publications were analyzed.
3. Results
Literature Search:
Pain: The initial search strategy yielded 28 titles. Most items were excluded due to misleading
titles. Eight articles that met the eligibility criteria were read and reviewed completely. Three more
articles were excluded because they did not specifically measure the pain symptom; similarly,
another article was excluded as it did not include palliative care. Finally, four articles were included
in the study.
Nausea and Vomiting: The initial search strategy yielded seven titles. Most items were excluded
owing to duplicate records or misleading titles. Five articles that met the eligibility criteria were
read and reviewed completely. Three more were excluded as these did not specifically record
nausea and vomiting. Finally, two articles were included in the study.
Constipation: The initial search strategy yielded two titles. Both titles were completely read and
included in the study.
Anxiety: The initial search strategy yielded 26 titles. Most items were excluded owing to
misleading titles. Seventeen articles that met the eligibility criteria were read completely. Five
more articles were excluded.
Depression: The initial search strategy yielded 13 titles. Most items were excluded owing to
duplicate records or misleading titles. Finally, three articles were read completely and included in
the study.
Fatigue: The initial search strategy yielded eight titles. Most items were excluded owing to
duplicate records or misleading titles. Four articles that met the eligibility criteria were read
completely. Three more articles were excluded as these did not specifically record fatigue. Finally,
one article was included in the study.
Insomnia: The initial search strategy yielded three titles. All were read completely. One article
was excluded because it did not specifically record insomnia. The remaining two articles were
included in the study.
Cough: The initial search strategy yielded one title; however, it was excluded because it did not
specifically investigate cough.
Dyspnea: The initial search strategy yielded one title, which was excluded as it did not
specifically investigate cough. The additional search using the terms “essential oils” AND “palliative
care” revealed no further relevant studies
3.1 Pain
In order to study the effect of aromatherapy on pain, a systematic review of randomized
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controlled trials focusing on two trials involving aromatherapy practiced by inhaling oil and six
trials that compared massage with aromatherapy was carried out [4]. However, only one trial
measured the long-term effect of aromatherapy on pain and anxiety; it compared a 4-week
treatment using massage with lavender essential oil and an inert carrier oil, an inert carrier oil
massage only, and no intervention [5]. Forty-two patients were randomly allocated to treatments.
For each group, no statistically significant differences regarding pain were observed between the
baseline and at the end of the study. The different arms were not compared to each other, and
side effects were not reported.
The systematic review indicated that the trials were poorly conducted and did not provide any
clear evidence, making it impossible to provide any evidence-based recommendations [4].
Several studies were not included in this review:
 A trial involving 60 pediatric patients compared the use of aromatherapy scented sachets with
the use of visual imagery to treat pain. The trial showed an improvement in pain following the
aromatherapy intervention [6]. However, this trial also had certain limitations. Children with
medical exclusion criteria for aromatherapy, for example, hypersensitive airways, were included in
the control arm, which could have created bias.
 A Canadian community hospital developed an integrated complementary therapy pilot
program in the palliative care unit. Different therapies included aromatherapy and massage, Reiki,
and therapeutic touch. Several aromatherapy products are available to improve pain; for example,
aromatherapy massage oil, aromatherapy mouth care solution for malodor or pain in the mouth,
and aromatherapy ointment for red, inflamed, and/or painful intact skin. Thirty-one patients were
asked to rate the severity of symptoms before and after one or two sessions. The analysis revealed
a significant decrease in symptom severity, especially in pain by 44% [7].
The presented trials in the palliative care setting may not provide concrete evidence in favor of
the use of aromatherapy to control pain. However, evidence from meta-analyses and systematic
reviews performed in patients undergoing cardiac surgery [8], patients with primary dysmenorrhea
[9], and those with pain during labor [10] show that aromatherapy can improve the pain symptom.
Another meta-analysis and systematic review reported the successful application of aromatherapy
to treat pain when combined with conventional treatments [11].
3.2 Nausea and Vomiting
The trial involving pediatric patients also investigated the effectiveness of aromatherapy
scented sachets in reducing nausea. Thirty children in each arm of the trial were examined
compared with children in the other arm who were shown visual imagery. Improvement in nausea
was observed at 5 minutes, which continued until 60 minutes post-exposure (p < 0.001) [6].
Another single-arm trial involving 160 patients examined the effects of aroma sticks on anxiety,
nausea, and difficulty in sleeping. Forty-five aroma sticks were distributed among the patients for
nausea management. Patients were asked to hold the sticks under their noses while inhalation;
77% of patients reported that they benefitted from the therapy. However, 18% reported no
positive effect, whereas 8% never used their aroma sticks. Moreover, 82% of the patients found
the aroma stick beneficial for the management of nausea. The effect was related to the frequency
of use of aroma sticks; the effect was more pronounced with more frequent use. Patients did not
report side effects [12].
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While limited evidence may be available regarding the effectiveness of aromatherapy in a
palliative setting, a systematic review concluded that aromatherapy should be considered as a
treatment modality for postoperative nausea and vomiting (PONV) in adult surgical patients [13].
Moreover, it is speculated that it could be used in combination with other interesting
complementary approaches, such as ginger and P6 acupressure. For example, it has been proved
effective in a systematic review of trials involving pregnant women and, therefore, could be
considered a reliable treatment approach [14].
3.3 Constipation
A three-armed randomized trial comprising 45 patients with constipation was performed to
evaluate the effect of aromatherapy. Here, patients were randomly assigned to three experimental
groups: (a) plain abdominal massage, (b) aroma abdominal massage, and (c) control. Massage
sessions lasting 15 to 20 minutes were held daily for five consecutive days. The results showed a
significant difference in the bowel movements between the aroma massage group and the plain
massage group (p < 0.001); the aroma massage group and the control group (p < 0.001); and the
plain massage group and the control group (p < 0.05) [15].
Another small, one-arm study comprising 15 patients with constipation was performed; the
patients were treated with an aroma massage. In addition, patients were taught to perform the
massage themselves. All patients reported a decrease in the discomfort caused by abdominal
distension and flatulence after one week of aromatherapy. Eight patients reported recovery to
normal bowel function after four to six weeks. Further, three patients reported less severe
symptoms associated with constipation; however, they still felt constipated. Four patients were
lost to follow-up [16].
Two further trials evaluated the effects of aroma massage on constipation [17-18]. Although the
papers were published in Korean, these provided evidence that aroma massage contributed to
reduced use of stool softeners, suppositories, and enemas.
3.4 Anxiety
A systematic review of randomized controlled trials in 2019 failed to show the effectiveness of
aromatherapy massage compared to massage alone [19]. The researchers identified three studies
and summarized their results [20-22]. Though Wilkinson et al. demonstrated an enhanced effect of
massage with essential oils compared to massage alone [22]. The combined analysis of all trials
revealed no significant difference between the intervention (aromatherapy massage) and the
control (massage alone) groups [19]. Thus, it could be concluded that the improvement observed
in the intervention group (aromatherapy massage) was primarily the result of the massage. In
2007, Wilkinson published a multicenter randomized controlled trial with 288 patients and showed
that aromatherapy massage exerted no long-term benefits on anxiety in comparison with usual
treatment [23]. From these studies, it could be speculated that restricting the interpretation to
randomized trials could create the impression that aromatherapy is not useful.
In a randomized controlled trial by Soden et al., as mentioned above, the researchers measured
the effect of aromatherapy on pain and anxiety by comparing a 4-week course of aromatherapy
massage with that with lavender essential oil, massage with an inert carrier oil only, and no
intervention [5]. No statistically significant changes were observed between the baseline and at
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the end of the study for each group. Moreover, different arms were not compared to each other.
The findings of Soden et al. corroborate with those of Hsu et al. [19].
Two studies examined the long-term effects of aromatherapy on anxiety [24-25].One study
showed a statistically significant difference between the two trial arms with respect to the effect of
aromatherapy on anxiety [24]. Participants in the experimental group were asked to inhale rose
water for four weeks, whereas those in the control group did not undergo any intervention. The
mean scores of anxiety in the experimental group were significantly reduced (p < 0.001). The
second trial compared the effectiveness of combining the aromatherapy massage with cognitive
behavior therapy to address the symptoms of emotional distress. Both arms showed an
improvement in symptoms; however, the between-group comparison showed a non-significant
trend toward greater improvement with cognitive behavior therapy [25].
In a Canadian trial by Berger et al. with an integrated complementary therapy pilot program
implemented within the palliative care unit, 31 patients were asked to rate the severity of
symptoms before and after one or two sessions. Aroma stick inhalers were used to treat
breathlessness and/or anxiety. The analysis revealed a significant decrease in anxiety by 66% [7].
Furthermore, aroma sticks have been used in a trial conducted by Stringer et al. The study
comprised 49 patients who considered anxiety as their main concern; out of these, 39 patients
found aroma sticks to exert beneficial effects [12].
In a small, single-arm trial, aromatherapy massage was applied to patients with malignant brain
tumors. The Hospital Anxiety and Depression Scale (HADS) was used, and the results showed no
significant differences before and after the aromatherapy massage. However, patients’ subjective
perception of relaxation was reported and supported by significantly reduced physical parameters
of the autonomic nervous system [26]. In another single-arm trial, aromatherapy massage was
offered as a 6-week, 6-treatment course, with 58 patients completing the six sessions. Anxiety,
assessed using HADS, was significantly improved; the score increased from 8.9 to 6.2 (p < 0.001)
[27].
Overall, some evidence exists that aromatherapy could have a positive influence on anxiety,
especially the possible anxiolytic effects of lavender [28]. Systematic reviews and a meta-analysis
have shown that critically ill adults and patients undergoing cardiac surgery could benefit from
aromatherapy approaches [8, 29].
3.5 Depression
The same trials that evaluated anxiety also studied depression using HADS [5, 23, 27]. Soden et
al. were unable to show the effectiveness of aromatherapy massage on symptoms of depression.
The message alone resulted in statistically significant reduction in depression scores [5]. However,
Kite et al. recorded a significant improvement in HADS depression scores, from 6.1 to 4.0 (p <
0.001), in a single-arm trial that offered aromatherapy massage as a 6-week, 6-treatment course
[27]. Conversely, the multicenter randomized controlled trial published by Wilkinson et al. showed
that aromatherapy massage did not exert long-term benefits on depression, as shown for anxiety
[23].
Two systematic reviews, including one with a meta-analysis, have addressed the topic of
aromatherapy and depression. One study concluded that aromatherapy could be beneficial in
attenuating the psychological symptoms, such as anxiety and depression, in postmenopausal and
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elderly women. However, aromatherapy could not be considered an effective treatment to
manage nervousness [30]. The other study concluded that aromatherapy could serve as an
effective therapeutic for the relief from depressive symptoms in different individuals. In particular,
aromatherapy massage appeared to be more effective than inhalation aromatherapy [31].
3.6 Fatigue
Twenty patients were enrolled in a single-arm trial to investigate the effectiveness of a
combined modality treatment consisting of aromatherapy, foot soak, and reflexology on fatigue.
Cancer Fatigue Scale (CFS) scores improved significantly after the treatment (p < 0.001), and no
side effects were reported [32].
Another trial involving 105 hemodialysis patients showed that aromatherapy with lavender
essential oil could decrease the level of fatigue compared to Benson relaxation techniques [33].
Another trial, again involving hemodialysis patients, reported that aromatherapy prepared with
sweet orange and lavender oil could increase the quality of sleep and decrease fatigue levels [34].
3.7 Insomnia
Soden et al. reported, in a three-armed randomized trial (aromatherapy massage, massage with
an inert carrier oil, and no massage), no significant differences in the mean Verran and Snyder–
Halpern Sleep Scale (VSH) from baseline to the final assessment. A direct comparison of the groups
showed a difference between control and intervention groups; however, no differences between
massage alone and aromatherapy massage were reported [5]. Moreover, in the trial by Stinger et
al. that relied on aroma sticks, 31 patients received an aroma stick, mainly because of insomnia.
Twenty-two (71%) patients found them useful, whereas 8 (26%) patients did not. One patient did
not use it [12]. A meta-analysis of 12 studies revealed that the use of aromatherapy was effective
in improving the quality of sleep. Here, the subgroup analysis revealed that inhalation
aromatherapy was more effective than massage therapy. Thus, readily available aromatherapies
appeared to be effective by promoting sleep [35].
Another study on 50 patients with newly diagnosed acute leukemia, who had been hospitalized
to receive their initial four weeks of intensive induction chemotherapy, found aromatherapy as a
viable intervention for improving insomnia and other symptoms commonly experienced by
patients with acute leukemia [36].
4. Conclusion
The present review shows that aromatherapy has been widely studied in recent decades to
treat several symptoms. However, few studies relate to a specific palliative need, and most are of
low quality, with low patient numbers and often conducted as a one-armed trial. Other potential
limitations or flaws include that interventions were not administered under the optimal situation.
For example, massage was given in the morning, although the study was designed with a focus on
sleep [9]. Furthermore, most studies used parent-evaluated questionnaires, such as HADS and the
Rotterdam Symptom Checklist (RSCL), which capture different symptoms. Therefore, most of the
surveys focused on pain, anxiety, and depression.
A randomized controlled study on constipation yielded good, significant results, showing that
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aromatherapy massage was superior to massage alone [15]. The other symptoms were mostly
evaluated in single-arm studies with no comparison arm. Although few studies could show positive
results to a certain extent, the question of whether aromatherapy is useful remains unanswered.
For example, Hsu et al. inferred that the improvement in the intervention group was primarily
caused by the intervention itself rather than by aromatherapy [19]. It can be assumed that the
touch itself leads to an improved relationship between patients and, thus, to an improvement in
several symptoms in patients suffering from deadly diseases. Similar results were shown by
Senterovich et al. in a retrospective chart review in a geriatric palliative care unit [37].
In the Cochrane database of systematic reviews, Fellowes et al. reported contradictory evidence
for any additional benefit on anxiety conferred by the addition of aromatherapy [38]. In the update
by Shin et al. (2016), only two studies compared massage to massage with aromatherapy. It was
not possible to assess the effect of adding aromatherapy to massage on relief from pain;
psychological symptoms, including anxiety and depression; physical symptom distress; or quality of
life [39]. Therefore, the question of whether to include aromatherapy to actual interventions in
palliative care remains unresolved. Although aromatherapy appears to be safe, its adverse effects
have been described by several studies. For example, Candy et al. reported, in a systematic review,
isolated allergic reactions appearing as rash, albeit rarely [4]. Similarly, other authors selected
allergic respiratory diseases as exclusion criteria [6]. Furthermore, the results reported by different
studies in favor of aromatherapy are inconsistent. Characteristics and results differed across
interventions and even in the same intervention, as shown by Coelho et al. in a scoping review
[40].
However, the present review also describes the proven efficacy of aromatherapy in several
fields outside that of palliative care, yet related to relevant topics of palliative care. Certainly, the
findings cannot be transferred directly to the palliative setting, as the background and causes of
symptoms in a palliative situation could have different aspects. As it could be difficult to conduct
trials in a palliative setting, it may be justified to transfer some findings to a palliative setting
because patients may benefit from this readily available, cost-effective, efficacious, and safe
treatment approach. Thus, the use of aromatherapy appears justified. Nevertheless, further
high-quality studies are necessary to support the benefits of aromatherapy.
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Abstract
Patients in the intensive care unit are confronted with an extreme situation that may cause
stress and anxiety. The negative experiences may cause patients to suffer for the long-term
after leaving the intensive care unit. One such stressor in the intensive care unit is
non-invasive ventilation. Positive therapeutic suggestions under hypnosis can help patients
in intensive care to enhance their well-being by helping them to deal with specific stress like
being ventilated. The aim of our study is to assess the effects of therapeutic suggestions of
safety under hypnosis in patients on non-invasive ventilation during intensive care. We
present a pre-post study design to evaluate the effects of standardized safety suggestions
under hypnosis carried out in a face-to-face setting. We include non-invasively ventilated
© 2020 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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patients treated in the intensive care unit who must be able communicate and be oriented
toward all dimensions, i.e., person, place, time, and particularly, situation. Patients rate their
subjective feelings of valence, arousal, anxiety, as well as the aversiveness of the breathing
mask, before and after receiving therapeutic suggestions of safety under hypnosis. We
further record physiological parameters like heart rate, blood pressure, breathing rate, and
blood oxygen level before, during, and after providing the suggestions under hypnosis. We
test the effectiveness of therapeutic suggestions of safety under hypnosis in non-invasively
ventilated patients during treatment in the intensive care unit. Psychological interventions
such as positive suggestions under hypnosis can help to reduce acute mental distress.
Patients in intensive care are in an extreme situation accompanied by stress and anxiety and
often suffer from negative long-term complications; therefore, our study addresses an
existential need in critical care. We thus provide evidence that positive suggestions under
hypnosis increase psychological well-being and reduce the impact of stressors, such as being
ventilated in the intensive care unit.
Keywords
Intensive care unit; emotional well-being; non-invasive ventilation; safe place imagination;
physiological parameters; therapeutic suggestions; hypnosis

