Original article

UDC: 616.72-002
do0i:10.5633/amm.2021.0402

COHERENCE SCORES AND COHERENCE LEVEL: MODIFICATION
EFFECTS OF HYDRO-AROMATHERAPY AND MINDFULNESS
MEDITATION ON PATIENTS SUFFERING FROM INFLAMMATORY
RHEUMATIC DISEASES

Vjeroslava Slavié!, Ivan Laki¢evic?, Jadranka Glisi¢!, Danijela Randjelovi¢!, Gordana Rajovic!

Heart rate variability (HRV) and coherence score (CS) or coherent heart rhythm pattern
are a validated method to establish autonomic nervous system (ANS) activity.

The aim of this research was to assess the modifications of CSs in a sample of patients
suffering from inflammatory rheumatic diseases during their physical treatment and
rehabilitation based on natural factors as well as hydro-aromatherapy and meditation.

This study included 44 Norwegian patients with confirmed diagnosis of inflammatory

rheumatic diseases during four weeks of physical treatment and rehabilitation at the Institute
"Dr Simo MiloSevic¢" Igalo, Montenegro. They were divided into two groups: (1) experimental (n
= 22) and (2) control (n = 22). All the patients received the standard protocol based on natural
healing mud and mineral water. However, the patients in the experimental group had additional
hydro-aromatherapy (mineral water enriched with essential oils of lavender, orange and lemon)
and meditation. The emWave Pro machine measured CS before and after the treatment. There
were three coherence levels (CL): low, medium and high. Low reflected the amount of time in
which there was no wavelike activity, medium some wavelike activity, and high a considerable
amount of wavelike activity in the HRV tracing.

After the treatment, the CS was found to be significantly higher in the experimental
group than in the control group (p < 0.015). Simultaneously, the high CL was significantly
higher in the experimental group (p < 0.026), and the low CL was significantly lower in the
control group (p < 0.017). Comparison of the obtained CLs between the experimental and
control groups after treatment showed that only the medium CL was statistically different (p <

0.009).

Standard protocol at the Institute Igalo with the addition of hydro-aromatherapy and
meditation significantly improved the ANS activity of patients suffering from inflammatory

rheumatic diseases.
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Introduction

Diseases, especially of a chronic nature, such
as chronic inflammatory rheumatic diseases (CIRDs),
often cause major changes in the way a person
functions and affect all aspects of life (1). The sense
of coherence (SOC) concept was initially used to
describe a person’s capacity to respond to stressful
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situations, such as chronic illness (2). It was sub-
sequently replaced by physiological coherence (PC),
a term that describes the degree of order, harmony
and stability in rhythmic activities within living sys-
tems over any given time period (3).

In the human body, the heart is the most
consistent and dynamic generator of rhythmic in-
formation patterns, which are measured as heart
rate (HR) on a beat-to-beat basis. HR fluctuations
result from the complex nonlinear interactions of
several physiological systems. HR variability (HRV) is
thus considered a measure of neurocardiac function,
which reflects the heart-brain interactions and auto-
nomic nervous system (ANS) dynamics (4, 5). In
this complex network, the vagal nerve (VN) plays a
central role, being the longest cranial nerve in the
human body, containing about 75% of the para-
sympathetic (PSY) fibres. Of these VN fibres, 80-
90% are afferent, and they generate the appropriate
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autonomic responses via central reflex pathways
(6). Simultaneously, the VN efferent fibres dominate
in cardiac control (7). Therefore, HR best reflects the
relative balance in the ANS dynamics (8).

Autonomic imbalance (AI), defined as an in-
creased HR and a decreased HRV, has attracted the
attention of researchers. According to published
studies, Al is associated with increased morbidity
and mortality in patients with various diseases (9),
and it has been implicated as a key underlying
feature of several inflammatory arthritides (10). The
association of AI with the onset of rheumatoid
arthritis (RA) could also be important for other im-
mune-mediated inflammatory diseases (11). To fur-
ther understand this phenomenon, Al has been defi-
ned as an immunomodulatory or inflammatory ref-
lex. In this reflex, activation of the VN plays an in-
tegral role in the downregulation of inflammation
(12). However, decreased VN function precedes the
development of several risk factors for cardiovascu-
lar disease (13).

It seems that the inflammatory or immuno-
modulatory reflex, an integral aspect of the patho-
genesis of inflammatory diseases mediated by the
immune system, may be altered or modified by
neuromodulation for the benefit of the patient (14).
Mindfulness meditation (MM) is one of the non-inva-
sive neuromodulation modalities aimed at enhancing
parasympathetic tone (15). Recent well-controlled
studies have indicated that MM training may reduce
the concentration of inflammatory markers, such as
C-reactive protein (CRP) and interleukin 6 (IL-6)
(16).

