
INTRODUCTION

The mind is based not solely on brain structure and func-
tion but on the continuous interactions of the brain with the 
body and external world.1 The positive attitude of a person 
who controls stress through mind-body training (MBT)2 is 
expected to improve the regulation of the nervous and im-
mune systems, because stress affects both systems.3 Thus, 
stress reduction through MBT, as shown in our previous 
study,2 contributes to the health of both the nervous and im-
mune systems, which closely interact with one another.4 
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Pro-inflammatory cytokines such as tumor necrosis factor 
(TNF)-alpha and interleukin (IL)-6 promote inflammation, 
whereas anti-inflammatory cytokines such as IL-10 suppress 
the activity of pro-inflammatory cytokines.5,6 However, IFN-
gamma, which possesses antiviral activity and is associated 
with auto-inflammatory activity and autoimmune diseases, 
may function differentially depending on the biological pro-
cess.5 IFN-gamma is a pro-inflammatory cytokine because it 
augments TNF activity and induces nitric oxide,5 whereas IFN-
gamma and macrophages play key roles in anti-inflammato-
ry activity.7 Higher levels of burnout symptoms result in higher 
TNF-alpha levels,8 and IL-6 is significantly higher in melan-
cholic subjects.9 Mental stress increases IL-6 (pro-inflamma-
tory cytokines),10 whereas MBT decreases IL-6.11

The interaction of the central and autonomic nervous sys-
tems is altered by MBT meditation.12 Furthermore, the brain 
and immune systems are involved in functionally relevant 
cross-talk in which the central nervous system receives mes-
sages from the immune system, and messages from the brain 

ORIGINAL ARTICLE

Effects of Mind-Body Training on Cytokines and  
Their Interactions with Catecholamines

Joon Hwan Jang1, Hye Yoon Park2, UI Soon Lee3, Kyung-Jun Lee2, and Do-Hyung Kang2,4 

1Department of Medicine, Seoul National University College of Medicine, Seoul, Republic of Korea
2Department of Neuropsychiatry, Seoul National University Hospital, Seoul, Republic of Korea
3Global Cyber University, Cheonan, Republic of Korea
4Department of Psychiatry, Seoul National University College of Medicine, Seoul, Republic of Korea

ObjectiveaaMind-body training (MBT) may control reactions to stress and regulate the nervous and immune systems. The present study 
was designed to assess the effects of MBT on plasma cytokines and their interactions with catecholamines.
MethodsaaThe study group consisted of 80 subjects who practice MBT and a control group of 62 healthy subjects. Plasma catecholamine 
(norepinephrine, NE; epinephrine, E; and dopamine, DA) and cytokine (TNF-alpha, IL-6, IFN-gamma, and IL-10) levels were measured, 
and the differences between the MBT and control groups and the interactions of cytokines with catecholamines were investigated. 
ResultsaaA significant increase in IL-10+IFN-gamma was found in females of the MBT group compared with controls. Also, a signifi-
cant increase of IL-10 (anti-inflammatory cytokine) in the MBT group was shown in a specific condition in which TNF-alpha and IL-6 
(pro-inflammatory cytokines) are almost absent (≤1 ng/L) compared with controls. In the MBT group, significant positive correlations 
were found between IL-10 and the NE/E ratio and between IL-10 and the DA/E ratio, whereas the control group did not show any such 
correlations. 
ConclusionaaMBT may increase IL-10, under specific conditions such as a decrease of pro-inflammatory cytokines or E, which may 
regulate the stress response and possibly contribute to effective and beneficial interactions between the nervous and immune systems. 
 Psychiatry Investig 2017;14(4):483-490

Key Wordsaa Mind-body training, Stress, Cytokines, Catecholamines.