1. Introduction
A patient in the intensive care unit often undergoes negative experiences like pain, fear of
death, being dependent on strangers, and being in an unfamiliar environment that is
incomprehensible [1]. Patients in the intensive care unit are thus in an extreme situation that
causes symptoms of stress, anxiety, and depression [2]. Negative experiences in the intensive care
unit can often lead to long-term negative consequences [3]. One of the specific stressors in the
intensive care unit, often caused by medical treatment, is non-invasive mechanical ventilation,
wherein the breathing mask is positioned over the patient’s nose and mouth with considerable
pressure. Non-invasive ventilation primarily supports breathing, but many patients perceive the
breathing mask as very uncomfortable, threatening, and stressful [4]. Altogether, patients in the
intensive care unit are confronted with a generally threatening situation and are additionally
exposed to specific stressors like non-invasive ventilation. Figure 1 illustrates the patient’s
situation in the intensive care unit with non-invasive ventilation.
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Figure 1 Illustration of a patient with non-invasive ventilation in the intensive care unit.
Drawn by Sophie Elschner, https://sophssketchpad.wordpress.com/
The suggestion of a safe place is commonly made to reduce anxiety and stress [5]. Participants
are told to imagine that they are in a safe place where they feel protected and calm. Evidence
from hypnosis studies shows that being in a hypnotic state enhances the effects of suggestions [6].
Suggestions also work better when patients are highly suggestible. While suggestibility is a stable
trait with considerable retest reliability [7], there are specific circumstances that increase
suggestibility. For example, suggestibility increases in highly threatening and stressful situations
[8]. As we indicated before, being in the intensive care unit is a highly threatening and stressful
situation; therefore, we predict that these suggestions work very well in the intensive care unit. To
achieve better results, we decided to present the suggestions after inducing a hypnotic state [6]
and tested whether an intervention increases participants’ general well-being and reduces the
aversiveness of non-invasive ventilation. Developing such an intervention helps to improve
patients’ well-being immediately and prevents negative long-term consequences.
Therapeutic suggestions have positive effects on patients in the intensive care unit [9]. Previous
studies demonstrated that after receiving positive therapeutic suggestions, patients could leave
the intensive care unit sooner and got independent of mechanical ventilation faster [10, 11].
Moreover, patients took lower doses of benzodiazepines and opioids when they received positive
therapeutic suggestions [12]. However, the existing studies focused primarily on objective medical
recordings. In our study, we focus on subjective psychological outcomes like a decrease in anxiety
and aversiveness ratings of the breathing mask.
We developed a suggestion text that addresses two issues. First, we include the suggestion of a
safe place to induce a feeling of general well-being. Maslow [13] significantly pointed out that the
need for safety is existential; therefore, we aimed at increasing the feeling of safety via our
suggestion of a safe place during hypnosis. Second, we address the sensations accompanied by
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non-invasive ventilation and suggest the comfort and helpfulness of the ventilation mask. We use
hypnotic suggestions to increase immediate well-being and post-hypnotic suggestions to reduce
the aversiveness of the breathing mask in future treatment.
In a pilot trial using a pre-post design, we measure the effectiveness of therapeutic suggestions
of safety during hypnosis in non-invasively ventilated patients. To measure the effectiveness, we
use subjective ratings of valence, arousal, anxiety, and aversiveness of the breathing mask. We
also record physiological responses during the intervention.
2. Materials and Methods
2.1 Study Design and Setting
This study uses a pre-post design to evaluate the effects of intervention, including therapeutic
suggestions of safety during hypnosis. Patients are recruited at the Jena University Hospital,
Germany, and are contacted bed-side while being treated in the intensive care unit. The
intervention is delivered by students supervised by the first author of this manuscript, who is
trained in hypnosis and is a member of the Milton Erickson Society for Clinical Hypnosis.
2.2 Eligibility Criteria
We include adult (18+ years) patients who are treated in the intensive care unit and undergo
non-invasive ventilation. As we want patients to indicate their subjective ratings, we only include
patients who are able to communicate and who are fully oriented, as assessed via the Glasgow
Coma Scale [14]. We select patients with a Glasgow Coma Scale score of at least 14. We exclude
patients who get non-invasive ventilation for the first time as they cannot rate the aversiveness of
the breathing mask before the intervention and patients who do not understand German or who
are deaf.
2.3 Procedure
Before starting with our intervention, we ask patients about their current mood using the
valence and arousal scales of the Self-Assessment Manikin [15]. We also measure their current
state of anxiety using the Faces Anxiety Scale [16]. To assess the aversiveness of the breathing
mask, we use a visual analog scale ranging from 9 (unpleasant and disturbing) to 1 (pleasant and
supporting). We select patients who have problems with non-invasive ventilation, as indicated by
an aversiveness pre-score of at least 3. To measure the physiological responses to our intervention,
we use physiological parameters recorded in the intensive care unit by default, including heart
rate, blood pressure, breathing rate, and blood oxygen level. To assess the timing of our
intervention, we record a video with a monitor showing the patient’s physiological responses and
the voice of the hypnotist providing the intervention.
After the breathing mask is applied, we start with the intervention. The whole intervention
takes nearly 15 min. Accordingly, our intervention targets non-invasive ventilation periods of
about 15 min. First, we induce hypnosis. As there are several possible disturbing factors in the
intensive care unit like people walking around and talking, unknown odors, and beeping noises
from monitors, we include them in the hypnosis induction. For example, we tell patients that the
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beeping sounds indicate the presence of people around who take good care so that the patients
can relax completely. We tell patients to focus on their breathing and how the breathing mask
helps them to breathe. At the end of the hypnosis induction, we count from one to ten and tell
patients that with every number, they get deeper into the hypnotic state. Then, we suggest that
the participants are at a safe place. We invite the patients to imagine a place where they had been
earlier and felt well and safe. Next, we count from one to ten and tell the patients that they feel
safer with every number. We then provide the post-hypnotic suggestion that the breathing mask
feels helpful and that in the future, whenever they feel the pressure of the breathing mask again,
they will experience the same feeling of safety like they are currently experiencing. This helps
patients to transfer the feeling of safety in their daily treatment. Finally, we lead patients out of
the hypnotic state by counting from ten to one and tell patients that with every number, they get
back slowly into a normal waking state. To assess the effect of the intervention, we again ask the
patients about their current state of valence and arousal, using the scale of Self-Assessment
Manikin [15] and their current state of anxiety, using the Faces Anxiety Scale [16]. The patients
rate the aversiveness of the breathing mask again on a visual analog scale ranging from 1 to 9.
2.4 Outcomes
Primary outcomes are patients’ valence and arousal ratings, measured via the Self-Assessment
Manikin *15+ and patients’ anxiety ratings, measured via the Faces Anxiety Scale [16]. Secondary
outcomes are breathing mask aversiveness assessed via a visual analog scale and the physiological
parameters, including heart rate, blood pressure, breathing rate, and blood oxygen level.
2.5 Sample Size
We estimated the effect size for the effect of hypnotic suggestions on subjective experiences in
clinical settings based on a meta-analysis by Tefikow et al. *17+ as Cohen’s d = 0.5. We computed
the necessary sample size to detect an effect of this size in a within-subjects design with alpha =
0.05 and statistical power of 0.9 using the program G*power [18]. The computed sample size was
36, so we plan to test 40 participants to account for possible drop-outs.
2.6 Data Analysis
Primary and secondary outcomes will be analyzed by statistically comparing pre- and
post-measures. To analyze the physiological responses to our intervention, we will use the video
that we recorded during the intervention and set event markers to assess how specific parts of the
text affected patients’ physiological parameters. Pre-post effects will be computed as
standardized mean differences (Cohen´s d) with 95% confidence intervals.
2.7 Ethical Considerations
All eligible participants are informed verbally about the study aims, content, procedure, and
duration. Participation is voluntary at any time, and the participants were informed about the
same and the choice to interrupt or prematurely terminate study participation without giving
reasons. We obtained ethical approval for our study from the ethics committee of the
Friedrich-Schiller University, Jena, Germany (#2019–1463).
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3. Expected Results
We expect more positive valence ratings and a decline in arousal ratings after the intervention.
Further, we predict that anxiety ratings and aversiveness ratings of the breathing mask
significantly decrease after the intervention. Considering the physiological parameters, we predict
that heart rate, blood pressure, and breathing rate decrease due to the intervention. Overall, we
expect that after the intervention, patients show better compliance, perceive the breathing mask
as less disturbing, and show less anxiety on being ventilated.
4. Discussion
This study aims to provide the first evidence of a treatment approach particularly designed for
patients experiencing stress during non-invasive mechanical ventilation in intensive care.
Non-invasive ventilation is one of many stressors in intensive care because of the pressure of the
breathing mask and the perceived lack of control, causing feelings of helplessness, anxiety, and
discomfort [1, 2, 4]. We provide here an intervention using hypnosis that may help to increase
patients’ general well-being and also specifically help in improving the perception of non-invasive
mechanical ventilation.
Our study is a pilot trial to assess the applicability and to provide the first evidence on
treatment effects, and randomized-controlled studies will be needed in the future to test the
efficacy of the intervention against a suitable control group in a sufficiently sized sample of
patients. Our study is the first attempt to focus on patients’ subjective well-being besides the
objective medical parameters in a largely technological setting of intensive care. In order to
prevent acute anxiety and stress as well as negative long-term consequences, it is necessary to
focus on the psychological well-being of the patient in the intensive care unit. Therefore, our study
addresses an existential need in critical care.
Acknowledgments
We thank Lisa Planer, Ramona Schunke and Jana Schneider for their help with the study.
Author Contributions
All authors wrote the paper.
Competing Interests
The authors have declared that no competing interests exist.
References
1.
2.

Stein-Parbury J, McKinley S. Patients’ experiences of being in an intensive care unit: A selected
literature review. Am J Crit Care. 2000; 9: 20-27.
Peris A, Bonizzoli M, Iozzelli D, Migliaccio ML, Zagli G, Bacchereti A, et al. Early intra-intensive
care unit psychological intervention promotes recovery from posttraumatic stress disorders,
anxiety and depression symptoms in critically ill patients. Crit Care. 2011; 15: 1-8.

Page 128/206

OBM Integrative and Complementary Medicine 2020; 5(2), doi:10.21926/obm.icm.2002025

3.

4.
5.
6.
7.
8.
9.
10.

11.
12.
13.
14.
15.
16.
17.

18.

Needham DM, Davidson J, Cohen H, Hopkins RO, Weinert C, Wunsch H, et al. Improving
long-term outcomes after discharge from intensive care unit: report from a stakeholders’
conference. Crit Care Med. 2012; 40: 502-509.
Smith TA, Davidson PM, Jenkins CR, Ingham JM. Life behind the mask: The patient experience
of NIV. Lancet Respir Med. 2015; 3: 8-10.
Arntz A. Imagery rescripting for personality disorders. Cogn Behav Pract. 2011; 18: 466-481.
Hilgard ER, Tart CT. Responsiveness to suggestions following waking and imagination
instructions and following induction of hypnosis. J Abnorm Psychol. 1966; 71: 196-208.
Piccione C, Hilgard ER, Zimbardo PG. On the degree of stability of measured hypnotizability
over a 25-year period. J Pers Soc Psychol. 1989; 56: 289-295.
Kekecz Z, Varga K. Positive suggestion techniques in somatic medicine: A review of the
empirical studies. Interv Med Appl Sci. 2013; 5: 101-111.
Karnatovskaia LV, Philbrick KL, Parker AM, Needham DM. Early psychological therapy in
critical illness. Semin Respir Crit Care Med. 2016; 37: 136-142.
Szilágyi AK., Diószeghy C, Fritúz G, Gál J, Varga K. Shortening the length of stay and mechanical
ventilation time by using positive suggestions via MP3 players for ventilated patients. Interv
Med Appl Sci. 2014; 6: 3-15.
Szilágyi AK, Diószeghy CS, Benczúr L, Varga K. Effectiveness of psychological support based on
positive suggestion with the ventilated patient. Eur J Ment Health. 2007; 2: 149-170.
Schlanger J, Fritúz G, Varga K. Therapeutic suggestion helps to cut back on drug intake for
mechanically ventilated patients in intensive care unit. Interv Med Appl Sci. 2013; 5: 145-152.
Maslow AH. A theory of human motivation. Psychol Rev. 1943; 50: 370-396.
Teasdale G, Maas A, Lecky F, Manley G, Stocchetti N, Murray G. The Glasgow Coma Scale at 40
years: Standing the test of time. Lancet Neurol. 2014; 13: 844-854.
Bradley MM, Lang PJ. Measuring emotion: The self-assessment manikin and the semantic
differential. J Behav Ther Exp Psychiat. 1994; 25: 49-59.
McKinley S, Coote K, Stein-Parbury J. Development and testing of a Faces Scale for the
assessment of anxiety in critically ill patients. J Adv Nurs. 2003; 41: 73-79.
Tefikow S, Barth J, Maichrowitz S, Beelmann A, Strauss B, Rosendahl J. Efficacy of hypnosis in
adults undergoing surgery or medical procedures: A meta-analysis of randomized controlled
trials. Clin Psychol Rev. 2013; 33: 623-636.
Faul F, Erdfelder E, Lang A-G, Buchner A. G*power 3: A flexible statistical power analysis
program for the social, behavioral, and biomedical sciences. Behav Res Methods. 2007; 39:
175-191.

Page 129/206

OBM Integrative and Complementary Medicine 2020; 5(2), doi:10.21926/obm.icm.2002025

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

OBM Integrative and Complementary Medicine

Page 130/206

Open Access

OBM Integrative and
Complementary Medicine

Editorial

Can Laser Medicine and Laser Acupuncture be used for COVID-19?
Selected Areas of the Current Scientific Literature
Gerhard Litscher *
Research Unit of Biomedical Engineering in Anesthesia and Intensive Care Medicine, Research Unit
for Complementary and Integrative Laser Medicine, and Traditional Chinese Medicine (TCM)
Research Center Graz, Medical University of Graz, 8036 Graz, Austria; E-Mail:
gerhard.litscher@medunigr.az
* Correspondence: Gerhard Litscher; E-Mail: gerhard.litscher@medunigraz.at
Academic Editor: Gerhard Litscher
Special Issue: Modernization of Acupuncture Education and Research
OBM Integrative and Complementary Medicine
2020, volume 5, issue 2
doi:10.21926/obm.icm.2002026

Received: May 03, 2020
Accepted: May 03, 2020
Published: May 07, 2020

Abstract
The present moment lacks any reliable vaccine or treatment for the SARS-CoV-2 virus and
the resultant disease COVID-19 (Corona Virus Disease-2019). Laser medicine like
photobiomodulation (PBM) or photodynamic therapy (PDT), and laser acupuncture may
possess some potential to interact and relieve the symptoms of this disease. PubMed lists
only two results for the search term ‘PBM or PDT and COVID-19’, indicating the paucity of
validated scientific clinical studies on the subject. On the contrary, it does not mean that the
laser does not have any effect on COVID-19. The development of therapeutic procedures will
continue to play a major role in COVID-19 in the future.
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COVID-19 (Coronavirus disease - 2019); SARS-CoV-2 virus; photobiomodulation (PBM);
photodynamic therapy (PDT); laser acupuncture
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1. Introduction
Integrative and Complementary Medicine (ICM), including Traditional Chinese Medicine (TCM)
with acupuncture, has proven to be effective in the rehabilitation of COVID-19 (Coronavirus
Disease 2019) patients [1–5].
Appropriate expert teams have been authorized to manage rehabilitation treatments using
TCM and the combination of TCM and Western medicine across China [4]. In February 2020,
Chinese health authorities issued a guide for the use of TCM in recovered patients, which includes
TCM recipes, nutritional advice, moxibustion, cupping, acupuncture, and music therapies, as well
as traditional exercises like Tai Chi or Qi Gong [6].
2. Application of Photobiomodulation (PBM) and Laser Acupuncture (LA)
As on 30th April 2020, the most widely used medical database PubMed indexes only two results
for the search ‘PBM or photodynamic therapy (PDT) and COVID-19’, which included a letter to the
editor and a guest editorial [7, 8]. This indicated the fact that no validated scientific studies have
been carried out on the subject. However, it nowhere denies the role of lasers on COVID-19.
Scientific societies that deal with the topic, therefore, find it very difficult to recommend
guidelines for adequate treatment or alleviation. A careful interpretation of the two articles [7, 8]
presents great potential for relatively new methods in the area of integrative medicine.
Nevertheless, hurried conclusions need to be avoided.
Dominguez et al. [7], in a letter to the editor entitled ‘Can transdermal photobiomodulation
help us at the time of COVID-19?’, describe various possibilities of the non-invasive laser blood
irradiation, which has already been used in numerous areas in Russia and Germany [9,10].
Unfortunately, the authors are unable to pinpoint any confirmed results in connection with
COVID-19. On 24th April 2020, they documented, among other things, “We recommend the
identification and treatment of hyper inflammation using a non-invasive therapy that exists with
proven safety profiles to address the immediate need to reduce the rising mortality by performing
projects that include transdermal PBM with application to 30 min per day for 3–5 days with diode
laser whether visible or invisible” *7+.
Fekrazad cites a good overview of PBM and COVID-19 in a guest editorial in the same journal
’Photobiomodulation, Photomedicine, and Laser Surgery’ on 23rd April 2020 [8]. He describes the
possibilities of PBM and antiviral PDT as a potential novel approach in COVID-19 management. He
asserts, “Of course, in the future, the use of a different modality of PBM and PDT can be evolved
and, by using monoclonal antibodies, we could target lung tissue specifically. It can even be
improved by using nanotechnology, making new photosensitizers in Nano scales, and pasting
them to the target tissues to obtain better results.” *8+.
The scientific literature on laser medicine presents promising approaches worldwide with
regard to attempts at controlling bacterial and viral infections in humans, although no such
evidence on containment of COVID-19 is available. Exemplarily, in 2018, Kingsley et al. [11] in the
USA investigated the potential of visible monochromatic violet/blue light (405 nm) as a
nonthermal intervention for viruses on foods like berries that are prone to norovirus
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contamination. The authors showed that the use of food-grade singlet oxygen enhancer
compounds in combination with light in the visible spectrum might offer a means to inactivate
foodborne viruses.
Another study from Iran investigated the effects of riboflavin (RB) in combination with different
doses of ultraviolet light (UV) on platelet concentrate (PC), which was infected by three models of
the virus [12]. The study indicated that RB/UV treatment proved to be a promising pathogen
reduction technique in PC and had limited effects on platelet quality [12].
One study from Australia [13] demonstrated that treatment with RB and UV light decreases
dengue virus (DENV 1-4) titers moderately.
Authors from Sweden in 2019 [14] stated that a high dose of blue light could perhaps treat
bacterial infections without any loss of human skin cells. They indicated that PDT using riboflavin
and blue light should be explored further as it may be utilized in the treatment of skin diseases
associated with keratinocyte hyperproliferation. In 2014, researchers from Beijing [15] developed
a flow-based treatment device using RB and UV light to inactivate viruses in fresh-frozen plasma
(FFP) and demonstrated an enhanced efficiency of the virus inactivation, although the total
activity of plasma factors was reduced.
Risk reduction strategies for transfusion-related acute lung injury (TRALI) involve the
preferential use of male donors in providing FFP [16]. Authors from Spain thanked its readiness,
simplicity, and feasibility, which facilitated the implementation of riboflavin- and UV light-treated
FFP, and thus the TRALI prevention strategy with ease [16].
In 2018, two authors from the UK [17] reported in a perspective article that blue light
undoubtedly had the potential to become a highly effective antimicrobial. However, the key
questions are yet to be answered, including the mechanisms of toxicity and the contribution of
porphyrin-independent mechanisms in particular [17].
In 2016, authors from Colorado [18] investigated the efficacy of RB and UV light against Middle
East respiratory syndrome coronavirus (MERS-CoV) tested in human plasma and reported that RB
and UV light effectively reduced the titers of MERS-CoV in human plasma products to below the
detection limits; this suggested that the treatment process may reduce the risk of
transfusion-transmission of MERS-CoV.
The available scientific literature includes only two papers to date on LA, in connection with
COVID-19 that speak of the potential for it. Fekrazad in 2020 [8] mentioned that more attention
must be paid to laser acupuncture. Liang and Litscher 2020 [3] addressed in an editorial, the
prospects of robot-controlled (laser) acupuncture in correlation with highly infectious diseases
[19]. The recommended acupoints for moxibustion and needle acupoint application include
Zusanli (ST 36), Guanyuan (CV 4), Dazhui (GV 14), Fengmen (BL 12), Feishu (BL 13), Zhongwan (CV
12), and Shenque (CV8). The same points can be used in laser acupuncture. Acupuncture reduced
poor appetite, coughing, insomnia, and headaches in patients with COVID-19 [3–5].
3. Future Aspects
The development of therapeutic procedures will continue to play a major role in COVID-19 in
the future, especially since consistent containment of SARS-CoV-2 currently appears to be the only
sensible strategy from an epidemiological viewpoint. Other strategies, such as rapid infection
control or eradication of the virus, are currently impractical and unsuccessful.
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Attempting to establish rapid herd immunity does not make sense because it is not yet known
how long people will be immune after surviving an infection with the coronavirus. This is also
because the approach of the epidemic ultimately builds on the idea that infected people will live
for years and afterward become immune. In addition, an infection is not recommended because
the long-term effects of COVID-19 on organs like the lungs and heart have not yet been
ascertained.
4. Conclusions
PBM and PDT are very interesting and promising approaches to the treatment of various
diseases. However, the literature lacks research on PBM and related methods like LA and
COVID-19. Out of the available scientific literature on these topics, most are speculating, while
robust clinical trials are completely missing.
Author Contributions
GL wrote the article during telework.
Funding
There was no funding for this article.
Competing Interests
The author has declared that no competing interests exist.
References
1.

2.
3.

4.
5.

6.

Li M, Yang X, Li K, Xie YQ. Traditional Chinese Medicine for novel coronavirus pneumonia
treatment: Main force or supplement? Tradit Med Res. 2020; 5: 62-64. Doi:
10.12032/TMR20200204158.
Lu P, Wang S, Tang Z. Feasibility analysis of early intervention of moxibustion in the
prevention and treatment of novel coronavirus pneumonia. Acta Chin Med. 2020; 19: 1-12.
Liang FX, Litscher G. COVID-19 (Coronavirus Disease - 19): Traditional Chinese medicine
including acupuncture for alleviation - a report from Wuhan, Hubei province in China. OBM
Integr Complement Med. 2020; 5: 4; doi: 10.21926/obm.icm.2001009.
Litscher G. Effectiveness of integrative medicine in COVID-19? Med Acupunct. 2020.
http://doi.org/10.1089/acu.2020.29143.lch
Luo E, Zhang D, Luo H, Liu B, Zhao K, Zhao Y, et al. Treatment efficacy analysis of traditional
Chinese medicine for novel coronavirus pneumonia (COVID-19): An empirical study from
Wuhan, Hubei Province, China. Chin Med. 2020; 15: 34. doi:10.1186/s13020-020-00317-x
Liang FX, Huang Q, Chen R, Wu S, Lu G, Liu J, et al. Healthcare-related qigong for the
prevention of lifestyle-related diseases. OBM Integr Complement Med. 2017; 2: 002. doi:
10.21926/obm.icm.1702002.

Page 134/206

OBM Integrative and Complementary Medicine 2020; 5(2), doi:10.21926/obm.icm.2002026

7.

8.

9.

10.

11.

12.

13.

14.

15.

16.

17.
18.

19.