Published studies have shown that aromatic
oils (AOs) can also serve as stimulus for the non-
invasive neuromodulation of the immunomodulatory
reflex. Through the olfactory stimulus, AOs have
various effects on physiological functions (17), es-
pecially the ANS (18). Their beneficial effects are not
limited to only the olfactory system because they
can enter the bloodstream by absorption through
the skin and nasal and/or oral mucous membranes.
In addition, as lyophilic substances, they can reach
the brain. Consequently, AOs cause broad-spectrum
effects, including brain wave activity and the norma-
lisation of cortisol, dopamine and norepinephrine
levels, as well as the CD4/CD8 lymphocyte ratio
(19-22).

The aim of this research was to assess the
modification of coherence score (CS) and coherence
level (CL) in a sample of patients suffering from
inflammatory rheumatoid diseases during their phy-
sical treatment and rehabilitation based on natural
factors as well as hydro-aromatherapy and medita-
tion.

Materials and methods

This study included 44 Norwegian patients
with confirmed diagnosis of CIRD recruited by the
Section for Climate Therapy, Oslo University Hos-
pital, Norway, and subjected to four weeks of phy-
sical treatment and rehabilitation at the Institute
"Dr Simo MiloSevic" Igalo, Montenegro in August and
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September 2018. The CIRD implied following diag-
nosis: rheumatoid arthritis (RA), ankylosing spondy-
litis (AS) and psoriatic arthritis (PsA). They were
divided into two groups:

(1) experimental (n = 22) and

(2) control (n = 22).

The groups did not differ in average age and
disease duration (50y vs. 55y; 14y vs. 17y). All the
patients included in the study were in remission of
the underlying disease with low disease activity
based on clinical and laboratory parameters. During
treatment at the Institute, all the patients were
taking prescribed rheumatological therapy. So, there
were no contraindications for the use of the standard
protocol, based on natural healing mud and mineral
water. Natural healing mud is characterized by high
mineral contents and biologically active substances
extracted from Igalo Bay. It is applied on certain
body parts (except at the fore part of the thorax-
heart and head) at a temperature of 42-45 ©C.
Mineral water is of natural origin from several
springs and in its content is dominated by minerals
and bioactive substances. Water is used when
heated at 36-38 °C.

The patients in the experimental group had
additional hydro-aromatherapy, which comprised
mineral whirlpool bath enriched with essential oils of
lavender, orange and lemon, every other day, as
well as 20 min of mindfulness-type meditation five
days per week.

The emWave Pro device was used to measure
the CSs before and after the four weeks of treat-
ment. As a heart-rate monitoring system, the device
used a pulse sensor (on the subject's earlobe) and
breath pacer (on the subject's clothes) plugged into
a computer, collected pulse data and translated co-
herence information into graphics displayed on com-
puter screen. The device gave readings with regard
to date, time, session duration, coherence score,
average heart rate, challenge level and coherence
rate. During each session measurements were con-
tinuously monitored and were displayed as num-
bers, coloured bars, and curves.

Physiologically, the coherence state was ref-
lected in the presence of a smooth sine-wave-like
pattern in the HRV tracing. The total CSs ranged as
follows: basic (0.5-1), good (1-2), very good (2-3)
and excellent (+3). There were three levels of CS:
low, medium and high. A low CS reflected the
amount of time during which there was no wavelike
activity, medium indicated some wavelike activity,
and high reflected a considerable amount of wave-
like activity in the HRV tracing (22). Testing on the
emWave Pro machine took 15 min in an air-con-
ditioned room and in silence. Patients took a sitting
position. The device was set to a mid-level challenge
for testing. The study was approved by the Ethical
Committee of the Faculty of Medicine, University of
Montenegro.

The results were statistically analysed in IBM
SPSS Statistics, Version 23.0 software. The analyses
included descriptive statistics and the paired t-test.
A p value of < 0.05 was considered statistically sig-
nificant.
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Results

The analysed groups of patients were
matched by age and disease duration. However, fe-
males were more represented in both groups (ex-
perimental group, 60.9%; control group, 73.9%).
The standard protocol significantly reduced HRs in
the control group (t = 2.631; p < 0.016), but not in
the experimental group (Table 1).

The average CSs in the experimental group
after four weeks of treatment were significantly
higher (t = 2.663; p < 0.015) than those in the con-

trol group. However, the differences in the CS
ranges obtained before and after treatment were not
statistically significant (Table 2).