Received: March 7, 2016    Revised: May 18, 2016
Accepted: August 24, 2016    Available online: May 17, 2017
 Correspondence: Do-Hyung Kang, MD, PhD 
Department of Neuropsychiatry, Seoul National University Hospital, 101 Dae-
hak-ro, Jongno-gu, Seoul 03080, Republic of Korea
Tel: +82-2-2072-0690, Fax: +82-2-747-9063, E-mail: basuare@daum.net
cc  This is an Open Access article distributed under the terms of the Creative Commons 
Attribution Non-Commercial License (http://creativecommons.org/licenses/by-
nc/4.0) which permits unrestricted non-commercial use, distribution, and reproduc-
tion in any medium, provided the original work is properly cited.

https://doi.org/10.4306/pi.2017.14.4.483



484  Psychiatry Investig 2017;14(4):483-490

Effects of MBT on Cytokines

modulate immune functions, whose main function is to main-
tain homeostasis.4 In our previous studies, we found stress re-
duction in the MBT group compared with the control group.2 
Using the same samples as those in the previous study, we 
planned to elucidate the effects of MBT on cytokines related 
to the immune system and hypothesized that the decreased 
stress through MBT induces beneficial effects on the immune 
system. Also, we found the increased DA levels in MBT group 
in our previous study. On the basis of this previous result, we 
tried to find the association of cytokines with catecholamines 
as one of the effects of MBT in this study.2 Other previous 
studies have reported the effects of meditation on catechol-
amines13 or cytokines,11 and the results have been controver-
sial, but to date, there are no reports regarding the interac-
tions between catecholamines and cytokines with regard to 
the effects of MBT. Thus, the goal of this study was to elucidate 
the effects of MBT on cytokines and their interactions with 
catecholamines induced by MBT. 

METHODS

Subjects 
This study was approved by the Institutional Review Board 

at Seoul National University Hospital, and written informed 
consent was obtained from all participants after the proce-
dures had been explained fully. This study was conducted in 
accordance with the Declaration of Helsinki. The Structured 
Clinical Interview for DSM-IV Non-patient Version was used 
for assessing psychiatric disorders in participants. Exclusion 
criteria included a lifetime history of psychosis, bipolar dis-
order, major depressive disorder, substance abuse or depen-
dence, a significant head injury, a seizure disorder, or mental 
retardation. Subjects who were already practicing MBT were 
recruited in the MBT group, and subjects who were not prac-
ticing it participated in the control group voluntarily. This is 
not a randomized controlled or longitudinal study but a cross-
sectional study. No significant differences were observed in 
age or gender between the MBT (n=80) and control (n=62) 
groups. The MBT group consisted of 80 subjects (men=40, 
women=40) who regularly practiced MBT, ranging in age from 
18 to 36 years (mean±SD, 26±3). The control group consisted 
of 62 healthy subjects (men=38, women=24) who did not have 
prior experience with mind-body techniques with ages rang-
ing from 19 to 37 years (25±4). This study focused on a num-
ber of subjects who were homogeneous in age and practiced 
the same MBT. Plasma catecholamine and cytokine levels were 
measured in the same samples. Each blood sample was ex-
tracted at a random time during the day in both the control and 
MBT groups. The timing of the blood sample extraction was 
irrelevant to when the subjects engaged in MBT.

The content and methods of the MBT 
Subjects who were engaged in MBT usually participated in 

a one-hour program for about four or five days per week. The 
subjects in the MBT group had practiced MBT for a mean of 
44 months (range, 3–144 months). A total of 29 out of 80 sub-
jects had more than 5 years of MBT experience. All subjects 
in the MBT group engaged in Brain Wave Vibration MBT, 
which is a technique designed to relax both mind and body 
through natural rhythmic movements. This MBT consists of 
a series of Body and Brain Holistic Fitness exercises, includ-
ing three types of content: physical movements, deep breath-
ing exercises, and meditation practices. The first content con-
sists of physical movements, which are designed to ameliorate 
the physical symptoms resulting from the secretion of stress 
hormones and to improve the condition of the body.14 The 
second content consists of deep breathing exercises designed 
to facilitate the health of the limbic system that can become 
disrupted under the influence of stress and to improve emo-
tional regulation and self-regulation.15 The third content con-
sists of meditation practices designed to enhance mental mind-
fulness, peace of mind, concentration, and the ability to handle 
stress.16,17 Although the actual practice of this discipline resem-
bles yoga, martial arts, and meditation, this process also has 
distinctive content described as brain respiration, which focus-
es primarily on the brain and its development, including the Brain 
Wave Vibration. A comparative study by Bowden et al. provides 
more details about the way in which MBT is both different 
from and similar to mindfulness meditation and yoga.18