Domínguez A, Velásquez SA, David MA. Can transdermal photobiomodulation help us at the
time
of
COVID-19?
Photobiomodul
Photomed
Laser
Surg.
2020.
doi:
10.1089/photob.2020.4870.
Fekrazad R. Photobiomodulation and antiviral photodynamic therapy as a possible novel
approach in COVID-19 management. Photobiomodul Photomed Laser Surg. 2020. doi:
10.1089/photob.2020.4868.
Weber M. Photodynamic low-level-laser-therapy (PDT) – new options in oncology. In: Bahr F,
Litscher G (eds). Laser acupuncture and innovative laser medicine. Bahr & Fuechtenbusch,
Munich, Germany; 2018. p. 147-151.
Litscher G, Litscher D. Scientific aspects of innovative laser medicine. In: Bahr F, Litscher G
(eds). Laser acupuncture and innovative laser medicine. Bahr & Fuechtenbusch, Munich,
Germany; 2018. p. 13-77.
Kingsley DH, Perez-Perez RE, Boyd G, Sites J, Niemira BA. Evaluation of 405-nm
monochromatic light for inactivation of Tulane virus on blueberry surfaces. J Appl Microbiol.
2018; 124: 1017-1022. doi: 10.1111/jam.13638.
Mirshafiee H, Sharifi Z, Hosseini SM, Yari F, Nikbakht H, Latifi H. The Effects of ultraviolet light
and Riboflavin on inactivation of viruses and the quality of platelet concentrates at laboratory
scale. Avicenna J Med Biotechnol. 2015; 7: 57-63.
Faddy HM, Fryk JJ, Watterson D, Young PR, Modhiran N, Muller DA, et al. Riboflavin and
ultraviolet light: Impact on dengue virus infectivity. Vox Sang. 2016; 111: 235-241. doi:
10.1111/vox.12414.
Makdoumi K, Hedin M, Bäckman A. Different photodynamic effects of blue light with and
without riboflavin on methicillin-resistant Staphylococcus aureus (MRSA) and human
keratinocytes
in
vitro.
Lasers
Med
Sci.
2019;
34:
1799-1805.
doi:
10.1007/s10103-019-02774-9.
Zhu L, Pan J, Wei C, Wang H, Xiang R, Zhang J, et al. The effectiveness of riboflavin
photochemical-mediated virus inactivation and changes in protein retention in fresh-frozen
plasma treated using a flow-based treatment device. Transfusion. 2015; 55: 100-107. doi:
10.1111/trf.12775
Jimenez-Marco T, Ruiz-Alderton D, Bautista-Gili AM, Girona-Llobera E. Role of riboflavin- and
UV light-treated plasma in prevention of transfusion-related acute lung injury. Transfus Med
Hemother. 2014; 41: 172-175. doi: 10.1159/000363205.
Gwynne PJ, Gallagher MP. Light as a broad-spectrum antimicrobial. Perspective article. Front
Microbiol. 2018; 9: 119. https://doi.org/10.3389/fmicb.2018.00119
Keil SD, Bowen R, Marschner S. Inactivation of Middle East respiratory syndrome coronavirus
(MERS-CoV) in plasma products using a riboflavin-based and ultraviolet light-based
photochemical treatment. Transfusion. 2016; 56: 2948-2952. doi: 10.1111/trf.13860
Lan KC, Litscher G. Robot-controlled acupuncture - an innovative step towards modernization
of the ancient traditional medical treatment method. Medicines. 2019; 6: 87.
https://doi.org/10.3390/medicines6030087

Page 135/206

OBM Integrative and Complementary Medicine 2020; 5(2), doi:10.21926/obm.icm.2002026

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

OBM Integrative and Complementary Medicine

Page 136/206

Open Access

OBM Integrative and
Complementary Medicine

Correction

Correction: Watts L, et al. Stakeholder Perceptions of Dignity Therapy
for Children and Young People with Life-Limiting and Life-Threatening
Conditions in the UK. OBM Integrative and Complementary Medicine
2020; 5: 19
Lucy Watts 1, Joanna Smith 2, Wilfred McSherry 3, 4, Michael Tatterton 5, Alison Rodriguez 6, *
1. Youth Ambassador Young People with Life-Limiting and Life-Threatening Conditions, School of
Healthcare, University of Leeds, Leeds, UK; E-Mail: lucyalexandriawatts@hotmail.co.uk
2. Associate Professor Child Nursing, School of Healthcare, University of Leeds, Leeds, UK; E-Mail:
j.e.smith1@leeds.ac.uk
3. Professor School of Nursing & Midwifery, Staffordshire University & University Hospitals of
North Midlands NHS Trust, UK; E-Mail: w.mcsherry@staffs.ac.uk
4. Part Time Professor VID University College, Norway
5. Nurse
Consultant
Martin
House
Hospice,
Wetherby,
UK;
E-Mail:
mtatterton@martinhouse.org.uk
6. Lecturer Child and Family Health, School of Healthcare, University of Leeds, Leeds, UK; E-Mail:
a.m.rodriguez@leeds.ac.uk
* Correspondence: Alison Rodriguez; E-Mail: a.m.rodriguez@leeds.ac.uk
Academic Editor: Leila Kozak
Special Issue: Integrative Therapies in Palliative Care
OBM Integrative and Complementary Medicine

Received: May 07, 2020

2020, volume 5, issue 2

Accepted: May 07, 2020

doi:10.21926/obm.icm.2002027

Published: May 08, 2020

The authors wish to make the following correction to the paper [1]. In the fifth paragraph of
Section 2. Introduction, where the authors cited from the article by Juliao, et al [2] (This reference
is cited as [21] in the original text), the sentence:
© 2020 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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Since the publication of our review, Juliao et al [21] have published their work on adapting the
DTQP for adolescent’s aged 10 to 18 years in Portugal. They have developed an amended DT set of
questions which could be used in practice for sick Portuguese adolescents. Although a five-stage
process of validation is detailed, the amended DTQP is not provided and so it is unclear as to
whether the new question format is aimed at those with typical/atypical cognitive development
and for what conditions. At this stage we therefore cannot be sure if the proposed DT is
appropriate for CYP in the UK with LLTC.
Should be changed to:
Since the publication of our review, Juliao et al [21] have published their work on adapting the
DTQP for adolescent’s aged 10 to 18 years in Portugal. They have developed an amended DT set of
questions which could be used in practice for sick Portuguese adolescents. A five-stage process
of validation is detailed, and the amended DTQP was explored via an ambulatory psychology clinic,
exploring CYP views, with success. However, it remains unclear if this new protocol would be
welcomed by CYP with LLTC and their families, as they were not directly involved in this evaluation.
It is also unclear as to whether the new question format would also be relevant for CYP with
atypical cognitive development and for CYP experiencing different LLTC with varied disease
trajectories. There may also be cultural and care differences in the UK that may influence
stakeholder perceptions on DT for CYP with LLTC. At this stage, we therefore cannot be sure if the
proposed DT is appropriate for CYP in the UK with LLTC. It is also our motivation for CYP with LLTC
to be involved via consultation work and later qualitative study, in the development and
adaptation of DT to meet their needs, from the outset.
These changes have no material impact on the discussion and conclusions of the paper. The
authors would like to apologize for any inconvenience caused to the readers by these changes.
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Abstract
Hypnosis is a modified state of consciousness widely used to decrease pain perception in
research protocols and clinical practice. In recent decades, hypnosis has been increasingly
proposed to patients to re-engage their resources and capacities to modulate pain and
emotional distress and to improve their treatment and recovery of well-being. Neuroimaging
research helps clinicians to understand better how hypnosis works in terms of brain
modulation. Hypnotic suggestions dramatically influence the self and environmental
consciousness networks as well as the attentional and somatosensorial networks. This
explains why the subjects feel disengaged from their external surroundings combined with
the modification of sensations related to their body and spontaneous thoughts. In this
review, we aim to articulate the clinical and neuroimaging findings related to hypnosis in the
context of perception of external (pain) stimuli. We intend to shed light on several
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mechanisms related to this specific modified state of consciousness that will help in
designing randomized and controlled studies in the future.
Keywords
Hypnosis; fMRI; EEG; pain; clinical application

Recent Insight on How the Neuroscientific Approach Helps Clinicians
Hypnosis is a therapeutic technique and an active experience focused on the abilities of the
patient. Hypnosis has three main components—absorption, dissociation, and suggestibility—that
go beyond simple relaxation, coping strategies, or placebo effects [1]. It includes cognitive and
behavioral components that allow patients to use their mind to influence their body sensations [2,
3]. Absorption, dissociation, and suggestibility form the basis for hypnotizability, i.e. the capacity of
the patient to be immersed in a hypnotic environment. The therapist may suggest this
environment, but a patient may also experience it during self-hypnosis without therapeutic
intervention. Precisely, hypnotizability is defined as an individual’s ability to experience suggested
alterations in physiology, sensations, emotions, thoughts, or behavior during hypnosis [4]. In this
article, we review the evidence of brain activity modulation during hypnosis and the growing
interest of clinical studies interesting hypnosis to improv conditions of patients.
1. Hypnosis, a Non-Ordinary State of Consciousness
During hypnosis, people may experience a range of phenomena, including increased absorption
and dissociation, as well as decreased self-agency and self-monitoring, reduced spontaneous
thoughts, and a suspension of space and time orientation. In previous studies, we observed that
participants reported greater dissociation and absorption and reduced spontaneous thoughts
during hypnosis, when compared to normal wakefulness and mental imagery [5, 6]. Although
hypnosis does not have a specific neural correlate, we can quantify its influences on brain activity
in different ways [7]. First, the neural activity of the two main consciousness networks,
self/internal and environmental/external, markedly changes during hypnosis. During the ordinary
conscious state, there is a negative correlation between environmental and self-awareness
subjective rate; additionally, there is brain activation related to these two types of awareness [8].
On the contrary, during hypnosis, subjects reported higher scores for self-awareness and lower
scores for environmental awareness (Figure 1) [6]. Concerning neuroimaging, the neural
counterpart of subjective modulation of feelings during hypnosis is still controversial and discussed
among researchers. There is reduced functional connectivity in the external control network
during hypnosis, linked to environmental awareness [5, 9]; however, modulation of the
self/internal control network is less clear. Some authors have found reduced connectivity in the
posterior midline and parahippocampal structures of the default mode network (DMN) involved in
self-related processing, combined with increased connectivity in its lateral parietal and middle
frontal cortex areas [5]. Others have reported increased activity in posterior regions of the DMN as
well as decreased activity in its anterior areas [10, 11]. Finally, some have shown reduced
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connectivity in DMN and increased activity in attentional/extrinsic systems in lateral prefrontal
regions [12, 13]. Thus, there is a lack of clarity regarding the modulation of resting-state networks
during hypnosis. Despite this, we can assume that hypnosis modifies the connection that an
individual has with himself and all the surrounding components, by modulating self and
environment awareness subjective and neural responses.

Figure 1 Neural correlates of the two components of consciousness,
internal/self-awareness in green and external/environmental awareness in yellow,
during the ordinary state of consciousness. The graph illustrates reports of subjects for
internal/self and external/environmental awareness during ordinary consciousness and
hypnotic states (bars represent medians). *: significant at p < 0.001, ns: not significant.
This figure was adapted from Demertzi et al. and Vanhaudenhuyse et al. [6, 8].
Researchers have used functional magnetic resonance imaging (fMRI), electroencephalography
(EEG), and event-related potential (ERP) studies to decode cognitive processes under hypnosis.
EEG reports are inconsistent, making it difficult to conclude a single EEG signature of hypnosis (EEG
rythms in ordinary consciousness are illustrated in Figure 2). Some studies reported an increase in
alpha rhythms and theta activity, while others have found a decrease in theta activity during
hypnosis (for a review, see [14]). An EEG case study on a highly hypnotizable subject reported
specific decreases in beta, delta, and gamma amplitudes. This indicates increased independence of
brain processes to maintain a state of alertness. The same study also reported an increase in theta
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and alpha amplitudes, mostly in occipital areas, reflecting the intensification of attentional
processes [14]. The authors hypothesized that the subject could be in a relaxed state during
hypnosis, along with a state that facilitated information processing. Others reported an increase in
alpha activity, consistent with enhanced relaxation, and a reduction in visual activity, specific to the
hypnotic state [15]. Some studies demonstrated a reduction in the ERP response during the
hypnotic procedure, suggesting diminution of perception of stimuli, whereas other studies failed
to detect such changes in ERP responses [1, 16].

Figure 2 Illustrative examples of EEG rhythms.
The efforts to understand hypnotic phenomena usually contrast with the responses across the
levels of hypnotic susceptibility, also called hypnotizability. Hypnotizability is the individual’s ability
to experience suggested alterations in physiology, sensations, emotions, thoughts, or behavior
during hypnosis [17]. It ranges from low to high, depending on the recruitment of attentional
networks [18]. It is usually assessed by a protocol encompassing induction and suggestion,
followed by evaluation of the number of suggestions an individual successfully experiences and
reports after the hypnotic induction procedure [19]. Recently, we reported that it is possible to
identify low and highly hypnotizable subjects, without any specific suggestion (i.e., neutral
hypnosis). We achieved this by considering the dissociation score in the same way that is
categorized by a traditional standardized scale [20]. Some authors demonstrated that training in
self-hypnosis, relaxation, or neurofeedback improves the level of hypnotizability [21]. Structural
MRI studies have revealed anatomical differences in brain structure size in frontal areas between
low and highly hypnotizable subjects [22, 23]. Additionally, they revealed a larger rostrum of the
corpus callosum in highly hypnotizable subjects than in subjects with low hypnotizability [24]. The
corpus callosum is involved in the allocation of attention and transfer of information between
prefrontal cortices. Therefore, the authors suggested that highly hypnotizable subjects might have
more effective frontal attentional systems that implement control, monitor performance, and
Page 143/206

OBM Integrative and Complementary Medicine 2020; 5(2), doi:10.21926/obm.icm.2002028

inhibit unwanted stimuli from conscious awareness [24]. However, this claim needs to be
confirmed by other studies. One study reported greater grey matter volume in the medial frontal
cortex and anterior cingulate cortex (ACC) combined with lower connectivity in the DMN during
hypnosis. They hypothesized these to facilitate greater hypnotic depth [23]. In addition to these
structural findings, a functional MRI study revealed differential processing between low and highly
hypnotizable subjects. First, in contrast to the low hypnotizable subjects, those with high
hypnotizability seemed to have greater functional connectivity between the left dorsolateral
prefrontal cortex and the salience network; the former is involved in executive control processing,
and the latter is involved in detecting, integrating, and filtering relevant somatic and emotional
information [25]. However, this study lacks congruence in coupling executive and salience
networks with structural correspondences in highly hypnotizable subjects [25]. Hypnotizability is
positively correlated with functional connectivity between the posterior cingulate cortex and
precuneus, and both the lateral visual network and the left frontoparietal network [22]. A positive
correlation also exists between the executive control network and the right postcentral parietal
cortex [22]. A negative correlation exists between the right frontoparietal network and the right
lateral thalamus [22]. Other studies showed that the highly hypnotizable subjects recruited more
of their right inferior frontal gyrus, whereas the low hypnotizable subjects recruited of their
parietal cortex and ACC, during selective attention conditions (even outside of hypnosis). These
regions are more connected to the DMN in highly hypnotizable subjects [18]. Based on these
results, the authors hypothesized a close dialogue between internally and externally driven
processes that may permit higher flexibility in attention and underlie a greater ability to dissociate
in those individuals. Finally, Egner et al. displayed that highly hypnotizable subjects are
characterized by an increased ACC activation during a congruent/incongruent attentional task,
after a hypnotic induction [26]. They suggested that these results indicated an alteration in the
attentional efficiency of their subjects as compared to baseline and low hypnotizable subjects.
Studies have revealed higher theta power in highly hypnotizable subjects, especially in the
frontal and temporal areas [15, 27] as well as in the left parietal and occipital regions [28]. Also,
highly hypnotizable subjects showed a significant difference in the EEG phase synchronization in
the delta, theta, and beta bands (mostly in the frontal lobe), compared to medium or low
hypnotizable subjects [29]. Mismatch negativity (MMN) is a negative component of ERP elicited by
any change or ‘mismatch’ in the sequence of monotonous auditory stimuli in inattentive subjects.
Studies have used MMN to evaluate the attention deficit toward auditory stimuli during hypnosis.
MMN was larger in hypnosis compared to the baseline condition, reflecting enhancement of
pre-attentive processing related to hypnosis condition [30, 31]. However, it was also larger in
subjects with low hypnotizability, suggesting that MMN could not be attributed to distinctive
hypnotic processes, despite its relation to the hypnosis condition [30]. These results can be
discussed with the findings where MMN amplitude decreased only in the highly hypnotizable
subjects during amusia hypnotic suggestions (i.e., inability to recognize melodies or rhythms),
whereas subjects with low hypnotizability displayed no difference [32]. Others found no evidence
for the effect of hypnosis on MMN amplitude in highly hypnotizable subjects [33]. The hypnotic
suggestion of alexia (i.e., incapacity to read, as measured with a Stroop task) modulated the late
positive complex amplitude. This amplitude was greater for congruent conditions (e.g., the word
“yellow” inked in yellow) than incongruent conditions (e.g., the word “blue” inked in green) in
subjects with high hypnotizability [34]. Altogether, these results show that hypnosis somehow
Page 144/206

OBM Integrative and Complementary Medicine 2020; 5(2), doi:10.21926/obm.icm.2002028