The following results were obtained in the
groups after analysing the impact of the treatment
on the CS levels. First, high CS levels significantly
increased in the experimental group (t = 1.926; p <
0.026); second, low CS levels significantly decreased
in the control group (t = 2.795; p < 0.017); third,
the medium CS levels were significantly lower in the
experimental group than in the control group (t =
2.923; p < 0.009) (Table 3).

Table 1. Heart rates before and after treatment in the experimental and control groups (mean £ SD)

HR (mean = SD) Before treatment After treatment p<
Experimental group (n = 22) 74.86 £ 11.62 73.76 £ 10.87 n.s.
Control group (n = 22) 77.00 + 13.54 72.10 £ 11.04 0.016
Table 2. Coherence scores and Coherence score ranges before and
after treatment in the experimental and control groups
Experimental group (n = 22) Before treatment After treatment p <
Coherence score (mean £ SD) 0.9619 £ 0.2941 1.2524 £ 0.7075 0.015
Coherence range (%)
Basic 50 25 n.s.
Good 50 60 n.s.
Very good 0 10 n.s.
Excellent 0 5 n.s.
Control group (n = 22) Before treatment After treatment p <
Coherence score (mean £ SD) 1.0200 £ 0.4034 1.2850 + 0.6327 n.s.
Coherence range (%)
Basic 63.16 47.37 n.s.
Good 36.84 36.84 n.s.
Very good 10.53 n.s.
Excellent 5.26 n.s.

Table 3. Coherence score levels before and after treatment in the experimental and
control groups (mean value £ SD)

Experimental group (n = 22) Before treatment After treatment p <

Low 46.9048 + 16.2077 40.3810 + 21.2402 n.s.

Medium 42 £ 11.9121 39.2857 + 9.8242 n.s.
High 11.0952 £+ 7.2381 20.3333 £ 21.5414 0.026

Control group (n = 22) Before treatment After treatment p <
Low 43.9500 + 18.4604 32.25 £ 18.4872 0.017

Medium 40.4 £ 12.0499 48.35 £ 15.9317 n.s.

High 15.85 + 11.2216 19.5 £ 20.1847 n.s.

11



Coherence scores and coherence level: modification effects of...

Vjeroslava Slavi¢ et al.

Discussion

We investigated the effectiveness of hydro-
aromatherapy (HAT) and MM, as well as physical
treatment and rehabilitation, on the possible non-
invasive neuromodulation of ANS in patients with
established CIRD. This study was carried out at the
Institute Igalo, which is known for its natural factors
and more than 70 years of experience in the phy-
sical treatment and rehabilitation of patients with
rheumatological diseases. Hence, the focus was on
the determination of physiological stress or HRV as a
simple noninvasive measurement of autonomic ba-
lance through changes in CS levels.

It has long been postulated that ANS, parti-
cularly the PSY, modulates the immune system in
chronic inflammatory diseases. It also has anti-
nociceptive effects (23). Indeed, the PSY maintains
the homeostasis of the psycho-neuroendocrine-im-
mune system through the afferent (to the hypo-
thalamus, central ANS, limbic system, thalamus and
cortex) and efferent (cholinergic anti-inflammatory)
pathways (24).

According to the literature, AOs have a
powerful neuromodulatory effect. Furthermore, their
ingredients have shown significant pharmacological
activities, including anti-inflammatory properties (25),
such as the reduction of oxygen and nitrogen radi-
cals and the expression of proinflammatory cytoki-
nes, during chronic inflammation (26). Thus, laven-
der oil was confirmed to suppress inflammation and
to restore antioxidative enzyme activity (27).
Orange and lemon oils have central and peripheral
antinociceptive effects in addition to their anti-in-
flammatory effect (28). In our study, aromatic oils of
lavender, orange and lemon were applied during
HAT, which, in addition to transcutaneous absorp-
tion, have significant effects through the nasal mu-
cosa.

Another important neuromodulation tool, MM,
was used in this study. Recent well-controlled
studies have indicated that MM training could reduce
inflammatory markers, such as CRP and IL-6 (29),
cortisol, blood pressure, HR and tumour necrosis
factor alpha (TNF o) (30). Despite the growing po-
pularity of MM, the neurobiological mechanisms by
which MM might affect stress are not well under-
stood (31).