modulates attentive auditory and visual mechanisms. However, some discrepancies appear
between studies, and we need to interpret the results carefully since the number of subjects
included is limited. Finally, the application of low frequency repetitive transcranial magnetic
stimulation (rTMS) to the left dorsolateral prefrontal cortex enhanced subjective response to
hypnotic suggestions, supporting theories postulating that diminished function in the frontal
cortex is related to hypnotic response [35].
Theories about hypnosis are usually related to top-down processes and self-related
mechanisms of modulation. Landry, Lifshitz, and Raz [36] proposed a meta-analysis that details
processes related to these theories and gives a unique explanation of hypnosis brain mechanisms
that remain challenging. However, most studies reported the involvement of the insula, ACC
(involved in the salience network), prefrontal, posterior parietal areas (involved in the central
executive network), medial prefrontal and lateral parietal cortices, midline structures, and
parahippocampal areas (involved in the DMN). According to the authors, modulation of these
brain areas is related to several processes observed during hypnosis—(a) focused attention on
suggestions and absorption possibly allowing subjects to develop vivid imaginary experiences, (b)
modification of sense of control related to automaticity, (c) integration of internal and external
information resulting in modulation of self and environmental awareness, and (d) decrease of
mind-wandering.
2. Hypnosis in Medicine and Surgery: the Origins of Interest in a Neuroscientific Approach
2.1 Hypnosis as a Support for Sedation
The development of hypnosis as a scientific endeavor has occurred within the last two
centuries. The documented use of hypnosis as an adjunct to surgery dates back to the 1830s; Jules
Cloquet performed a mastectomy, and John Elliotson performed major surgical procedures with
hypnosis as the only anesthetic technique. James Esdaile, a famous surgeon, worked in India and
published more than 300 major surgical cases under hypnosis. He observed that the use of
“mesmerism anesthesia” decreased surgical shock, improved morbidity, and decreased the
mortality rate during surgery from 40% to merely 5% [37]. The medical establishment showed a
great deal of hostility toward this promising surgical approach, censuring it. Almost simultaneous
to Esdaile’s reports, the discovery of ether in 1846 and chloroform in 1847 suppressed the interest
in psychological mechanisms of pain reduction as well as in utilizing the patient’s abilities as an
influencing factor in recovery. Hypnosis subsequently became discredited, whereas inhaled
anesthetic agents were rapidly adopted. During the 19th century, Carpenter and Tuke were among
the first to draw attention to the mind’s ability to interact with the body and to alter perceptions
and feelings. Likewise, Moll and Forel argued that hypnosis had important medical and therapeutic
applications [38]. Since the end of World War II, interest in the clinical application of hypnosis has
been waxing and waning. It was used sporadically as a complementary technique rather than an
alternative to general anesthesia. Anesthesiologists paid little attention to hypnosis until 1955,
when the British Medical Association accepted hypnosis in the management of acute pain [39].
More recently, there is a renewed interest in hypnosis due to the trend toward greater
prominence of conscious sedation during surgery. Several studies have described the effects of
hypnosis during surgery. It may be used more often in conjunction with local anesthesia and
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analgesics. The usefulness of hypnosis in the relief of pain was demonstrated early in the 19th
century before the introduction of chemical anesthetics. Major operations, often limb
amputations, were performed painlessly with “a mesmeric trance” as the only anesthetic; the term
“hypnosis” was introduced later *37+. Since 1992, hypnosedation has been used to perform
surgeries in Liège, Belgium. Hypnosedation is a technique combining hypnosis with light conscious
intravenous sedation and local anesthetic drug [40]. The University Hospital of Liège was a pioneer
in elaborating retrospective and prospective randomized studies comparing general anesthesia
and hypnosedation in a surgical setting [40–46]. Firstly, it is important to note that hypnosis should
be considered as a tool to be used with discrimination in surgical settings, only when
circumstances are appropriate. The exclusion criteria for hypnosedation are psychopathology,
deafness, and allergies to local anesthetics. Adherence and motivation of the patient, surgeon, and
all the medical staff present during the surgery are also of the highest importance for this
procedure. Hypnosedation can be used in various situations—thyroid surgery, endovascular
procedures, breast and prostate biopsy, colectomy, hysteroscopic placement of implants for
sterilization, tooth extraction, skin tumor removal, childbirth, glioma surgery, and burn dressing
changes [9]. This technique is associated with improved peri- and post-operative comfort as well as
with better conditions during the performance of surgery compared to general anesthesia. Studies
revealed that hypnosedation is associated with reduced anxiety, emotional distress, pain, and
nausea, as well as diminished intraoperative requirements for anxiolytic and analgesic drugs. Some
authors also demonstrated a faster recovery with a significant decrease in the delay before
restarting professional activity [42]. A recent study highlighted that prostate cancer patients
receiving brachytherapy under hypnosedation reported reduced need for medication, shorter
duration of urinary catheter use, and quicker recovery compared to patients receiving the therapy
under general anesthesia [47]. In addition, a non-randomized study showed the potential benefits
of hypnosedation on post-mastectomy chronic pain [48]. Meta-analysis highlighted several
benefits of hypnosis in surgery. It was an effective adjunctive technique for a wide variety of
surgical procedures. The patients in hypnosis groups had better outcomes than other patients.
There were no differences between the methods of hypnotic induction. Positive effects were
observed for emotional distress and medication consumption [49, 50]. In addition, a hypnotic
suggestion for pain relief was equally effective in reducing pain in both, clinical and experimental
setups. Therefore, it may be an effective and safe alternative to pharmacological intervention [51,
52]. Finally, a recent meta-analysis highlighted the analgesic effect of hypnosis for acute pain
perception, efficacy modulation due to the subject’s hypnotic suggestibility as well as the use of
direct analgesic suggestion. It also revealed that hypnotic intervention could deliver meaningful
pain relief for most people and may be an effective and safe alternative to pharmacological
intervention [52].
2.2 Hypnosis during Childbirth and Labor
The history of hypnosis in the clinical setting is notable for its early adoption in procedures
relating to childbirth. The 20th century witnessed several such case reports in Europe, peaking in
the 1950s. In this context, hypnotic suggestions focused on increasing feelings of safety, relaxation,
and comfort, reframing the experience from one of pain to one of achievement, and potentially
developing sensations of anesthesia such as numbing [53]. However, improvements in
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pharmacological analgesia in obstetric care in the 1960s led to the decline of hypnosis. Fortunately,
in the past decades, various complementary medicines, including hypnosis, have gained renewed
popularity for assisting women during labor and childbirth [54]. Hypnosis assisted women in
coping with physical and psychological symptoms during pregnancy, labor, and the postpartum
period. In particular, it can lead to decreased nausea and hyperemesis gravidarum, reduced
epidural and surgical intervention, pain relief, shorter length of labor, increased postpartum
psychological well-being, and decreased postpartum depression [55]. A randomized controlled
study conducted on over 1000 women demonstrated a significantly better childbirth experience,
including decreased pain, in women who learned self-hypnosis compared to groups undergoing
relaxation and standard care [56]. During pregnancy, hypnosis aided to reduce stress, anxiety,
depressive symptoms, and nausea and vomiting [55, 57, 58]. These studies highlight that
non-pharmacological approaches, such as hypnosis, can facilitate enhanced feelings of satisfaction,
competence, and control in women. A meta-analysis of randomized trials with a total of 2954
women showed that hypnosis may reduce the overall use of analgesia during labor, but not
epidural use. Also, it did not find clear differences between women using hypnosis and those who
did not with respect to satisfaction with pain relief and a sense of coping with labor or birth [54].
2.3 Hypnosis to Relieve Pain in Severely Burned Patients
Hypnosis has also significantly benefited patients with severe burns in the alleviation of pain
and anxiety, particularly during care procedures (i.e., removal of dressings, washing, debridement,
and application of new dressings) [59]. While pharmacological approaches are recommended as a
first-line treatment for procedural pain, studies reported that some patients did not benefit from
medication or still experienced significant pain despite medication use [60]. Studies demonstrated
that pain and anxiety perception decreased during dressing changes when hypnosis was used in
adult and pediatric patients [61, 62]. A recent randomized, double-blind, controlled study
evaluated the efficacy of hypnosis in significantly reducing the quality of background pain (i.e.,
burning or throbbing discomforts which affect patients daily while resting) and pain anxiety (i.e.,
pain-related anticipatory anxiety) in burned patients [63]. When integrated into their pain
management procedures, hypnosis also improved opioid efficacy and wound outcomes of burned
patients, while reducing hospital costs [64]. In addition, the integration of this technique in care
significantly reduced the stress of nurses, when facing patients who are in pain, disoriented,
agitated, and anxious during post-burn care [65].
2.4 Hypnosis to Manage Chronic Pain
Hypnosis may be effective in reducing short- and long-term headaches in migraine sufferers
[66]. In addition, self-hypnosis combined with self-care activities may benefit chronic pain patients,
in a variety of biological, psychological, and social dimensions. When compared with physiotherapy
or psychoeducation treatments, six sessions of self-hypnosis/self-care treatment decreased pain
intensity, pain interference, anxiety, and depression with an improved quality of life [67].
Self-hypnosis/self-care intervention in chronic pain patients led to significant modifications in
coping strategies due to the observed benefits [68]. A meta-analysis focused on hypnosis effect in
fibromyalgia (6 controlled trials; 239 patients) concluded that hypnosis is effective in relieving both
pain and sleep problems [69]. Another meta-analysis (12 clinical studies; 669 patients) revealed
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that hypnosis is moderately more efficacious than standard care or psychological intervention,
specifically for adult patients not suffering from headaches [70].
2.5 Hypnosis in Oncology
In 2017, a meta-analysis concluded that hypnosis was not rigorously studied with randomized,
controlled trials in oncology [71]. This pushed some researchers to conduct robust studies to
assess the potential of hypnosis in this particular clinical context. Initial studies in oncological
patients showed that hypnosis is more efficient in relieving pain than other interventions, such as
yoga or cognitive-behavioral therapy [72–74]. Hypnosis in oncology has also shown efficacy in
helping patients to cope with sleep disturbances and management of stress, anxiety, and grief [75].
Besides, the gender of patients could influence these positive effects, although these observations
need to be tested on a larger population [76]. Finally, a recent pilot study demonstrated the
feasibility and personal interest in learning self-hypnosis for children with cancer and their parents
[77].
2.6 Hypnosis and Dental Care
The field of dentistry showed an increased interest in the hypnosis much later. The technique
can be used to reduce anxiety in phobic patients as well as to reduce pain and anxiety during
dental surgery. Case reports and controlled studies have displayed several positive effects of
hypnosis in dentistry—prevention of avoidance behavior and lack of dental treatment, reduction
of extreme fear, anxiety, and pain, reduction in bleeding during tooth extractions, and more
effective healing of wounds [78–81].
There are a plethora of clinical reports on the beneficial effects of hypnosis on patients. Despite
this, scientists need neurophysiological studies to shed light on the central mechanisms of
hypnosis. In the further sections, we summarize the literature to explain how this modified state of
consciousness allows individuals to modify their perception of external stimuli.
3. Hypnosis to Alleviate Acute Pain—A Neurological Perspective
Improvements in functional neuroimaging have allowed researchers to articulate objective
evidence of hypnotic procedures to reduce pain. Painful stimuli activate several brain regions
called the pain matrix—the primary (S1) and secondary (S2) somatosensory cortices, the insular
cortex (IC), the ACC, and thalamic nuclei—modulating the perception of pain [82]. There are
numerous, widely heterogeneous ways to study pain reduction during hypnosis. Methods used to
produce painful simulation include high temperature, laser, and nerve stimulation; methodologies
used include positron emission tomography (PET) and fMRI; protocols employed are presence or
absence of baseline, a hypnotic suggestion for increased or decreased pain, and mental imagery.
Various studies have proven that hypnosis has a direct effect on the pain neuromatrix. Painful
stimulation in a normal, alert state resulted in brain activation within a network encompassing
cortical and subcortical brain areas, namely, ACC, premotor, dorsolateral, prefrontal, primary
somatosensory and bilateral insular cortices, thalamus, bilateral striatum, and brainstem. However,
the same painful stimulus perceived under hypnosis failed to elicit any cerebral activation [83]. The
modulatory effect of hypnosis was shown to be mediated by an increased modulation of the ACC
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and a cortical and subcortical network, encompassing prefrontal/superior frontal gyrus, insular,
and pregenual cortices, pre-SMA, thalami, striatum and brainstem in the context of hypnosis [84–
87] (Figure 3). In addition, there exists a hypnosis-related increase in functional connectivity
between the primary somatosensory cortex (S1) and the anterior insular and prefrontal cortices
[83]. Other studies reported that only specific suggestions of increased or decreased
unpleasantness changed the pain ratings, in association with modulation of the ACC activity and
modulation of pain unpleasantness [86]. A meta-analysis of functional neuroimaging studies of
pain perception under hypnosis identified that analgesic suggestion is associated with an increase
in the activation of right lateralization in the ACC and insula and a decrease in the midline thalamic
nuclei [88]. Using specific hypnotic-focused analgesia (i.e., local analgesia produced during deep
hypnosis by focusing attention on a mental image of the absence of pain [89]), a recent study
showed that during hypnosis the sensory component of pain (related to S1, S2, insula, and parietal
operculum) was reduced more than the affective component (related to ACC, amygdala,
hippocampus, hypothalamus and temporal cortex)[89]. Other studies demonstrated additional
effects of hypnosis modulation on the affective component of pain. This discrepancy could be
explained by the script used for the suggestions of analgesia. Conversely, other studies showed
that suggesting painfulness in the absence of actual pain stimulation activates brain areas
associated with activation of the brain’s pain circuit, similar to real pain stimulation *90, 91+.

Figure 3 The pain modulatory effect of hypnosis is mediated by an increased
modulation of the anterior cingulate cortex and a cortical and subcortical network,
encompassing the prefrontal/superior frontal gyrus, insular, and pregenual cortices,
pre-supplementary motor area (pre-SMA), thalami, caudate nucleus, and brainstem.
This figure was adapted from an earlier study [92].
Pain modulation during hypnosis can be understood concerning the specific role of some brain
areas involved in pain perception processing. Firstly, studies have shown that the ACC is related to
coding of the intensity of noxious stimulation, opposing pain/avoidance and reward/approach
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functions, somatosensory processing, fear, and the anticipation of pain [7]. Secondly, there is
reported increased functional connectivity during hypnosis between the mid-cingulate cortex,
thalamus, and brainstem [87, 93]. This might be related to pain-relevant arousal or attention
mechanisms. Thirdly, the reported decreases in premotor cortex activation in hypnosis suggests
that hypnosis may diminish anxiety, defensive, and emotional reactions to pain by reducing
activation of both cortical and subcortical areas [94]. Besides, the increased modulation of activity
in the insula is related to its role in the pain affect and pain intensity coding [95]. Finally, frontal
activity modulation may reflect disruption in the cognitive attentional, appraisal, and memory
systems that can influence the perception of environmental stimulation during hypnosis [83, 84].
EEG and ERP studies are key to understand sensorial and pain processing during hypnosis. They
allow recording of the fast succession of brain events associated with the administration of sensory
stimuli. A study tested whether hypnosis affects the early (sensory processing) or the later
(affective integration) stages of sensorial processing. The researchers found reduced activity of the
early (N20) and the late (P100, P150, P250) components in brain areas including S1 (N20), S2
(P100), right anterior insula (P150), and cingulate cortex (P150/P250) [96]. They suggested that
hypnosis modulation of pain perception is reflected in both, somatosensorial processing with
decreases in N20 (i.e., first stages of pain cerebral processing) and affective and conscious
processing with decreases in P150 (related to somatosensory conscious perception), P100
(prerequisite for consciousness) and P250 (later stage of somatosensory perception associated
with the affective integration of the stimulation). Other studies also reported a decrease in
amplitude for the P250 component during hypnosis and painful stimulation [97]. Another study
showed that a hypoalgesic hypnotic suggestion induced a decrease in amplitude in highly
hypnotizable subjects. Similarly, it reported an increase in amplitude by a hyperalgesic suggestion
of both, N140 (mainly in left frontal and frontocentral areas) and P200 (left frontocentral, central,
and bilateral centroparietal and parietal areas) waves [98]. These results could be explained by an
enhanced capacity of subjects to focus their attention to form the mental images designed to
reduce/amplify pain sensations during hypo/hyperalgesia. Finally, magnetoencephalography
(MEG) during hypnosis revealed a reduction of activity in the beta band around 214–413 ms post
non-painful stimulus mainly in the right insula, combined with a reduction in the alpha band
around 253–500 ms in the left inferior frontal gyrus [99].
Regarding hypnosis for pain modulation, higher hypnotic suggestibility correlated with greater
relief from hypnotic intervention. Although, subjects with medium suggestibility also obtained
significant relief from hypnosis [100]. We need to note that only 20–30% of individuals score either
high or low in hypnotizability [36]. Thus, high hypnotic suggestibility is not necessary for successful
hypnotic pain intervention.
Together, these results may indicate that brain modulation reported during hypnosis could
reflect an alteration of afferent somatic perceptions in the process of cognitive-based pain control.
They also suggest that highly hypnotizable subjects may have a specific capacity to enhance
disengagement regarding sensorial information.
4. Neuroimaging to Explain the Clinical Benefits in Patients
A growing body of literature is focusing on the brain activity counterparts to clinical reports of
patients who benefited from hypnosis. As discussed earlier, patients with different etiologies
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reported subjective positive effects of hypnosis. PET studies in chronic pain patients under
hypnosis reported modulation of activity in the bilateral cingulate gyrus, right thalamus, left
inferior parietal cortex, bilateral PCC, anterior cingulate gyrus, and insula [101, 102]. An fMRI study
in fibromyalgia patients highlighted greater activation in the cerebellum, anterior ACC, anterior
and posterior insula, and inferior parietal cortex correlating with reported changes in pain after
hypnotic suggestions [103]. A similar study in patients with temporomandibular disorder reported
activation in the posterior insula related to hypnotic suggestions of pain reduction [104]. With a
hypnotic suggestion, pain matrix activation decreased in fibromyalgia patients similar to healthy
control subjects [105]. ERP studies illustrated how hypnosis modulates brain function in chronic
pain patients. First, in chronic pain patients under hypnosis, the differences in ratings of pain
intensity and unpleasantness were accompanied by decreased N2–P2 components [106]. A pilot
study in multiple sclerosis patients with chronic pain supported an interest in additional
techniques to enhance responses to hypnosis treatment. This was in addition to the enhanced
benefits of hypnosis treatments observed with neurofeedback and mindfulness on subjective
variables, such as pain intensity, pain interference, pain acceptance, sleep, and depression.
Hypnosis, combined with other techniques, impacted the EEG brain responses, mostly delta, theta,
beta, and gamma rhythms [107]. Some authors proposed to study electrical brain activity before
hypnotic treatment to predict its usefulness in modulating pain in spinal cord injury patients. Theta
activity immediately before treatment was positively associated with response to hypnosis, with
higher levels of it prospectively predicting subsequent pain reduction with the hypnosis procedure
[108]. These results have implications for enhancing response to pain treatment by either better
patient/treatment matching or influencing brain activity before treatment.
Few neuroimaging studies have been conducted with other populations of patients. People who
suffer from dental phobia display symptoms that make dental treatments difficult or impossible;
hypnosis is, therefore, used as an alternative intervention. An fMRI study reported that during
hypnosis, dental phobia patients showed a significantly reduced activation in the left amygdala,
bilateral ACC, insula, and hippocampus (involved in fear processing) [109]. Researchers observed
patients undergoing a mastectomy and sentinel node biopsy with a combination of self-hypnosis
and local sedation (i.e., hypnosedation). They reported complex changes in brain electrical activity
measured with the bispectral index (BIS) [110] and an increased EEG activity in occipital regions
related to visual imagery [111].
5. Conclusion
In the context of clinical practice, there is growing evidence of interest in hypnosis for pain
management in various populations of patients. Although higher hypnotic suggestibility correlates
with greater pain relief, people with medium suggestibility also manage pain better through
hypnosis. Regarding the small proportion of the population (20–30%) considered having low
suggestibility, there are no guidelines suggesting a clear strategy to be adopted. In our clinical
experience, we never test hypnotizability before practicing hypnosis in either surgical contexts or
the management of chronic diseases. Thus, we conclude that even low hypnotizable patients can
gain benefits from hypnosis. The specific context of surgery allows anesthesiologists to increase
the comfort of patients by administrating intravenous analgesic drugs in addition to hypnosis
suggestion. Until now, no one has investigated whether low hypnotizable patients require
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increased analgesic drugs. However, additional non-pharmacological techniques, such as hypnosis
combined with virtual reality, could potentially improve the efficacy of hypnosis for such patients.
Studies are needed to validate this hypothesis in clinical practice. Neuroimaging research
drastically increases our understanding of how hypnosis modulates pain and emotional distress in
these patients. Hypnosis modifies brain activation as well as brain functional networks. These
networks may be involved in self and environmental awareness (DMN and external control
network), attentional processing (dorsolateral prefrontal cortex), anxiety processing (amygdala),
and sensorial external stimulation (somatosensorial cortices, insula, ACC). These observations may
be the first pieces of a rather intricate puzzle of the complex mind-body relationship mechanisms.
Through these first studies, hypnosis has acquired a legitimate position in academic and medical
fields, as a recognized modified state of consciousness with a specific, complex neural signature.
Future research should explore more robust studies designed with randomized and controlled
paradigms on larger cohorts to characterize the complexity of this social, cognitive,
neurobiological, and interpersonal state of consciousness and its clinical applications.
Finally, a few clinical studies have assessed the effects of the type of hypnotic suggestion on the
subjective feelings of individuals. One study reported that hypnosis combined with analgesia
suggestion was more effective than hypnosis combined with relaxation suggestions in decreasing
pain in 45 chronic pain patients [112]. Globally, positive suggestion to improve comfort leads to
decrease in pain [113]. But, we still need comparative studies on large cohorts of patients to
clarify which suggestions are more effective than others in the clinical context. Notably, some
experimental studies conducted with healthy subjects demonstrated that the type of suggestion
could differently affect pain perception [95, 114]. Also, the current research lacks consistent
testing of the effects of hypnosis on resting-stage brain networks. Some researchers used pleasant
autobiographical memories as a hypnotic suggestion [5, 115], while another used neutral hypnosis
[10]. Thus, research in hypnosis lacks rigorous studies using large samples and randomized,
controlled designs. Studies of this kind, comparing different types of hypnotic suggestions, would
help us understand how different types of suggestions affect the global consciousness status,
subjective reports, and pain perception in healthy volunteers and patients.
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Abstract
Since Charcot [1], researchers and theorists have associated hypnotic responsiveness with
dissociation. However, contemporary researchers have typically not documented impressive
or statistically significant correlations between the most commonly used measure of
dissociation, the Dissociative Experiences Scale-II [2, 3] and hypnotic responsiveness. We
examined the ability of two measures of non-pathological dissociation, which have received
scant attention in the hypnosis literature, the Wessex Dissociation Scale (WDS; [4]) and the
Dissociative Processes Scale (DPS; [5]), in the context of a broader investigation of predictors
of hypnotic responsiveness including expectancies, fantasy-proneness, absorption, and an
index of more serious dissociative experiences and symptoms in a sample of undergraduate
students. Scales of non-pathological dissociation and most measures of pathological
dissociation did not correlate significantly with hypnotic responsiveness; however, stepwise
regression analyses predicting HGSHS:A behavioral and subjective scores retained the
Detachment factor of the DPS in the final model, along with expectancies and absorption.
We present our findings in the context of a broader discussion of dissociation and hypnosis.
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1. Introduction
Dissociation has been characterized as a “disruption in the usually integrated functions of
consciousness, memory, identity, or perception of the environment” (DSM-5; [6]). Dissociation
occurs in everyday life and may be as prosaic as intense absorption in everyday experiences, such
as appreciating the beauty of a sunset, or in cases of "highway hypnosis," in which attention is
focused, often to the exclusion of one's surroundings and minimal, if any, attention is devoted to
behavioral enactments while behaviors unfold in a seemingly automatic fashion [7, 8]. Apart from
these normative experiences, dissociation can be manifested in serious dissociative symptoms in
dissociative disorders, such as depersonalization/derealization disorder, dissociative amnesia, and
dissociative identity disorder (formerly multiple personality disorder).
Since Charcot [1], researchers and theorists have associated dissociation, as a trait-like
attribute, with hypnosis, although attempts to predict hypnotic responsiveness based on
personality traits have been mostly unsuccessful, and the search for reliable and appreciable
correlates of hypnotic suggestibility, including dissociation, has proved elusive [9-12]. Hypnotic
suggestibility is a multifaceted construct, which may be affected by numerous individual
difference and contextual variables, including the capacity and willingness to use imaginative
abilities, personal beliefs and expectations, rapport with the hypnotist, and motivation to respond
[13, 14]. Two popular theories of hypnosis -- Hilgard’s [15] neodissociation theory and Woody and
Bowers’ [16] dissociated control theory -- assert that hypnotic responding results from a division
of consciousness akin to dissociation or a fractionation of cognitive and behavioral systems of
control and overall executive control. These theories contend that hypnosis activates dissociative
processes that enhance hypnotic responsiveness and imbue them with a sense of nonvolition or
lack of personal agency [17-19].
If dissociation lies at the heart of hypnotic responding, then we would expect measures of
dissociation and hypnosis to be positively associated. Earlier investigations linked hypnotizability
and dissociation within clinical samples [20], including the observation that patients who suffered
from dissociative disorders were highly hypnotizable [21, 22]. More recently, Dell [23] has argued
that “at the level of diagnostic groups hypnotizability and dissociation are sometimes ... robustly
related” (p. 68). Vanhaudenhuyse and colleagues [24] reported a modest correlation of r=.39
between performance on the Stanford Hypnotic Susceptibility Scale, Form C (SHSS:C; [25]) and
responses to a single question assessing the degree to which participants "...felt a dissociation
between your bodily sensation and the actual environment" (p. 30), administered just a few
minutes after a “neutral hypnosis” exercise. However, ratings between medium and low
suggestible participants did not differ significantly. When well validated self-report inventories of
dissociation and standardized assessment of hypnotic ability are employed, researchers typically
find small yet sometimes statistically significant correlations between the two constructs [10,
26-28].
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Bernstein and Putnam's [2] Dissociative Experiences Scale (DES; and the DES-II, [3]) is the most
commonly used measure to assess the frequency of dissociative experiences. The correlation
between the DES and hypnotizability typically hovers around r=.20 [29-31] and may be affected by
the testing context (i.e., whether both scales are completed in the same testing session or in
different, purportedly unrelated sessions; [10, 32]), such that the correlation of the DES with
measures of hypnotizability decreases to near zero when the measures are administered in
independent testing contexts [18]. Given that the DES was originally designed to measure
dissociation within clinical samples, it is not surprising that the distribution of scores is often
heavily skewed toward the low end in non-clinical samples, which may account, at least in part, for
the lack of meaningful association observed between the DES and hypnotizability [30].
With college student samples, DES total scale scores may not capture possible links between
non-pathological dissociative tendencies and hypnotic responsiveness. For example, using a
‘present state’ (vs. trait) measure of non-pathological dissociation, Cleveland and colleagues [33]
administered the State Scale of Dissociation (SSD; [34]) before and after a hypnotic induction from
the Harvard Group Scale of Hypnotic Susceptibility: Form A [35]. Consistent with their predictions,
they observed that “a robust change in state dissociation occurs as a result of the hypnotic
process” and argued that their findings “provide support for the existence of a positive
relationship between hypnosis and dissociation” (p. 206-207). Maxwell et al. [36] reported that
while trait dissociation (DES) was not associated with hypnotic responsiveness, highly suggestible
participants reported more state depersonalization than less suggestible participants. Perhaps
dissociative state-like experiences during hypnosis, which are associated with hypnotic
responding, could be explained in terms of eye closure, relaxation, and general detachment from
the environment associated with a focus on suggested events, rather than explained by a trait-like
attribute of dissociation.
Nevertheless, other dissociation scales might exhibit higher correlations between hypnotic
responsiveness and dissociation and better reflect the influence of trait-like attributes. Indeed,
researchers have developed a number of other scales, such as The Wessex Dissociation Scale
(WDS; [4]) and the Dissociative Processes Scale (DPS; [5]), to assess non-pathological variants of
dissociation. However, these scales have received scant attention in the context of hypnosis
research.
The present study is the first to examine the correlates of these scales with behavioral and
subjective responsiveness to a standardized assessment of hypnotic susceptibility, alongside the
widely used DES and a measure of more serious dissociative symptoms and experiences, derived
from the DES (DES-Taxon scale; [37]). We also explored the relations among factorially derived
subscales of these measures, when available, as well as their links with hypnotizability, and
expanded our inquiry to encompass interrelations among these measures with absorption, fantasy
proneness, and expectancies regarding hypnotic responsiveness. Absorption and
fantasy-proneness, like dissociation, typically correlate with hypnotic suggestibility in the range of
r = .20 to r = .35 (see [11] for a review), although the link between absorption and hypnotizability
decreases when the measures are administered in independent contexts (reviewed in [38]).
An important goal of our research was to determine whether these self-report measures
accounted for variance in hypnotic suggestibility beyond that of expectancies, as previous
research has documented that expectancies correlate robustly with hypnotic suggestibility (see
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[11]). For example, Green and Lynn [39] reported that a 3-item expectancy measure correlated at
r = .53 with hypnotizability. The current research examined the correlates of different measures of
dissociation with hypnotic responsiveness in tandem with (a) other self-report trait measures (i.e.,
absorption, fantasy-proneness), which previous research has associated with hypnotizability to a
modest extent (see [11]) and (b) with expectancies to determine the variance that these measures
alone, and in combination, contribute to responsiveness to hypnotic suggestions. Finally, we
examined potential gender differences related to our findings.
2. Method
2.1 Participants
A total of 177 undergraduate students enrolled in introductory psychology classes at The Ohio
State University, Lima were invited to participate in a study on “personality and hypnosis.” We
excluded 5 students who reported that they were hypnotized before and 16 others with
significant missing data (e.g., skipped an entire page of the self-report assessment booklet). Final
data analyses were based on N=156 students who reported that they had not been hypnotized
before. Table 1 lists self-reported demographic information describing the sample. All participants
signed a consent form. The lead author’s local Institutional Review Board approved the study.
Participants received four course extra credit points in exchange for their participation.
Table 1 Demographic information.
Sample of Undergraduate Students

N=156

Age
Mean
SD
Gender
Female
Male
Race
Caucasian American / “White”
African American / “Black”
Latino American
Asian American
Other
Grade Rank
Freshman
Sophomore
Junior
(did not report rank)

19.08
2.24
81
75
141 (90.4%)
6 (3.8%)
2 (1.3%)
2 (1.3%)
5 (3.2%)
132 (84.6%)
14 (9.0%)
7 (4.5%)
3 (1.9%)
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2.2 Materials
Wessex Dissociation Scale (WDS: [4]). Based on Beck’s [40] cognitive theory of personality, the
WDS assesses the frequency of “decoupled” mental processes. The 40-item WDS addresses a
wider range of less severe symptoms of dissociation than other scales, and, accordingly, “may
provide a better reflection of the full spectrum of dissociation than the DES-II” [4]. The authors
reported a r=.80 and .65 across clinical and non-clinical samples between the WDS and the DES.
The authors of the scale also reported positive correlations between scores on the WDS and scales
measuring anxiety and somatization. Sample WDS items include: “I find myself unable to think
about things no matter how hard I try;” “Unwanted memories come into my head;” and, “My
personality is very different in different situations.” Participants selected one of six options
(ranging from 0 to 5 and anchored with the following terms: Never, Rarely, Sometimes, Often, Very
Often, or All the time). High scores on the WDS indicate greater dissociative experiences. A total
scale score reflects the item mean for the entire scale, with higher scores reflecting greater
dissociative experiences. Kennedy et al. [4] found high internal consistency across the WDS items
(Cronbach alphas of .95 and .90, across clinical and non-clinical samples). Internal consistency
values for all measures in the current study are presented in Table 4.
Dissociative Processes Scale (DPS; [5]). The 33-item DPS assesses normal-range dissociative
tendencies within non-clinical populations. The items are positively keyed with a response format
consisting of the following options: 1=strongly disagree; 2=disagree; 3=neutral or cannot decide;
4=agree; 5=strongly agree. A total scale score is generated by summing across the items. Watson
[41] reported a Cronbach alpha of .93 for the total scale score and correlations with the DES
around r=.60 across two college student samples.
The DPS consists of three factors. The first factor (DPS-F1), Obliviousness, consists of 14 items
and assesses the inclination to act in mindless and automatic ways and to enter into
“naturally-occurring trance states” [41]. Sample items include: “I will walk into a room, and not
remember why I went in there”; and, “At times, people have told me that I seemed to be off in a
world of my own.” The second factor (DPS-F2), Imagination, measures absorption,
imaginativeness, and fantasizing. Sample items include: “If I want to, I can imagine some things so
vividly that they hold my attention like a good movie or book does”; and, “I have an interesting
fantasy life.” The third factor (DPS-F3), Detachment, consists of 6 items and reflects
depersonalization and derealization experiences as reflected in the following item: “Sometimes
when I am looking in the mirror I feel like I am seeing someone else.”
Dissociative Experiences Scale-II (DES and DES-II, [2, 3]). The DES is a widely used questionnaire
measuring dissociative experiences in both clinical and non-clinical samples [42]. The DES-II [3]
response format requires participants to select one of 11 response options ranging from 0-100,
listed in 10-point increments, to reflect the percentage of time that they experience the
phenomenon described in each question. The total scale score is the average response across all
of the items. Scores above 30 reflect severe dissociative pathology [3]. The scale has adequate
temporal stability (e.g., test-retest rs =.79 to .84; [3]) and internal consistency statistics (average
rs=.93; [42]).
Within clinical samples, a 3-factor solution is most commonly observed [43, 44]. Stockdale and
colleagues [45] assessed different factor structures across two samples of college students and
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concluded that the following 3-factor solution best fit their data: Absorption (16 items), Amnesia
(6 items), and Depersonalization, (6 items).
Waller et al. [37] identified an 8-item subset of the DES (i.e., DES-Taxon/DES-T) that
distinguished dissociative disordered patients from other patient groups and from
non-pathological types of dissociation. Examples of items comprising the DES-Taxon include:
“Some people have the experience of feeling that other people, objects, and the world around
them are not real. What percentage of time does this happen to you?”; “... hear voices inside their
head and tell them to do things or comment on things that they are doing ...”; and, “...find that in
one situation they may act so differently compared with another situation that they feel almost as
if they were two different people ...” The current study used the DES-II and derived factors based
on findings from Stockdale et al. [45], as well as the DES-T scale.
Tellegen Absorption Scale (TAS; [46]). The TAS consists of 34 items measuring imaginative
abilities and the tendency to become absorbed in everyday activities (e.g., being deeply moved by
a sunset; experiencing thoughts as visual images; becoming so absorbed during a movie or play
and feeling as though you are part of the play and not part of the audience). TAS scores range
from 0 to 34 reflecting the number of items endorsed. Tellegen [46] reported a test-retest
correlation of .91 over the course of one-month and an internal consistency value of .88.
Inventory of Childhood Memories and Imaginings (ICMI; [47]). The ICMI is a widely used
measure of fantasy-proneness. The scale consists of 52 items assessing childhood and adult beliefs
and imaginings (e.g., vividly re-experiencing sensations in one’s imaginations such as the feeling of
a gentle breeze; pretending to be someone else; having a past out-of-body experience; having felt,
heard, or seen a ghost). ICMI scores range from 0 to 52 reflecting the total number of items
endorsed. Scores on the ICMI correlate with the TAS (rs=.67 to .81; [48]), and the scale has
adequate test-retest reliability statistics (see [49]).
Expectancy Index [39]. Prior to hypnosis, participants responded to the following statements:
(1) I expect that the hypnosis experience will be interesting and enjoyable; (2) I think that I will be a
good hypnotic subject (response format of the first two items: 1-no, not at all, 4-somewhat, and
7-yes, very much); and, (3) Please predict—as best as you can—how many of the 12 suggestions
you expect that you will respond to during hypnosis (participants circled a number corresponding
to their prediction). Summing items creates an overall, global index of positive expectancies about
being hypnotized. Green and Lynn [39] found that the individual items and the overall index all
positively correlated with hypnotic responsiveness.
Harvard Group Scale of Hypnotic Susceptibility, Form A (HGSHS:A; [35]). The HGSHS:A is a
widely used, group administered, 12-item standardized measure of hypnotic suggestibility. The
scale begins with a suggestion for participants to close their eyes and to think of their head falling
forward, followed by a 15-minute (approximately) eye-closure induction and then ideomotor
suggestions for movements (e.g., eye closure, hand lowering, hands moving together),
motor-challenge-type suggestions (e.g., inability to bend an outstretched arm, arm
immobilization, finger lock, arm rigidity, communication inhibition, eye catalepsy), and
cognitive-perceptual suggestions (e.g., hallucinating a buzzing fly, post-hypnotic amnesia,
post-hypnotic suggestion to touch ankle). After hypnosis, participants report the degree of overt
behavioral responses (i.e., how movements would have been judged by an onlooker) on a scale
that can range from 0 to 12 with higher scores indicating greater responsiveness to hypnotic
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suggestions. About one hour is needed to administer the hypnosis session and allow time for
participants to complete the post-hypnosis response booklet.
The standard response format consists of a dichotomous choice in response to each item: pass
(e.g., “My head fell forward at least two inches”) or fail (e.g., “My head fell forward less than two
inches”). As part of a larger study on the response format of the HGSHS:A, we included a third
option to allow participants to indicate that they did not attempt the suggestion and to list
reasons as to why (e.g., felt too relaxed; didn’t want to attempt). In this study, we classified
non-attempts as item failures.
Subjective Involvement/Involuntariness Ratings. After indicating their behavioral response to
each HGSHS:A suggestion, participants rated the degree to which their response felt “automatic”
or “involuntary.” For example, after participants rated whether their head fell at least 2 inches
after the ‘head falling forward’ suggestion, we asked the following question: “To what degree did
your head falling forward feel “automatic” or “involuntary” (that is, as if it occurred all by itself)?”
Similar to the subjective experience scale developed by Bowers [50] and then later expanded to
the HGSHS:A by Kirsch, Council, and Wickless [51], our response options ranged from 1 to 5 and
included the following anchors: 1=not at all automatic or involuntary; 3=somewhat; 5=very much
automatic or involuntary. We summed scores across the 11 HGSHS:A behavioral items to generate
an overall subjective involvement score (the HGSHS:A amnesia item was not assessed for
involuntariness). If a participant both reported that they did not behaviorally respond to a given
item and subsequently left the subjective involvement response blank, then we assigned a value
of 1 (lowest rating of subjective involvement) for that item.
2.3 Procedure
We announced the study to prospective participants enrolled in 6 different sections of
introductory psychology at The Ohio State University, Lima. Interested students were given a
series of questionnaires as part of a “take home” booklet and were instructed to complete the
scales and return for a standardized assessment of hypnotic suggestibility scheduled
approximately one week later. Students completed the dissociation and personality scales that we
listed above, along with additional scales not related to this investigation. The scales relevant to
this study were presented in a fixed order and appeared in the following sequence: demographic
questions, TAS, ICMI, WDS, DPS, and then the DES-II. Before hypnosis, the experimenter disputed
common myths associated with hypnosis (i.e., hypnosis involves a trance state; you could get
“stuck” in hypnosis; subjects are unable to resist suggestions) and provided students with an
example of something “hypnosis-like” that they might experience during the session (i.e., that if
they fully imagined that their foot was attached to a helium filled balloon, then their foot might
actually lift off the floor). Immediately prior to the hypnosis session, students completed the
expectancy items contained within a response booklet. The HGSHS:A was delivered via audio
recording to student groups ranging in size from 9 to 39 participants. Following hypnosis,
participants self-reported in the response booklet the extent to which they responded
behaviorally to each suggestion and rated how automatic or involuntary their responses felt.
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3. Results
Organization of analyses and controlling for Type I error. Based on previous work [12, 39, 52,
53], we predicted that women would score higher than men on the HGSHS:A behavioral and
subjective measures, TAS and ICMI total scale scores, and across our expectancy items. We
therefore grouped these variables together. Our next set of variables included more pathological
measures of dissociation and consisted of total scale scores on the DES-II, each of the DES factors,
and the DES-Taxon. Last, we contrasted responses by our female and male participants across our
measures of non-pathological dissociation (i.e., the WDS, DPS, and the DPS factors). Because we
ran multiple tests within each group of variables, we applied a Bonferroni correction adjusting the
critical value of significance to control for Type I error.
Findings. In our first set of independent samples t-tests, we examined mean scores obtained
from our female and male participants across the behavioral and subjective indices on the
HGSHS:A, total scale scores on the TAS and ICMI, and on our global Expectancy Index. As can be
seen in Table 2, female students passed more suggestions on the HGSHS:A (behavioral score),
reported greater subjective involvement with the HGSHS:A items (subjective/involuntariness
score), and scored higher on the ICMI. In addition, mean scores on the TAS and on our Expectancy
Index were consistent with our a priori hypotheses; however, the magnitude of the difference
between means did not reach statistical significance given the Bonferonni correction to alpha.
Table 2 also lists responses by gender to the three individual expectancy items.
Results from our second set of t-tests did not show any gender-related differences on the
DES-II, DES factors, or the DES-Taxon. Across our final set of t-tests, male and female students
responded comparably across the WDS, DPS and on two of the three DPS factors. Female students
generated higher scores the first DPS factor (DPS-F1, Obliviousness), relative to male students (see
Table 2).
Given that our female students scored higher on the HGSHS:A – both in terms of behavioral
responsiveness and their reported subjective involvement – we examined whether the
correlations between our various measures and the HGSHS:A scores differed by gender. We used
the Fisher transformation test to convert correlations into Z scores and then contrasted these
scores between female and male students. Given a total of 33 comparisons (16 scales by HGSHS:A
behavioral and subjective scores; HGSHS:A behavioral and subjective scores with one another), we
adopted a p<.01 criterion for significance. None of these correlations differed by gender using this
criterion (Zs ranged from -1.17 to 2.29; ps ranged from .02 to .94).
We calculated Pearson-Product Moment Correlations across our measures. As can be seen in
Table 3, the dissociation scales inter-correlated highly. The WDS and DPS correlated with the
DES-II (total scale scores), r=.74 and r=.70, respectively, and the WDS and DPS positively correlated
with one another (r=.75). We obtained very small, non-significant, positive rs (i.e., less than .14)
between scores on the WDS, DPS and the three DPS factors, and students’ behavioral
performance
on
the
HGSHS:A.
Correlations
between
these
measures
and
subjective/involuntariness scores on the HGSHS:A also failed to reach significance. Although the
DES-II correlations with behavioral and subjective responding were low, they attained statistical
significance, r = .19 and r= .16, respectively. Correlations of behavioral and subjective hypnotic
responsiveness with absorption were statistically significant (r = .30 and .33, respectively) as were
correlations with fantasy-proneness (r = .27 and r = .26, respectively).
Page 167/206

OBM Integrative and Complementary Medicine 2020; 5(2), doi:10.21926/obm.icm.2002029

Table 2 Mean scores for male and female participants across our measures.
Measure
HGSHS:A (behavioral response)
HGSHS:A (subjective/involuntariness)
TAS
ICMI
Expectancy Index
Individual Expectancy Items
Expectancy -item #1 (interesting)
Expectancy -item #2 (good subject)
Expectancy -item #3 (estimation)
DES
DES-F1 (Absorption)
DES-F2 (Amnesia)
DES-F3 (Depersonalization)
DES-Taxon
WDS (Wessex)
DPS
DPS-F1 (Obliviousness)
DPS-F2 (Imagination)
DPS-F3 (Detachment)

Overall
M (SD)
4.76 (3.06)
29.59 (10.63)
16.88 (5.98)
21.23 (7.59)
14.21 (4.30)

Males
M (SD)
4.12 (3.39)
26.39 (11.25)
15.89 (6.13)
19.53 (7.36)
13.53 (4.53)

Females
M (SD)
5.35 (2.60)
32.56 (9.13)
17.79 (5.72)
22.80 (7.49)
14.84 (4.00)

t

p

2.52
3.74
2.00
2.74
1.91

.01
<.001
.05
<.01
.06

Hedges’
g
.41
.60
.32
.44
.31

4.97 (1.27)
3.97 (1.28)
5.27 (2.83)
19.22 (14.23)

4.83 (1.33)
3.95 (1.30)
4.76 (3.22)
18.60 (14.28)

5.10 (1.20)
4.00 (1.26)
5.74 (2.33)
19.79 (14.24)

1.34
0.26
2.19
0.52

.18
.80
.03
.60

.21
.04
.35
.08

26.17 (16.72)
11.37 (13.91)
8.53 (13.58)
11.47 (13.51)
1.25 (0.60)

24.61 (15.87)
11.60 (14.31)
9.58 (15.54)
12.37 (15.21)
1.20 (0.59)

27.61 (17.44 )
11.15 (13.63)
7.55 (11.49)
10.63 (11.75)
1.30 (0.61)

1.12
0.20
0.93
0.80
1.07

.26
.84
.35
.42
.29

.18
.03
.15
.13
.17

86.03 (23.43)
40.79 (11.41)
19.88 (6.24)
10.03 (4.67)

82.84 (22.28)
38.37 (11.39)
19.72 (6.05)
10.17 (4.46)

88.98 (24.21)
43.04 (11.03)
20.02 (6.44)
9.89 (4.88)

1.64
2.60
0.30
0.38

.10
.01
.76
.70

.26
.42
.05
.06

Note: Within each set of 5 dependent variables, a Bonferroni correction of alpha resulted in a critical value of p≤.01. Because Levene’s test
for equality of variances was significant for both HGSHS:A indices, the test statistics listed for these two variables were based on equal
variances not assumed.
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Table 3 Correlations between measures.
Measure

1

2

3

HGSHS:A

HGSHS TAS

4

5

ICMI

DES-II DES-F1

(behavioral :A
(subje
response

6

7

8

9

10

11

12

13

DES-F2

DES-F3

DES-

Wessex Dissocia DPS-F1 DPS-F2

14

15

DPS-F3 Expect Q1

16

17

18

Expect

Expect Q3

Expect

(Oblivio (Imagina (Detach (interesting) Q2
(Absorpti (Amnesia) (Deperson Taxon Dissoci tive
(estimation) Index
ation Process usness) tion)
on)
alization)
ment)
(‘good
Scale es Scale
subject’

ctive/i
nvolun

)

tarines
s
1. HGSHS:A

-

(behavioral response)
.81**

-

3. TAS

.30**

.33** -

4. ICMI

.27**

.26** .63** -

5. DES-II

.19*

.16*

6. DES-F1

.24**

.22** .54** .55** .97** -

2. HGSHS:A
(subjective/
involuntariness)

.50** .51** -

(Absorption)
7. DES-F2 (Amnesia) .12

.06

.31** .35** .87** .75**

-

8. DES-F3

.03

-.01

.34** .31** .82** .68**

.76**

-

.09

.04

.38** .38** .91** .79**

.90**

.92**

(Depersonalization)
9. DES-Taxon

-
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10. Wessex

.09

.11

.51** .58** .74** .72**

.61**

.63**

.69** -

.13

.13

.65** .64** .70** .72**

.51**

.54**

.59** .75**

-

.12

.13

.49** .49** .65** .69**

.48**

.44**

.52** .67**

.91**

-

.12

.10

.60** .66** .49** .52**

.33**

.34**

.40** .54**

.82**

.60**

-

.01

.10

.56** .49** .58** .52**

.45**

.66**

.61** .68**

.76**

.54**

.59**

-

.30**

.32** .22** .20*

.11

.17*

.03

-.04

.02

.02

.09

.09

.11

-.04

-

.29**

.22** .10

.15

.16*

.13

.09

.12

.01

.10

.08

.08

.12

.52**

-

.32**

.30** .16* .09

.17*

.19*

.09

.09

.11

.04

.11

.10

.11

.08

.36**

.40**

-

18. Expectancy Index .39**

.36** .20* .18*

.19*

.22**

.10

.07

.11

.04

.13

.11

.13

.08

.69**

.72**

.89**

19. Gender

.29** .16* .22** .05

.09

-.02

-.07

-.06

.09

.13

.20**

.02

-.03

.11

.02

.17*

Dissociation Scale
11. Dissociative
Processes Scale
12. DPS-F1
(Obliviousness)
13. DPS-F2
(Imagination)
14. DPS-F3
(Detachment)
15. Expect-Q#1
(interesting)
16. Expect-Q#2