Previous studies have indicated that im-
proving the coherence state may lead to improve-
ments in patients suffering from CIRD (8). Thus,
four weeks of treatment by HAT and MM, in addition
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to the standard rehabilitation protocol, resulted in
significantly improved CS and its levels. Our goal
was to understand the possible neuromodulatory
mechanisms of HAT and MM by analysing CS and its
levels. HAT and MM, along with the standard reha-
bilitation protocol, led to a significant increase in the
high CS level. At the same time, standard reha-
bilitation protocols alone, based on natural factors,
significantly reduced the low CS level. According to
the literature, the low CS level reflects hormonal
(e.g., renin-angiotensin-aldosterone activity) and
thermoregulatory effects on the heart. A medium CS
level is modulated by the sympathicus (SY) and
PSYs, and it is associated with baroreceptor activity.
A high CS level is modulated by the PSYs, and it is
related to respiration (32-34). This means that HAT
and MM, with the standard protocol, enhances PSY
activities, whereas the sole use of the standard pro-
tocol enhances SY activities, including HR. Further-
more, a statistically significant decrease in the CS
levels in the experimental group indicates that HAT
and MM have significant effects on PSY activity.

This pilot study has highlighted the import-
ance of activating the innate healing mechanism
underlying symptom suppression through the non-
invasive neuromodulation of the ANS in order to im-
prove the CS levels. Thus far, the importance of the
innate healing mechanism has not been fully appre-
ciated (22).

Despite recent advances in treatment optimi-
zation using biological and immunomodulatory ther-
apies in rheumatologic patients, their use has been
accompanied by significant side effects and an in-
crease in the prevalence of comorbidities. The com-
mon protocols for physical treatment and rehabili-
tation are aimed at increasing mobility, reducing
pain and, thus, improving quality of life. CIRD is
characterized by disorders of the immune system,
as well as oxidative and metabolic stress, which
affect the overall CS levels.

The results of this study indicate that HAT and
MM, along with the natural factors at the Institute
Igalo, significantly improved ANS activity, especially
PSY, in patients suffering from inflammatory rhe-
umatoid diseases.
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Nedavno su varijabilnost otkucaja srca (HRV) i koherentni rezultat (CS) ili koherentan
obrazac sréanog ritma prihvacene kao validirane metode za uspostavljanje aktivnosti auto-
nomnog nervnog sistema (ANS).

Cilj ovog istrazivanja je proceniti modifikacije CS-a u uzorku bolesnika koji pate od
upalnih reumatoidnih bolesti, tokom njihovog fizikalnog lecenja i rehabilitacije, na osnovu
prirodnih faktora, kao i hidroaromaterapije i meditacije.

Ovo istrazivanje obuhvatilo je 44 norveska bolesnika sa potvrdenom dijagnozom
inflamatornih reumatoidnih bolesti, tokom Cetiri nedelje fizikalnog le¢enja i rehabilitacije u
Institutu ,,Dr Simo MiloSevi¢" Igalo, Crna Gora. Bolesnici su podeljeni u dve grupe: (1)
eksperimentalna (n = 22) i (2) kontrolna (n = 22). Svi bolesnici dobili su standardni protokol
zasnovan na prirodnom lekovitom blatu i mineralnoj vodi. Medutim, bolesnici u eksperi-
mentalnoj grupi imali su dodatnu hidroaromaterapiju (mineralna voda obogacdena eteri¢nim
uljima lavande, narandze i limuna) i meditaciju. Masina emVave Pro merila je CS, pre i posle
tretmana. Postojala su tri nivoa koherentnosti (CL): niski, srednji i visoki. Nizak nivo
koherentnosti odrazavao je koli¢inu vremena u kojem nije bilo talasne aktivnosti, srednji nivo
imao je neku talasnu aktivnost, a visoki nivo koherentnosti imao je znacajnu koli¢inu talasne
aktivnosti u pra¢enju HRV-a.

Nakon tretmana, utvrdeno je da je CS znacajno vedi kod bolesnika iz eksperimentalne
grupe nego kod bolesnika iz kontrolne grupe (p < 0,015). Istovremeno, visoka CL bila je
znacajno veca kod bolesnika iz eksperimentalne grupe (p < 0,026), a niska CL bila je
znacajno niza kod bolesnika iz kontrolne grupe (p < 0,017). Poredenje dobijenih CL izmedu
eksperimentalne i kontrolne grupe nakon tretmana pokazalo je da je samo CL medijuma
statisticki razlic¢ito (p < 0,009).

Standardni protokol u Institutu Igalo uz dodatak hidroaromaterapije i meditacije
znacajno je poboljsao aktivnost ANS bolesnika koji pate od upalnih reumatoidnih bolesti.
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