.20*

(‘good subject’)
17. Expect-Q#3
(estimation)

.20**

Note: Values reflect Pearson Product Moment correlations with the exception of those involving gender (point bi-serial values; gender coded as 1=male,
2=female).
* and ** indicate significant bivariate differences at the p<.05 and p<.01 levels, respectively.
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To examine the ability of our variables, collectively, to predict behavioral and subjective
responsiveness on the HGSHS:A, we performed two exploratory multiple regression analyses. First,
we conducted a stepwise multiple regression analysis to examine the ability of the following
variables to predict overt behavioral responsiveness to the HGSHS:A: TAS, ICMI, DES-II, DES factor
scores and the DES-Taxon, WDS and DPS total scale scores, DPS factor scores, the Expectancy
Index, and participant’s gender. The full model (model 3) consisted of our expectancy index, TAS,
and DPS-F3 (Detachment), R2=.232, F (3, 152) = 15.27, p<.001; adjusted R2 = .216. The initial
model contained our Expectancy index, R2=.15, p<.001. The addition of TAS scores to Expectancy
Index scores (model 2) led to a statistically significant increase in R2 of .051, F (1, 153)=9.79,
p=.002. The addition of DPS-F3 (Detachment; model 3) resulted in a significant increase in R2
of .031, F (1,152) =6.10, p=.015.
We conducted a second stepwise multiple regression analysis to estimate subjective responses
on the HGSHS:A, using the same predictor variables noted above. The full model (model 4)
consisted of our Expectancy Index, TAS, gender, and DPS-F3 (Detachment), R2=.273,
F(4,151)=14.19, p<.001, adjusted R2=.254. The initial model contained our Expectancy Index,
R2=.13, p<.001. The second model added scores on the TAS and resulted in a significant increase in
R2 of .071, F(1,153)=13.62, p<.001. The third model included gender and increased R2 by .042,
F(1,152)=8.45, p=.004. The addition of DPS-F3 (Detachment; model 4) increased R2 by .030,
F(1,151)=6.13, p=.014.
Finally, we generated Cronbach alphas to determine internal consistency reliability across our
measures (see Table 4). Alpha values ranged from .79 to .95, with the exception of our expectancy
index ( =.59).
Table 4 Internal consistency reliability statistics across measures.
Measure
HGSHS:A (behavioral response)*
HGSHS:A (subjective/involuntariness)
TAS
ICMI
DES-II
DES-F1 (Absorption)
DES-F2 (Amnesia)
DES-F3 (Depersonalization)
DES-Taxon
Wessex Dissociation Scale
Dissociative Processes Scale
DPS-F1 (Obliviousness)
DPS-F2 (Imagination)
DPS-F3 (Detachment)
Expectancy Index

Number of Items
12
11
34
52
28
16
6
6
8
40
33
14
7
6
3

Cronbach Alpha
.79
.90
.81
.85
.95
.92
.85
.86
.86
.93
.95
.90
.86
.88
.59

* Kudar Richardson (KR-20) value for reliability of dichotomous variables is equal to Cronbach
alpha. The reliability for our expectancy index was likely affected by the small number of items
comprising the scale.
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4. Discussion
Our study provides a comprehensive examination of the link between trait measures of
dissociation and hypnotizability in the context of a more encompassing study of the correlates and
potential determinants of hypnotic responsiveness. We replicated and extended previous research
in important ways.
Perhaps our most noteworthy finding was the general failure to find statistically significant or
impressive correlations of measures of dissociation with hypnotic responsiveness. Indeed, across
all of our dissociation measures, only the DES-II total scale score (r=.19) and one of the three DES
factors (Absorption, r=.24) correlated significantly with behavioral hypnotic suggestibility, and
correlations were similarly low with subjective responses to hypnosis (DES-II total score r= .16; DES
Absorption factor r = .22). Our low range correlations between the DES-II and behavioral and
subjective hypnotic responding were similar in magnitude to those reported in previous studies
[11]. Moreover, the WDS and DPS, along with DPS subscale scores, were not reliably associated
with hypnotic responding on a statistical basis, with low and non-significant correlations in the
range of r = .01 to r = .13. Importantly, we found only a very weak and nonsignificant correlation (r
= .09) between hypnotic suggestibility and the DES-T, a measure of serious dissociative symptoms,
confirming the failure in the hypnosis literature to find evidence for an association between
hypnotic responding and psychopathology.
Given the similar pattern of findings across diverse scales of dissociation, it is sensible to argue
that these scales can be used interchangeably in the context of hypnosis research with student
populations. Whereas our survey was not designed to rigorously test dissociation-based theories
of hypnosis [15, 16], our findings are inconsistent with predictions derived from such theories;
specifically, the hypothesis that dissociation, considered as a trait, is a viable predictor of hypnotic
responsiveness (see [18] for a review), with the following qualification: Our preliminary finding of
a link between the Detachment subscale of the DPS and behavioral and subjective scores on the
HGSHS:A in our regression analyses suggests that scores on this factor assay something relevant to
hypnosis beyond absorption (as measured by the TAS) and a positive expectancy to respond.
Although total scale scores on the WDS and the DPS and DPS factor scores did not correlate with
hypnotic suggestibility, our regression analyses suggested that the third DPS factor of Detachment
contributed to the prediction of HGSHS:A behavioral and subjective scores after expectations
about being hypnotized and absorption were included.
One possibility is that the propensity toward detachment in everyday life potentiates the
tendency toward disrupted metacognition or executive monitoring during hypnosis [18, 54, 55].
Indeed, previous work suggests that highly hypnotizable individuals may experience reduced
metacognitive awareness of their behavioral intentions, resulting in an attenuated sense of agency
[56, 57]. Although the fact that the zero-order correlation between hypnotic responding and the
Detachment subscale was not significant (i.e., rs=.01 and .10 across behavioral and subjective
scores on the HGSHS:A, respectively), we suggest that future research should, nevertheless, more
fully explore detachment and deficits in metacognition as potential moderators or mediators of
hypnotic responding.
We documented strong support for the convergent validity of measures of dissociation, which
exhibited impressive positive intercorrelations. For example, the WDS and DPS correlated with the
DES-II, rs=.74 and .70, respectively, and the WDS and the DPS correlated at r = .75. In fact, the
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lowest inter-correlation across total scores on the DES-II, DPS, WDS, and the DES-T was still a
substantial r = .59 (DES-T and DPS).
Our study also provides supportive psychometric statistics regarding the internal consistency
reliability of items comprising the dissociation measures and subscales, which were good to
excellent and ranged from =.85 (DES-F2, Amnesia) to .95 (DES-II and DPS total score). Alpha
values for the HGSHS: A scores (behavioral and subjective), TAS, and ICMI ranged from =.79 to
.90. We obtained a rather low alpha value for our expectancy index ( =.59); however, this is not
overly surprising given that the index consists of only 3 items and alpha values are “strongly
affected by the length of the scale” [58]. Nevertheless, we suggest that future research employ
expectancy measures with greater internal consistency.
Moreover, we replicated previous research [11, 36, 38, 59, 60] by finding low-to-moderate
statistically significant correlations, r = .30 and r = .27, respectively, of behavioral measures of
hypnotizability with absorption (TAS) and fantasy-proneness (ICMI), and correlations in a similar
range with subjective measures of hypnotizability (absorption, r = .33; fantasy-proneness, r = .26).
In contrast, we found moderate-to-high correlations of measures of dissociation with measures of
fantasy-proneness (range r = .31 [DES-F3 Depersonalization factor] to r = .66 [DPS-F2 Imagination
factor]), which is consistent with the idea that significant overlap exists between
fantasy-proneness and dissociation [61]. Our finding of a high correlation between the measures
of absorption and fantasy proneness (r = .63) indicates that these constructs map onto a common
domain of immersion in imaginative experiences.
In previous work, we have found that female students endorse more favorable views about
being hypnotized and scored higher on the HGSHS:A, TAS, and ICMI, relative to male students [12,
39, 52, 53]. Our present findings converge with these earlier observations. More specifically,
female students passed more HGSHS:A suggestions, reported greater subjective involvement
during hypnosis, and averaged higher scores on the ICMI relative to their male counterparts. The
magnitude of the effect sizes associated with gender differences on the HGSHS:A scores and the
ICMI ranged from .41 to .60, indicating a small to medium effect. By squaring zero-order
correlations, we estimated that gender accounted for small but significant amounts of variance
across HGSHS: A behavioral (4%) and subjective (8.5%) scores and on the ICMI (5%). In addition,
female students tended to score higher on the TAS and to hold more favorable views about
hypnosis, especially their overall estimation of passing suggestions; however, in the current study,
the magnitude of these differences between genders did not meet the pre-set criterion for
significance.
Total scale scores on the WDS and DPS did not differ between female and male participants,
with the exception of the first DPS factor (Obliviousness), where gender accounted for 4% of the
variance on this subscale. Our female participants scored higher on this factor relative to males,
reflecting a greater self-reported rate of mindlessness, automaticity, or even absentmindedness.
In contrast, Fernaeus and Ostberg [62] examined absentmindedness among undergraduates
attending Stockholm University and failed to find any gender difference. We question whether our
finding of female students scoring higher on the DPS Obliviousness factor will be replicated, and if
so, the extent to which it reflects a true gender difference or reporting bias. More specifically, one
could speculate that female participants might be more willing to acknowledge experiences of
mindlessness/absentmindedness than males with a more guarded, defensive self-presentation
consistent with sociocultural expectations [63].
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Although we found that the magnitude of correlations between our various scales did not differ
by gender, and gender as a stand-alone variable did not enter as a predictive variable of
behavioral scores on the HGSHS:A in our multiple regression analysis, we recommend that
researchers analyze for potential gender differences in their data sets. Exploring predictive models
of hypnotic susceptibility within a large sample by examining interactions between gender and
individual scale scores would be informative and permit more complex models beyond those that
linearly add individual scale scores. Indeed, in a previous investigation, we found that predictive
models of hypnotizability varied across male and female participants when gender-by-scale
interactions were considered [39]. Our current finding that gender contributed to the prediction of
HGSHS:A subjective/involuntariness scores further underscores the importance of including
gender as a potential moderating variable when examining associations between personality
variables and hypnotic responsiveness.
Our exploratory regression analyses should be interpreted with caution given the number of
variables in the analyses and our sample size. Tabachnich and Fidel [64] recommend a 40-1 ratio
of cases to independent variables. Given a ratio of roughly 15-1 in the current study, we
characterize our analyses as exploratory and caution that our results are preliminary. In addition,
stepwise regression capitalizes on sample-specific variation, and future investigations with larger
samples should consider alternative statistical approaches to derive predictive models driven by
theory. Whereas the use of stepwise regression has lost favor among many statisticians, some
methodologists still view the technique appropriate for exploratory purposes [65, 66]. Indeed, “An
‘atheoretical’ use of hierarchical regression may be just as inappropriate to using
exploratory-based analyses such as stepwise regression” [67]. We believe that our use of stepwise
regression was reasonable in light of the exploratory nature of our investigation of the WDS and
DPS, and associated DPS factors, given that these scales have not been fully examined within the
context of hypnosis research. Clearly, our findings need to be replicated, particularly those
involving the predictive contribution of scores on the DPS Detachment factor. If they are, then
subsequent investigations based on empirical findings pertaining to non-pathological measures of
dissociation could be advanced and tested in a more theory driven manner.
Our study is further limited in that we only included trait measures of dissociation and our
participants completed the dissociation measures within the context of a hypnosis study. Future
investigations should examine state as well as trait measures of dissociation in terms of
accounting for their interrelation in hypnotic contexts and their differential ability to predict
hypnotic responsiveness. Given that many hypnotic suggestions call for a present-moment
dissociation of behavioral enactment and subjective experience of involuntariness, state measures
of dissociation may very well prove to be more robust correlates of hypnotic ability than trait
measures [24, 33, 36]. Furthermore, researchers should consider whether the magnitude of
correlations are affected by the testing context by administering measures of dissociation both
within and outside of the context of hypnosis or if the order of administering scales (e.g., before or
after hypnosis) matters.
We acknowledge that undergraduate students’ self-reported experiences of dissociation and
their responsiveness to a group administered hypnosis scale may not fully capture dissociative or
hypnotic phenomena, and that our findings may not generalize to a clinical setting. It is also
possible that dissociation and hypnotic responsiveness in our sample are not linked in a
straightforward, linear fashion, and that individuals with stronger dissociative tendencies might
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experience hypnotic phenomena in a qualitatively distinct manner from those that are less
dissociative [7], thereby attenuating correlations between hypnotic suggestibility and dissociation
measures across the entire range of hypnotic suggestibility. Moreover, experiential as well as
personality differences, such as past experience with trauma, attachment styles, and imaginative
abilities, for example, might separately or collectively moderate dissociative experiences within
the hypnotic context [68].
Consistent with previous research we reviewed, of all of the variables we examined, the one
that numerically correlated most strongly with hypnotic responsiveness was our Expectancy Index
and, subsequently, it was the first variable retained in the regression analyses. Indeed, our
collective assessment of participants' expectancies that hypnosis would be interesting and
enjoyable, they would be a good hypnotic subject, and would pass a number of suggestions,
correlated with both behavioral (r = .39) and subjective (r = .36) measures of responsiveness.
Correlations between individual items comprising our Expectancy Index and hypnotic
responsiveness were also significant, albeit at a slightly lower level than our global expectancy
index (rs across the individual expectancy items and behavioral and subjective HGSHS:A responses
ranged from .22 to .32). As highlighted by many sociocognitive theorists [69-73], expectancies
seem to play a prominent role in determining hypnotic responsiveness. Supporting this assertion,
and similar to our findings, Kirsch, Silva, Comey and Reed [74] found that response expectancy
correlated more strongly with hypnotic responding than absorption, fantasy-proneness, or
personal motivation. Still, scores on our Expectancy Index only accounted for 15% and 13% of the
variance in HGSHS:A behavioral and subjective scores, respectively, thereby providing only limited
support for a sociocognitive model of hypnosis. Clearly, much more variance remains to be
accounted for in future studies. Finally, a virtually unexplored area in hypnosis studies is to
determine whether inducing dissociation by means such as mirror gazing, dot staring, ganzfeld
setups, virtual reality, and pulsed audio and photic (with due cautions regarding seizures)
stimulation [75-77], would increase hypnotic suggestibility, as, to date, little evidence exists to
support a robust relation between trait dissociation and hypnotic responsiveness, even across the
variety of measures of dissociation we examined.
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Abstract
In this technical report, we present for the first time a newly developed multimodal
light-emitting diode (LED) pad for photobiomodulation (PBM). In order to demonstrate the
range of possibilities for its application, we carried out a comparison of measurements with
and without infrared (IR) LEDs in a volunteer, and are presenting the results. The pad
consists of several components, which are mainly composed of LEDs of different modalities
(IR, red, yellow, and blue). This multicolor system was applied to a peripheral area of the
body in the volunteer. Thermal imaging of the region of interest showed that additional
stimulation with IR LEDs increased temperature by about 113% compared to stimulation
without IR LEDs. Our results concluded that non-visible IR LED stimulation techniques could
be extremely helpful in improving the quality of PBM.
Keywords
Photobiomodulation; LED (light-emitting diode) pad; thermography; thermal imaging;
infrared LED; red LED; yellow LED; blue LED; peripheral effects
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1. Introduction
An infrared (IR) LED (light-emitting diode) is a special diode, which emits light in the
near-infrared wavelength at a range of 700 nm to 1000 nm. This area of the light spectrum is not
visible to the human eye but can be measured with radiation detectors like photodiodes and
phototransistors. It is less known that IR LEDs were the first LEDs to be produced, and were
developed even before the first red light-emitting diodes. In 1961, Robert Biard and Gary Pittman
patented the first gallium arsenide (GaAs)-based infrared LED produced at Texas Instruments [1].
Until the early 1970s, the only available LEDs – red and infrared LEDs – were very expensive. In
comparison, the current price of a large quantity of IR LEDs is very low. Infrared LEDs are
manufactured with different wavelengths.
Human body stimulation with different optical modalities (including IR LEDs) is a novel form of
non-invasive photobiomodulation (PBM), and it has shown therapeutic potential in a variety of
conditions [2, 3]. Such a method can be combined with non-invasive LED stimulation using other
wavelengths (e.g., the use of red, yellow, or blue LEDs).
The present article outlines the development and first-time application of a new phototherapy
pad applied to the peripheral area of a human volunteer. Non-invasive thermal imaging was used
to investigate the temperature alterations of the skin from the new stimulation method [4].
2. Methods
2.1 Phototherapeutic Pad
A new phototherapeutic pad (Suyzeko, Shenzhen, China) based on polychromatic light
therapy is being presented for the first time in a scientific article here. The possible values of
measurement for treatment in a volunteer are also briefly shown. The pad consists of several
components, which are mainly composed of LEDs of different modalities (IR, red, yellow, and
blue). This multicolor system can be applied to any area of the body. The system consists of two
pieces of pads, a control unit, a power adaptor, a power cable, and a manual (see Figure 1).

Figure 1 Phototherapeutic pad using different modalities of LEDs (Suyzeko, Shenzhen,
China). The picture shows an example of the application on the hand, but only
measurements on the feet were carried out for the experiments in this work.
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The following LEDs are integrated into the system and can be controlled and activated both
individually and in various combinations through the control unit: IR, red, yellow, and blue (see
Figure 2 and Table 1). The geometrical dimensions of each pad are 28.3 x 25.0 cm, with the active
area in which the LEDs are integrated being 20 x 17 cm.

Figure 2 Different colors of the pads.
Table 1 shows the number and wavelength of individual LEDs, the total number of LEDs, and
the wavelength range.
Table 1 Kind of LED, pieces of LEDs, and wavelengths.
LED (light-emitting diodes)

Pieces

Wavelength (nm)

Infrared

84

810

Red

70

660

Yellow

28

589

Blue

28

405

Total number/range

210

405 – 810

The intensity of each LED was 0.2 W. The spectral power density was not specified by the
manufacturer. Unless an infrared filter is installed, digital cameras are usually sensitive to both
visible light and infrared light. With the help of active IR LED pads, the functionality of infrared
remote controls can easily be checked (Figure 3).

Page 183/206

OBM Integrative and Complementary Medicine 2020; 5(2), doi:10.21926/obm.icm.2002030

Figure 3 Active IR LEDs implemented in one pad.
2.2 Experiment, Volunteer and Procedure
A 61-year-old male volunteer subject was given stimulation using the new phototherapy pad,
and monitored before, during, and after stimulation by thermal imaging. The volunteer neither
had any neurological, cardiovascular, or respiratory diseases, nor was taking any medication at the
time of examination. The experiment, which included only non-invasive measurement methods
(LED stimulation and thermography), was approved by the local ethics committee of the Medical
University of Graz, and the measurements were performed according to the declaration of
Helsinki.
Before receiving the stimulation, the volunteer sat for 5 min on a chair to adapt to the room
conditions (temperature). Then, thermal images of the region of interest were taken 5 min before,
every 5 min during, and 3 min after stimulation. Thermal images of the same locations were taken
at the end of the stimulation process. Figure 4 shows the experimental flow chart.

Figure 4 Experimental procedure (measurement points: before stimulation, every 5
minutes during stimulation (5 – 60 min), and 3 minutes after stimulation.
The experimental procedure consisted of collecting two sets of measurements, which was
carried out on two different days in almost the same manner, at the same time of the day and on
the same person (also same room temperature of 23.3 °C; same humidity of 55%). The only
difference between the two sets of measurements was that an additional 84 invisible infrared
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LEDs (810 nm) were activated in the second set of measurements. The aim was to determine any
possible differences in the evaluation parameters (temperature changes).
2.3. Thermal Imaging and Data Analysis
Thermal imaging was performed using an infrared camera Flir i7 (Flir Systems Inc., Portland,
USA). This imaging technology allows the simultaneous measurement of temperatures at multiple
points on the surface of the skin, and also acts as a reference for the surrounding temperature.
The camera operates at a wavelength range of 7.5–13 µm. The focal distance of the infrared lens
is f = 6.8 mm. The infrared resolution is 140 x 140 pixels, and the accuracy of the camera lies at
±2% of the reading. The data were transferred to a notebook (Acer, Aspire 5, Acer Inc., Taipei,
Taiwan) using Flir Tools software (April 2020, Flir Systems Inc., Portland, USA). Thermal images for
evaluating temperature changes in the volunteer were taken 5 min before, during (at 5-minute
intervals), and 3 min after stimulation. The region of analysis for the thermographic
measurements included areas around the right side of the right foot of the volunteer (1 cm
diameter of the region of interest: see cursor in Figures 5 and 6). In these areas, the highest
temperature value was marked (see cursor in Figures 5 and 6).
3. Results
Figure 5 shows the results of the thermal images taken before, during (5 to 60 min), and after
continuous red, yellow, and blue LED stimulation via the new pad. The measurement point with
the highest increase in temperature (see cursor) was found at the end (60 min) of continuous
stimulation (28.8 °C).

Figure 5 Thermal images. Note the increase in the temperature in the region of
interest during continuous and simultaneous red, yellow, and blue LED stimulation.
Figure 6 shows the results of the thermal images taken during the second set of measurements
in the same person. Again, continuous red, yellow, and blue LED stimulation was carried out. In
addition, 84 non-visible infrared LEDs were activated. The highest increase in temperature in this
session was also found at the end (60 min) of continuous multimodal stimulation (30.2 °C).
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Figure 6 Thermal images. Note the high increase in the temperature in the region of
interest during continuous and simultaneous infrared, red, yellow, and blue LED
stimulation.
As shown in Figure 7, the use of IR LEDs had a striking effect in the results, which showed that
despite similar test conditions, there was a significant increase in the temperature in the area of
the subject's foot. On quantifying this effect, the measurement temperature was found to
increase by about 113% compared to stimulation without using IR LEDs. The five-minute timepoint
was used as a baseline because, at this point, the temperature differences between the two
experiments were nearly equal (Figure 7).

Figure 7 Temperature behavior at the measuring point of the subject's right foot. Note
the significantly increased effect under the stimulation condition with the activated IR
LEDs.

Page 186/206

OBM Integrative and Complementary Medicine 2020; 5(2), doi:10.21926/obm.icm.2002030

4. Discussion
This short technical report outlines a new non-invasive LED method for PBM that can be used
for peripheral stimulation of the human skin.
The results of an animal experiment conducted recently in 2020 showed that infrared LED had
significant effects on mechanical stimulation and cold allodynia. In the spared nerve injury (SNI)
model of rat, an analgesic effect was observed after every treatment. However, the effect was
abolished when treatment was interrupted. These findings by authors from Brazil suggest that
PBM therapy may be useful as an adjunct therapy for chronic pain [5].
A study by Gavish et al. published recently in 2020 [6] showed that near-infrared PBM was
found to induce a 27% increase in microcirculatory flow that increased to 54% during a 20-minute
follow-up period, but red light PBM did not show a similar increase in median flow. Only ten out of
twenty participants were responsive to PBM, as shown by thermal imaging. The authors
demonstrated the underlying mechanism in which PBM induces arteriolar vasodilation resulting in
both immediate and long-lasting increased capillary flow and tissue perfusion in healthy
individuals. This response was found to be wavelength-dependent and modified by skin
temperature [6].
Another study dealt with chronic obstructive pulmonary disease (COPD), which is characterized
by dyspnea as well as musculoskeletal and systemic manifestations. PBM, along with light-emitting
diode therapy, is an intervention that has been found to minimize or delay muscle fatigue. The aim
of the study [7] was to evaluate the (acute) effects of PBMT when used in combination with laser
diodes, LEDs, or magnetic field on muscle performance, exercise tolerance, and metabolic
variables during a 6-minute step test in patients with COPD. The study showed that the combined
application of PBM therapy and magnetic field increased the number of steps during the step test,
and decreased the sensation of dyspnea and lower limb fatigue in patients with COPD [7].
The efficacy of infrared warming therapy is well known. In 1999, Mori et al. [8] showed the
effects of warming the eyelids with an infrared heater in comparison with a broad-spectrum
heater. The authors concluded that heating for only 5 min was necessary to increase ocular
temperature and enhance comfort. In our present study, we could not show a similar immediate
effect after heat stimulation for 5 min; however, this could be attributed to the fact that the
technical parameters of stimulation and also the site of stimulation were very different in our
study.
In our pilot investigation in a volunteer subject, the peripheral temperature was significantly
increased with the use of infrared LEDs compared to the same procedure done without infrared
LEDs. Additionally, the warming effect of the feeds was significantly more pronounced after using
our innovative pad with infrared LEDs for the longest stimulation time (60 min) than with the use
of red, yellow, and blue LEDs alone.
According to Figures 5 and 6, the pad itself heated up during the irradiation, and remained hot
after the irradiation, in both cases when red LEDs were used, and when infrared LEDs were added.
In addition, temperature changes in the left leg were minor, whereas the right leg underwent a
more pronounced temperature elevation. A possible reason for this could be a knee injury on the
right leg of the volunteer, which may have been trained more in the previous months than the left
one.
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In this pilot study, we have used infrared thermography as an evaluation method. It is a suitable
method to quantify surface temperature changes. In the future, we want to use Laser Doppler
imaging (LDI) to record any changes in microcirculation, as has already been done in similar
studies in the past [6, 9-14]. The use of near-infrared photobiomodulation to increase
microcirculatory blood flow, as measured by a variety of techniques including laser Doppler, was
demonstrated by Gavish et al. [6], Samoilova et al. [9, 10], Schindl et al. [11, 12], Schaffer et al.
[13], and Litscher et al. [14]. The effects of near IR PBM include the optimization of mitochondrial
function, decrease in fatigue, and improvement of peripheral circulation [6, 9-14].
This study has several limitations. IR light can penetrate the skin and deep tissues. If patients
use IR for a prolonged period of time, it may change their core temperature. Therefore, an
important safety measure to be followed is to ensure that the patients do not experience
hyperthermia. In our experiments, the core temperature was not recorded, which is a limitation of
this study.
Due to the addition of 84 IR LEDs to the LED pad, the second experiment produced more heat
in the patient's feet than the first one. Therefore, the second session had more LEDs than the first
session making a direct comparison between the two sessions unequal. Another limitation of the
study is that the volunteer did not have the same baseline temperature of the feet before
stimulation in the two sessions.
Studies with a larger number of cases with corresponding clinical pictures are planned for
future work, in order to justify or exclude possible clinical uses of the new LED pads.
5. Conclusion
In this technical report, we present a new LED pad for PBM. Through our study, we were able to
show that stimulation with different modalities of LEDs resulted in different biological
thermographic effects. This indicates that in addition to continuous and simultaneous red, yellow,
and blue LED stimulation, non-visible infrared LED stimulation techniques may be helpful in
improving the quality of PBM; however, this has to be proven further in future research.
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Abstract
The novel coronavirus COVID-19 is a viral pathogen that first emerged in Wuhan, China in
2002 and has spread to 202 countries (as of March 28, 2020) [1]. Despite the fact that the
2005 SARS-CoV pandemic infected over 8,500 people, and caused over 800 deaths with
billions of dollars in economic loss worldwide, as of 2015 there were still no clinically
approved antiviral drugs, vaccines or monoclonal antibody therapies to treat SARS-CoV
infections [2]. Antiviral medications that have been used to treat or control other viral
infections have been ineffective and therefore, it is imperative to consider alternatives to
current antiviral treatment options for this disease. Essential oils (EO) and their isolated
compounds, (terpenes, terpenoids and aromatic compounds) have been shown to have
antimicrobial activity against a wide range of pathogens including bacteria, viruses and fungi
*3+. The mechanism of action of EO’s is linked to 100’s of chemical compounds per plant
extract, and the fact that they are lipophilic, easily passing through viral cell walls. The
presence of nanoparticles (NPs) functionalized within the EO render the EO impervious to
the defenses of pathogens. The permeability eventually results in the death of pathogenic
cell as leakage of critical molecules and ions occurs destroying the cell [4].

© 2020 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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1. Introduction and Background
The novel coronavirus COVID-19 (coronavirus disease 2019) is a viral pathogen that first
emerged in humans in Wuhan, China in 2002 and has now spread to 202 countries (as of March
28, 2020) [1]. COVID-19 causes severe acute respiratory coronavirus (SARS-CoV), a disease that
has caused a worldwide epidemic with severe morbidity and high mortality rates, particularly in
older individuals. COVID-19 is a by-product of the rapid economic growth in southern China
leading to increased demand for animal proteins, including those from exotic game food animals
such as civets and pangolins. A civet is a meat-eating mammal with a somewhat cat-like
appearance with a small head, long body, and long tail. Its muzzle is long and often pointed, rather
like that of an otter or a mongoose. Excluding its tail, a civet ranges from about 17 inches to 28
inches long, and weighs between three to 10 pounds. There are several species of pangolins, an
endangered species that are best described as scaly ant-eating mammals that range in size from
8-73 pounds [5]. Civets and pangolins are poached for their meat and are often found in large
numbers in overcrowded cages with little to no biosecurity measures in “wet-markets”. The
wet-markets are thought to be the cause that allowed this novel virus to “jump” from animals to
humans [6]. Chinese wet-markets are unique epicenters for transmission of potential viral
pathogens in close proximity to humans, and have extremely high viral burden or strains of higher
transmission efficiency facilitating the transmission of viruses to humans [7]. In 2007, researchers
identified that the small reemergence of SARS in late 2003 after the resumption of the wildlife
wet-market in southern China resulted in the discovery of a very similar novel virus in horseshoe
bats. The discovery of bat SARS-CoV suggested that SARS could return if conditions remained fit
for the introduction, mutation, amplification, and transmission of this dangerous virus [7]. Despite
the fact that the 2005 SARS-CoV pandemic infected over 8,500 people, and caused over 800
deaths with billions of dollars in economic loss worldwide, as of 2015 there were still no clinically
approved antiviral drugs, vaccines or monoclonal antibody therapies to treat SARS-CoV infections
[2].
2. Overview of Viral Pathophysiology
Viruses are exceedingly small (about 20 - 200 nanometers in diameter) and usually round,
consisting of a tiny piece of genetic material surrounded by a thin protein coating (capsid) or a
thin, fatty envelope. Human viruses have extremely small genomes consisting of either
double-stranded DNA that replicate inside the host cell nucleus, or single-stranded RNA
viruses, like SARS-CoV, that replicate in the host cell cytosol [8]. Viruses can be differentiated
from other pathogens in that they are the only group of microorganisms that cannot replicate
outside of a host cell. In addition, viruses as compared to bacteria, do not consume cellular
nutrients directly, instead they hijack the hosts cellular machinery for their own energy
purposes [9]. There are essentially three possible steps that a viral pathogen may take to
overcome host immune system defenses when creating an infection: 1) subvert or defeat the
hosts innate defense system, 2) create permissive “niche” for replication, and 3) develop
antigenic variation to escape detection by host defenses [9]. Once the virus gains control of
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the hosts cellular machinery, the virus injects its own genetic material into the cytosol with all
of the information needed to replicate itself. It does this by taking control of the cells genetic
replicating machinery and forces the host cell to replicate the virus with its nutrients and
energy sources thereby preventing the host cell from conducting normal processes for
survival. The result of hijacking the host cells is that it usually kills the host cell. When the host
cell dies, the virus is released along with new viruses that go on to repeat the process of
infecting new cells [10].
There are basically four types of viral infections, classified clinically: 1) Transient acute, 2)
Chronic latent, 3) Chronic, 4) and Transforming. The Epstein Barr Virus (EBV) for example, is a
double-stranded DNA transforming virus, and like most viruses, the genome encodes for three
types of proteins. One protein is intended for replication of the genome, another for packaging
the genome for delivery to more cells, and finally, a protein for modifying the structure and
function of the host cell to enhance its own replication [8]. The steps of viral infection and
replication include: 1) entry into the host cell, 2) disassembly of the infectious virus particle, 3)
replication of the viral genome, 4) transcription of viral genes and synthesis of viral proteins, 5)
assembly of these viral components into progeny virus particles, and finally 6) release of
progeny virions to go on to infect other cells [8].
Viruses are encapsulated with a protein coat called a capsid. A capsid packaged with the
viral genome is called a nucleocapsid; which, can be enveloped with a fatty outer layer, or
nonenveloped. Nucleocapsids of nonenveloped viruses usually leave an infected cell by lysing
it which kills the host cell. Enveloped viruses have their nucleocapsid enclosed within a lipid
bilayer membrane that the virus acquires from the host cell in the process of budding off from
the host-cell plasma membrane. An enveloped nucleocapsid can bud and leave the host cell
without disrupting the membrane, may kill the cell by taking all of its nutrients for itself, or it
might leave the cell intact and hide causing persistent infections that may last for years, often
without noticeable deleterious effects on the host [8]. The SARS-CoV virus is an RNA virus that
kills the cell and then releases its viral particles to go on to infect other cells in a cyclical
process of infection-release-reinfection. In the case of SARS-CoV, the most common tissues
attacked are the alveolar lung tissues. The infectious process causes decreased normal lung
function such as the ability to remove mucous and debris, destruction of the alveolar cells
lining the lungs thereby preventing oxygen from being absorbed and carbon dioxide from
being exhaled [11]. Essentially, lung function ceases, pneumonia develops, and the person
suffocates to death.
3. Corona-Type RNA Viruses
Most influenza viruses and coronaviruses are enveloped RNA viruses which means that they
are covered by a membrane (M protein) of cellular matter taken from their host cell. RNA viruses
are unable to replicate on their own because unlike DNA, RNA does not contain self-correcting
mechanisms. RNA is the active, reproducing template copied from strands of DNA. In cases of RNA
viruses like SARS-CoV, the viral genetic code is organized as single-stranded RNA and is the largest
of the known RNA genomes. RNA viruses replicate rapidly, mutate often and are emerging rapidly
on the world stage. Some of the emerging RNA-virus related diseases include Ebolavirus, Middle
East respiratory syndrome (MERS), SARS-CoV, Influenza A virus (H1N1, IAV) Zika virus, Human
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Immunosuppressive Virus (HIV) and West Nile Virus [5]. For an enveloped virus to invade host
cells, the viral envelope must be removed for the inner part of the virus particle to enter the
cytoplasm of the host cell, where it can then reproduce. A nucleocapsid (N) protein complex with
the genome RNA forms a helical capsid structure that is found within the viral envelope. Trimers
of the spike proteins form the peplomers embedded in the lipid envelope that radiate outward
giving the virion its “corona” or “crown-like” appearance under an electron microscope [11].
Coronaviruses and influenza viruses infect a host cell by fusing their viral envelope to the outer
layer of the host cell. The host cell membrane is then dissolved or punctured to increase the
connection with the viral envelope. Once the viral envelope is firmly attached to the host cell, the
virus can enter the cell, essentially by the host cell engulfing it the way it would any food particle
[11]. The main differences between COVID-19 and seasonal influenza is that death rate from
seasonal flu is typically around 0.1% in the U.S., but the death rate of COVID-19 is ranging between
1-3% with elderly and immuno-compromised individuals hardest hit. COVID-19 also has a longer
incubation period (10-14 days compared to 2-3 days) where the person is not sick but is shedding
the virus. In addition, there are antiviral medications and vaccines available for influenza and
neither is available yet for COVID-19 [12].
Similar to other coronaviruses, SARS-CoV is thought to attach by the hydrophobic domains of
their replication machinery to the limiting membrane of autophagosomes forming
double-membrane vesicles. Once sufficient viral genomic RNA and structural proteins are
accumulated, viral assembly by budding of the helical nucleocapsid at the endoplasmic reticulum
to the Golgi intermediate compartment occurs. The coronavirus membrane (M) protein is the
critical component in virion assembly as one its primary functions is to mediate the incorporation
of the spikes (S proteins) into the viral envelope. RNA Viral M proteins are integrated into the lipid
bilayer in and, in general, can be simple, spanning the membrane only once; or complex,
traversing the membrane multiple times. The coronaviruses have triple-membrane-spanning M
proteins that interact with the nucleocapsid (N) proteins and viral RNA to generate the basic viral
structure, and to interact with the envelope and spike proteins to induce viral budding and
release. Unlike other coronaviruses, what makes SARS-CoV M proteins unique is the incorporation
of another triple-membrane-spanning protein: the SARS-CoV open reading frame-3a (ORF3a)
protein which is an accessory protein into the virion [6, 7]. The SARS-CoV ORF3a accessory protein
activates the nod-like receptor family, pyrin domain-containing-3 (NLRP3) protein that regulates
the secretion of proinflammatory cytokines interleukin-1-beta (IL-1β) and IL-18. Activation of the
NLRP3 inflammasome also promotes tumor necrosis factor (TNF) receptor-associated factor-3
(TRAF3)-mediated ubiquitination of apoptosis-associated speck-like protein containing a caspase
recruitment domain [13].
4. Pathogenesis of SARS-CoV
Patients infected with SARS-CoV most frequently initially presented with fever, nonproductive
cough, sore throat, headache and myalgia, with dyspnea often not becoming a prominent feature
until days 7–14 of the illness. During the second phase of the illness, dyspnea and hypoxia, often
with continued fever and frequently accompanied by diarrhea, became more prominent. As the
respiratory status continues to deteriorate, acute respiratory distress syndrome (ARDS) develops
often requiring mechanical respiration by the third week [11]. Similar to other causes of atypical

Page 194/206

OBM Integrative and Complementary Medicine 2020; 5(2), doi:10.21926/obm.icm.2002031

pneumonia, physical signs upon chest examination are minimal compared with the radiographical
(X-ray) findings [1]. SARS-CoV causes damage to the airway epithelial cells, which means that the
lungs are unable to clear the debris or mucus frequently resulting in pneumonia. There is also
evidence of a “cytokine storm”, which is the dramatic development of pulmonary destruction
caused by rapid increases in levels of chemokine and cytokine proinflammatory molecules, often
complicated further by pneumonia. Chest radiographs typically show “ground-glass opacities” and
focal consolidations, especially in the periphery and subpleural regions of the lower zones.
Progressive involvement of both lungs is not uncommon [6]. Deaths have occurred as early as day
4 and as late as 108 days after onset of symptoms. Virus shedding from the respiratory tract
generally peaks around day 10 and subsequently declines. Virus excretion from the GI tract is also
frequently present with IgG antibodies detected 10–15 days after onset of symptoms. The severity
of the disease is correlated with increasing age, with mortality reaching 50% for patients over 60
[7, 11].
5. Treatment of Viral Disease
Eradication of diseases is based on a principle of threshold proportion: if a certain proportion of
a population is immune to a disease, the pathogen that causes that disease will be unable to
reproduce at a high enough level to maintain the pathogen population. That is because over time,
the infected hosts will either recover, or die, leaving too few susceptible hosts for the pathogen to
infect halting further spread. Sometimes this phenomenon is called “herd immunity” *14+.
Hepatitis C (Hep C) for example, is an RNA virus that has wide variability in both progression and
presentation of symptoms due to high variability in RNA genotypes. Hep C may be very slow to
progress with little to no symptoms in the acute phase; however, it will progress to a chronic state
in 85-90% of individuals who contract the disease [15]. Mutations of the RNA virus cause it to
avoid the body’s immune system responses allowing it to live and replicate undetected in the liver
causing inflammation, fibrosis, and scar tissue development. The most severe outcome is death of
liver tissues to the point of cirrhosis of the liver, and possibly liver cancer [15]. Success of
conventional treatment with interferon and ribavirin depends on the genotype of the specific
virus, and the extent to which the viral load has expanded.
Searches for effective medications to treat or prevent SARS-CoV has led to studies looking at
drugs currently on the market to see if they may potentially work against the virus. One such study
looked at disulfiram, an aldehyde dehydrogenase inhibitor used as an anti-alcohol use medication.
The researchers found that disulfiram acted as an allosteric inhibitor of Middle East respiratory
syndrome coronavirus (MERS-CoV) papain-like protease (PLpro), and as a competitive (or mixed)
inhibitor of SARS-CoV PLpro. Unfortunately, disulfiram has a number of side-effects that may
make it unpopular in vivo [16]. Options for biologic agents that are well-tolerated and effective
has led to research into potential plant-based treatments. Phytochemicals in essential oils (EO) for
example, have been shown to have complementary and overlapping mechanisms of action; which,
result in their antiviral effects through inhibition of the formation of viral DNA or RNA, or directly
inhibiting the activity of viral reproduction [17].
A study conducted by Giraud-Robert (2005) evaluating the antiviral potential for treatment of
hepatitis-C (HCV) found that EO’s may be effective as a monotherapy, or in conjunction with
treatment as usual (TAU) [18]. The study enrolled 60 individuals who were chronic carriers of
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hepatitis B (HBV) or C (HCV) (50 HCV and 10 HBV). The EO’s chosen for evaluation included
Ravensara, Rhododendron groenlandicum (Labrador tea), carrot seed, Thymus vulgaris
thujanoliferum (thujanol), Laurus nobilis (bay laurel), Melaleuca quinquenervia (niaouli) and
helichrysum were used orally, either alone or together with TAU. In patients with HCV that were
treated with bi-therapy plus EO’s, tolerance and response to treatment was improved (80% good
tolerance and 100% remission especially for genotype-1). For those with HCV treated with EO’s
alone an improvement in hepatitis was noted in 64% of cases, and for those with HBV, two cures
were obtained with EO’s as monotherapy *18+. Essential oils as blends or as single oils have been
reviewed extensively to evaluate their potential antimicrobial effects. One blend in particular
reviewed by Brochot and Guilbot, et al (2017) that contained Eucalyptus globulus and
Cinnamomum Zeylanicum EO was shown to have potent antiviral activity [3]. The main constituent
ingredients (e.g. terpenes and phenylpropanoids), are thought to be responsible for their
biological properties in a synergistic manner to act as antivirals *19+. Single EO’s from E. globulus,
Melaleuca alternifolia (tea tree) and thyme and their major monoterpene compounds
alpha-terpinene, gamma-terpinene, alpha-pinene, p-cymene, terpinen-4-ol, alpha-terpineol,
thymol, carvacrol, citral and 1,8-cineole were found effective against a specific virus: herpes
simplex virus type-1 (HSV-1) in vitro by Astani, Reichling and Schnitzler P (2010) [19]. The
monoterpene carvacrol is a phenol that is a natural monoterpene derivative of cymene. Used by
itself, carvacrol is an inhibitor of bacterial growth used as a food additive and is a potent activator
of the human ion channels transient receptor potential V3 (TRPV3) and A1 (TRPA1) [20]. Astani,
Reichling and Schnitzler observed that single EOs from E. globulus and M. alternifolia reduced
HSV-1 viral infectivity by >96%, the monoterpenes alone inhibited HSV by about >80% [19].
Mixtures of different monoterpenes found in M. alternifolia EO showed a ten-fold higher
selectivity index, and lower toxicity, than isolated single monoterpenes indicating that the
chemical components act synergistically to exert antimicrobial/antiviral effects. Other individual
EOs extracted from cinnamon tree bark that included isolated compounds, including terpenes and
terpenoids and aromatic compounds such as the phenylpropanoid cinnamaldehyde and eugenol
an allyl chain-substituted guaiacol, a member of the allylbenzene class of chemical compounds,
have been shown to have antimicrobial activity against a wide range of pathogens including
bacteria, viruses and fungi [3].
The proposed mechanism of action of EO’s as effective antimicrobials is linked to their complex
composition of 100’s of chemical compounds acting synergistically per plant extract, and their
cytotoxic effects that damages pathogenic cell membranes. The lipophilic properties of EOs
account for their ability to pass easily through a viral, fungal, or bacterial cell wall and cytoplasmic
membrane causing destruction of the structure of the polysaccharide, fatty acid, and phospholipid
layers, making the membranes permeable to their effect inside the cell. The use of EO’s as
antimicrobials is not without risk. Since EOs do not specifically target pathogens; they also have
the potential to affect eukaryotic cells in a reversible, or irreversible manner [3]. One component
that contributes to the stability of EOs as antimicrobials is the presence of nanoparticles (NPs)
functionalized within the EO itself. The NP’s render the EO impervious to the defenses of
pathogens due to their increased chemical stability and solubility, decreased rapid evaporation
and minimized degradation of the active EO biochemical components. The application of
encapsulated EO’s also supports controlled and sustained release, enhancing bioavailability and
efficacy against multidrug-resistant pathogens. EO’s are also highly “hydrophobicity”; which is, the
Page 196/206

OBM Integrative and Complementary Medicine 2020; 5(2), doi:10.21926/obm.icm.2002031

ability of EO’s to permeate cellular lipid layers enabling them to partition themselves with the
lipids present in the cell membrane of microbes and their mitochondria, disturbing the cells
structure rendering the pathogenic microbe more permeable. The permeability eventually results
in the death of pathogenic cell as leakage of critical molecules and ions occurs destroying the cell
[4].
6. Treatment of Coronaviruses
According to the World Health Organization (WHO) website on coronavirus 2019, no
pharmaceutical products have yet been shown to be safe and effective for the treatment of
infections by COVID-19 [12]. The correlation between viral loads and clinical outcome suggests
that suppression of viral replication by effective antiviral drugs should be the key to preventing
morbidity and mortality; however, in vitro susceptibility test results are often conflicting, and
disappointing. An alternative treatment to pharmaceutical antivirals may lie in herbal
phytochemicals. Research on combination herbal formulations have been found to possess some
antiviral activity against SARS-CoV in vitro [6]. The antimicrobial effects of extracts from plants are
linked to their unique, complex composition and cytotoxic effects of the individual
phytochemicals. Lipophilic characteristics allow EOs to pass through the cell membrane where
they alter the structure of the polysaccharide, fatty acid, and phospholipid layers, making the viral
membrane permeable [3, 21]. Many essential oils (EO) exert their antiviral effects by either
inhibiting the formation of viral DNA or RNA or, inhibiting the activity of viral reproduction (Figure
1) [17, 22]. Viruses in general are more difficult to eradicate due to having numerous invasion
strategies with each strain having its own unique configuration of surface molecules. The surface
molecules act like a key in a lock mechanism enabling the viruses to enter into hosts by precisely
fitting the molecules on their surfaces to the target cell surface membrane. In addition, viruses
have vast genetic variation, wide variety in means of transmission, efficient processes of
replication within host cells, and the ability to persist in the host seemingly impervious to the
immune system response [17].
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Figure 1 Replication of SARS-CoV virus.
7. Specific Essential Oils with Potential SARS-CoV Antiviral Properties
Specific EOs that have been shown to have antiviral properties include Cinnamomum
zeylanicum, Daucus carota, Eucalyptus globulus, Syzygium aromaticum and Origanum vulgare
*23+. One should note that most of studies highlighted reported synergetic effects of EO’s, rather
than individual impact. Essential oils are extremely concentrated, complex mixtures of
phytochemicals that have as their main constituents’ terpenes, terpenoids, and phenylpropanoids
that are responsible for their biologic properties. Herbals and essential oils (EOs) have been used
in medicine for centuries because of biological properties such as larvicidal, antimicrobial,
analgesic and anti-inflammatory, antioxidant, fungicide, and antitumor activities. Of the 250-300
commercially available EOs, many exhibit antimicrobial properties with about a dozen possessing
high antimicrobial potential EOs may represent a viable alternative to synthetic and/or
pharmaceutical antiviral compounds due to the fact that organisms cannot develop resistance
against the 100s of phytochemicals fast enough for resistant strains to form. Many of the
hundreds of constituent ingredients in EOs alone, or in combination, have been shown to be
effective antivirals and antimicrobials [24]. Won-Young Bae and Hyeong-Yeop Kim, et al (2019)
evaluated specific known antiviral EOs to determine if they may be useful against SARS-CoV. The
oils chosen included extracts of three medicinal herbs (Brassica juncea, Forsythia suspensa, and
Inula britannica) were prepared using ethanol or water. The total phenolic, flavonoid, and saponin
content, condensed tannin content, and reducing sugar content of the herb extracts were
determined via phytochemical screening. Of the three medicinal herbs studied, F. suspensa
showed the highest concentration of phenolic compounds, flavonoids, and saponins; however, the
extract of B. juncea showed an impressive 3 Log TCID50/25 μL virus titration reduction and the
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water extract showed a selectivity index of 13.668 against infected influenza H1N1 virus with no
evidence of hepatotoxicity or hemolysis. Extract of I. britannica showed the most effective virus
titration decrease; however, its hemolytic and hepatotoxicity values were the most significant of
the three EOs. The authors concluded that of the three EOs tested, B. juncea may show antiviral
effects against H1N1 in vivo with fewer potential side effects compared to other antiviral agents
[25].
Table 1 Proposed mechanism of action of herbal antivirals.
Proposed Mechanism of Action of Essential Oils
1. The 100’s to 1000’s of phytochemicals act synergistically
2. Chemotoxicity of phytochemicals damages pathogenic cell membranes
3. Lipophilic properties allow EOs to easily pass through the viral membrane
4. Once inside the membrane, EO chemotoxins destroy polysaccharide, fatty acid and phospholipid
layers
5. Nanoparticles render the EO impervious to viral defense systems due to chemical stability,
sustained release and enhanced bioavailability
6. The hydrophobicity of EOs enables them to partition themselves in cell membrane lipids
disturbing viral cell structure and making viral membranes more permeable
7. The permeability results in the death of the virus
8. Signaling cascades are disrupted inhibiting viral replication
9. The end results is the death of the virus.
Some currently available compounds that have been identified at the 17th International
Conference on Antiviral Research proceedings by Vijgen L, Keyaerts E, Van Damme E et al., (2004)
as SARS-CoV replication inhibitors exhibiting diverse mechanisms of action are the
mannose-specific plant lectins derived from Galanthus nivalis (common snowdrop), Hippeastrum
hybrids (Amaryllis) and Allium porrum (leek). This group of plant lectins were shown to have
inhibitory effects on SARS-CoV replication, with selectivity indexes of up to 100, and EC50 values
as low as 1 µg/ml [26]. Licorice root (Glycyrrhiza radix) is a known anti-inflammatory substance in
Chinese medicine has long been known as an antiviral substance active in vitro against both RNA
and DNA viruses, including HIV. Unfortunately, even though Glycyrrhiza has been shown to inhibit
the replication of SARS-CoV, the concentration which is required to be effective is so high that it
would be difficult to achieve it in vivo [27]. In a study conducted by Lin and Tsai, et.al (2005)
evaluating Isatis indigotica (woad or glastum), is a flowering plant in the family Brassicaceae. I.
indigotica root extract was tested for anti-SARS-CoV coronavirus main proteinase (3CLpro) effects
using cell-free and cell-based cleavage assays. Of the 12 compounds in I. indigotica, only two
phenolic compounds, aloe emodin and hesperetin dose-dependently inhibited cleavage activity of
3CLpro in a cell-based assay [28]. A series of research studies by Li, Chen and Zhang, et al (2005)
on the antimicrobial effects of four herbal extracts showed moderate to potent antiviral activities
against SARS-CoV at a 50% effective concentration. Of four herbal extracts evaluated, Lycoris
radiata (licorice root) was most potent with identification of a single substance, lycorine, as a
potential anti-SARS-CoV component suggesting that the compounds containing lycorine are
potential candidates for development of new anti-SARS-CoV treatments (Table 1) [29].
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Essential oils from Eucalyptus globulus, M. alternifolia (tea tree) and Thymus vulgaris (thyme)
have been examined for potential antiviral activity, specifically by their major monoterpene
compounds alpha-terpinene, carvacrol, gamma-terpinene, alpha-pinene, p-cymene, terpinen-4-ol,
alpha-terpineol, thymol, citral and 1,8-cineole [19]. M. alternifolia EO has been shown to be
effective against various influenza viruses, HSV-1 and SARS-CoV viruses by inhibiting the
proliferation of the enveloped virus inside cells, according to research conducted by Lelesius, R. &
Karpovaite, A., et al (2019). Ethanol extracted plant material studied in vitro that interfered with
SARS-CoV infections included three very effective EOs including peppermint (Mentha piperita),
thyme (T. vulgaris), and showy tick-trefoil (Desmodium canadense) [30]. The antimicrobial activity
of T. vulgaris is probably the most well-studied of the EOs, according to Salehi & Abu-Darwish, et
al (2019) [31]. The main biochemically active components of thyme EO are thymol (36–55%) and
p-cymene (15–28%). Thyme EO as a compound is characterized by strong bactericidal, antifungal,
antiviral and anti-parasitic properties, with relatively low toxicity to humans and animals. When
thyme as an EO is used as an antimicrobial, recommended composition of compounds should be
in the following ranges: γ-terpinene (5–10%), linalool (4–6.5%), carvacrol (1–4%), β-myrcene (1–
3%) and terpin-4-ol (0.2–4.0%). Thymol also contains monoterpene hydrocarbons, such as α-tujen,
α-pinene, α-terpinen, camphor myrcen, and the oxygen derivatives of monoterpenes, 1.8-cineol,
linalool, terpin-4-ol, and γ-terpinol, camphor and borneol. Sesquiterpene hydrocarbons in thyme
have been identified as including α-humulene, α-kopene, kubeben, α-gurjunen, germacren D, αand γ-muurolen, and γ- and δ-cadinene. In vitro, thyme EO has antiviral activity active against the
DNA virus, herpes simplex-1 (HSV1) with half maximal inhibitory concentration (IC50) values of 11
µg/mL, and also displayed 100% inhibitory activity in the liquid phase at 3.1 µL/mL concentration
against the RNA virus influenza A1/Denver/1/57 (H1N1) with 30 minute exposure. The mechanism
of action of thymol is mainly attributed to its low polarity, which easily interferes with the lipid
bilayer of the viral cell membrane, changing its fluidity and permeability rendering it inactive [14,
32]. Another EO, Eucalyptus globulus that has antimicrobial activity against viruses, bacteria,
yeasts, and fungi may be promising as well. E. globulus EO, rich in 1,8-cineole (88%), was active
against HSV-1 in vitro and was able to suppress viral multiplication by >96%. E globulus acts by
directly inactivating free-virus particles and might also interfere with virion envelope structures
required for entry into host cells (Elaissi, Rouis and Salem, et al [2012]) [33]. Blends of
Cinnamomum zeylanicum, Daucus carota, E. globulus and Rosmarinus officinalis EOs were
effective against several antibiotic resistant strains of bacteria, and also against influenza (H1N1)
viruses in vitro [3]. Chemical analysis of inhibitory activity by EO’s against SARS-CoV and HSV-1
replication in vitro was conducted by Loizzo, Saab, et al., (2008) by visually scoring of the
virus-induced cytopathogenic effect post-infection. Laurus nobilis (Bay Laurel) EO exerted an
interesting activity against SARS-CoV with an IC (50) value of 120 microg/ml and a selectivity index
(SI) of 4.16. L. nobilis EO was characterized by the presence of beta-ocimene, 1,8-cineole,
alpha-pinene, and beta-pinene as main constituents. Additionally, Juniperus oxycedrus (Cade) EO,
in which alpha-pinene and beta-myrcene were major constituents, revealed antiviral activity
against HSV-1 with an IC (50) value of 200 microg/ml and a SI of 5 [34].
Of the very few studies that look at the use of phytochemicals from plants specifically against
the SARS-CoV RNA virus, a large in vitro study by Wen & Kuo, et al., (2007) of 221
phytocompounds against SARS-CoV that included ten diterpenoids, two sesquiterpenoids, two
triterpenoids, five lignoids, curcumin, and reference controls of niclosamide and valinomycin
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(known potent inhibitors) at concentrations between 3.3 and 10 microM. Of the compounds
studied, betulinic acid and savinin were competitive inhibitors of SARS-CoV 3CL protease with Ki
values = 8.2 +/- 0.7 and 9.1 +/- 2.4 microM, respectively. Additional findings suggest that specific
abietane-type diterpenoids and lignoids exhibited the strongest anti-SARS-CoV effects [35]. A
study by Loizzo and Saab, et al (2008) evaluating the potential for a single EO, sage (Salvia
officinalis) against SARS-CoV replication demonstrated that both the raw plant material as well as
the extracts and EO obtained from S. officinalis was active against SARS-CoV viruses obtained from
the sputum of a patient hospitalized with a diagnosis of SARS in Frankfurt University Hospital. It is
worth noting that the overriding clinical feature of SARS is the rapidity with which many patients
develop symptoms of acute respiratory distress syndrome (ARDS) . Sage EO was effective against
development of ARDS at IC50 = 870 mg/ mL [34]. In similar studies of the H1N1 (swine flu) RNA
virus, sage EO was effective in reducing viral infectivity by >96%. According to an extensive review
by De Clercq (2006), when sage EO was studied against HSV, the isolated monoterpenes alone
inhibited HSV by about >80% [27].
Another potential plant source of antiviral activity against SARS-CoV is Angelica keiskei,
commonly known under the Japanese name of ashitaba which means "tomorrow's leaf". A. keiskei
is a species of flowering plant in the carrot family. Park, Ko, and Kim (2016) evaluated nine
alkylated chalcones and four coumarins isolates from A. keiskei were evaluated for their activity
against SARS-CoV. The authors concluded that of the isolated alkylated chalcones, only
chalcone-6, which contains a perhydroxyl group, exhibited the most potent 3CL (pro) and PL (pro)
inhibitory activity with IC50 values of 11.4 and 1.2 µM *36+. Another herbal of interest against
SARS-CoV that is used in Traditional Chinese medicine for respiratory viruses is Strobilanthes cusia
(Nees). Methanol extracts of S. cusia leaf were found to contain chemical components such as
β-sitosterol, indirubin, tryptanthrin, betulin, indigodole A, and indigodole B that have diverse
biological activities including antimicrobial activity. An extract of S. cusia leaf was shown to inhibit
human coronavirus NL63 (HCoV-NL63) viral infection in a concentration-dependent manner by
Tsai, Lee and Yen, et al (2019). Among the six components identified in the methanol extract of S.
cusia leaf were tryptanthrin and indigodole B (5aR-ethyltryptanthrin); of which tryptanthrin
exhibited the most potent antiviral activity in reducing the CPE and progeny virus production
giving it the strongest antiviral potential against HCoV-NL63 infection [37]. In vitro examination by
Weng and Lin (2019) of Sambucus FormosanaNakai, a species of elderberry which is a traditional
medicinal herb with anti-inflammatory and antiviral activity for potential use against HCoV-NL63
found that S. FormosanaNakai interrupted the replication capabilities of the virus. The mechanism
of action was thought to be the constituent phytochemicals in S. FormosanaNakai (caffeic acid,
chlorogenic acid and gallic acid) of which caffeic acid most significantly inhibited replication of
HCoV-NL63 in a cell-type independent manner, and specifically blocked virus attachment
(IC50 = 8.1 μM) (Figure 1) *38+.
A key enzyme in the processing of viral polyproteins thereby contributing significantly to the
biogenesis of viral replication in SARS-CoV is the papain-like protease (PLpro) complex.
Coronavirus proteases, PLpro and 3C-like protease (3CLpro), are attractive antiviral chemical
targets because those proteases are essential for coronavirus replication. The primary function of
PLpro and 3CLpro are to process the viral polyprotein in a coordinated manner; however, PLpro
has the additional function of stripping ubiquitin and interferon-stimulated gene-15 (ISG15) from
host-cell proteins to aid coronaviruses in their evasion of the host innate immune responses [2].
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Studies have shown that PLpro requires a zinc-binding domain and a catalytic triad
(Cys1651-His1812-Asp1826) instead of a catalytic dyad for protease activity [39]. Asp1826 and the
four cysteine residues involved in zinc binding are essential for SARS-CoV PLpro activity. Molecular
modeling and analysis of activity of SARS-CoV PLpro by Barretto and Jukneliene et al (2015)
determined that this catalytic core may also have deubiquitinating activity. Further examination of
the activity of SARS CoV-PLpro found that it hydrolyzed both diubiquitin and
ubiquitin-7-amino-4-methylcoumarin (AMC) substrates. Hydrolysis of ubiquitin-AMC is thought to
be approximately 180-fold more efficient than hydrolysis of a peptide substrate that mimics the
PLpro replicase recognition sequence [39]. Additionally, it was discovered that PLpro recognizes
the consensus cleavage sequence LXGG, which is also the consensus sequence recognized by
cellular deubiquitinating enzymes. Barretto and Jukneliene concluded that the similarity in the
substrate recognition sites should be an important consideration during the development of
SARS-CoV PLpro inhibitors [39].
In vitro research was conducted by Kim and Seo, et al (2014) to examine the potential of a plant
extract from Psoralea corylifolia (common name is babchi in Asia) to interrupt PLpro
deubiquitinating enzymes. P. corylifolia has been used traditionally for skin-related conditions
such as psoriasis, vitiligo and is used because its chief constituent psoralen is a photoactive
furocoumarin that binds to DNA when exposed to UV light to form photoproducts with pyrimidine
base. A review of the traditional uses and constituent ingredients in P. corylifolia found a wide
range of phytochemical constituents that have been isolated from the plant possessing important
bioactive functions that are antimicrobial, antibacterial, antiviral, antifungal anti-inflammatory,
antitumor, hepatoprotective, anti-psoriasis, anthelmintic, antidiabetic and immunomodulation.
The major components in extracts from P. corylifolia, psoralen and isopsoralen, have been
identified as the phytochemical components with the highest antitumor, antibacterial, and
antiviral properties [40]. Research evaluating the phytochemicals in P. corylifolia uncovered the
presence of fourteen compounds including aromatic, sesquiterpenes, furocoumarins, sterols, fatty
acid and their methyl esters. P. corylifolia seeds contain unique phytochemicals with considerable
antimicrobial activity validating their use in traditional medicine and suggesting their potential as a
source of new natural antimicrobial compounds. Bioassay directed purification assays of the active
compounds in P. corylifolia identified new compounds, corylifolin-1, and bakuchiol-2, which are
both potent DNA polymerase inhibitors [41]. Ethanol extracts from the seeds of P. corylifolia
found that the extract showed high activity against the SARS-CoV PLpro with an IC50 of value of 15
microg/ml [42]. Evaluation of the bioactivity-guided fractionation of the ethanol extract of P.
corylifolia uncovered six aromatic compounds which were identified as bavachinin,
neobavaisoflavone, isobavachalcone, 4'-O-methylbavachalcone, psoralidin and corylifol A. All six of
the isolated flavonoids inhibited PLpro in a dose-dependent manner with IC50 ranging between
4.2 and 38.4 µM [42].
8. Summary
SARS-CoV represents a novel group of RNA viruses that rapidly develop into deadly illness
within a matter of days to weeks. There are no known treatments for prevention or eradication of
SARS-CoV to date. Antiviral medications that have been used to treat or control other viral
infections have been ineffective and therefore, it is imperative to consider alternatives to current
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antiviral treatment options for this disease. Research targeting PLpro with antiviral drugs may
provide an answer to inhibiting viral replication as well as inhibiting the dysregulation of signaling
cascades in infected cells leading to cell death in surrounding, uninfected cells. P. corylifolia seed
extracts and certain EOs have been used successfully as antimicrobials for centuries and have
been shown to be effective against various types of pathogenic viruses including SARS-CoV in
vitro. Of the EO choices available, those highest in monoterpenes seem the most likely to be
effective that should be studied against SARS-CoV include Salvia officinalis (sage), Psoralea
corylifolia seed extracts, Melaleuca alternifolia, Thymus vulgaris (thyme) and Brassica juncea EOs.
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