Cytokine assays
Blood was collected in anticoagulant EDTA tubes. After cen-

trifugation, the separated plasma was frozen at -80°C. TNF-
alpha, IL-6 (both from R&D Systems, Minneapolis, MN, USA), 
IFN-gamma, and IL-10 (both from Pierce Endogen, Rockford, 
IL, USA) were measured using enzyme-linked immunosor-
bent assay kits. Absorbance was measured at 450 nm in a mi-
croplate reader (Versamax; Molecular Devices, Sunnyvale, CA, 
USA). All plasma samples were coded such that the investiga-
tors ran the assay in a blinded condition. All measurements 
were run in triplicate, and the average values were used in the 
statistical analyses after subtracting the average value of the 
blanks. 

Catecholamine measurements and analysis 

Catecholamine measurements
Blood was collected in anticoagulant EDTA tubes. The plas-

ma separated by centrifugation was frozen at -80°C. The lev-
els of catecholamines were measured using the same blood 
samples as those from the cytokine assay. The plasma levels of 
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catecholamines were determined by high performance liquid 
chromatography. The mobile phase was a mixture supplied by 
Chromsystem (München, Germany). A mixture of norepi-
nephrine (NE), dopamine (DA), and epinephrine (E) was 
used as an external standard at predetermined concentra-
tions and supplied by the same company. Dihydroxybenzyl-
amine was used as the internal standard. A plasma catechol-
amine analysis system marketed by Chromsystem was used. 
A CLC-300 dosing pump with a flow rate of 1.1 mL/min was 
connected to a reverse-phase catecholamine C-80 (code no. 
5100/K) column. A model CLC-100 electrochemical detec-
tor was used, with its signal registered and integrated by the 
Chromsystem Geminyx registry and calculation terminal. 

Absolute levels and relative ratio analysis of plasma 
catecholamines

Plasma catecholamine levels were analyzed by two differ-
ent methods. The first method involved measuring the abso-
lute quantities of NE, E, and DA, and the second involved 
analysis of the relative levels of these substances, yielding 
data such as the NE/E and DA/E ratios. Catecholamines are 
derived from the amino acid tyrosine. Catecholamine-secret-

ing cells use several reactions to convert tyrosine serially to 
L-DOPA and then to DA, which may be converted further to 
NE or even further to E.19 Thus, the relative ratio of catechol-
amines can represent the relative quantity depending on the 
individual capacity of catecholamines. Stressful stimulus sig-
nificantly increased the NE and E levels and a slight decrease 
in the NE/E ratio was observed following mental stress.20 The 
decrease of the NE/E ratio in spite of the increase of the NE and 
E levels20 indicates the relatively greater increase of E than that 
of NE. Also, phenylethanolamine N-methyltransferase (PNMT) 
is an enzyme that converts NE to E, and an increase in stress 
hormones can cause PNMT to convert more NE into E. Thus, 
it is thought that this relative analysis is meaningful and ben-
eficial for elucidating the specific action and role of each cat-
echolamine. 

Statistical analysis
Pearson’s correlation coefficient was used to investigate the 

relationship between two variables, and the Bonferroni cor-
rection was used to counteract the problem of multiple com-
parisons. The data were analyzed using Student’s t-test to de-
termine if two sets of data are significantly different from 

Figure 1. Plasma cytokine levels (TNF-alpha, IL-6, IFN-gamma, IL-10) in the control and MBT groups. A: Control (N=62), MBT (N=80). B: 
Female groups: control (N=24), MBT (N=40). C: The increase of IL-10 in the MBT group when TNF-alpha and IL-6 were below 1 ng/L. Con-
trol (N=36), MBT (N=48). D: The increase of IL-10 in the high IFN-gamma subgroup (N=23) compared with the low IFN-gamma (N=57) in 
the MBT group. Low or high IFN-gamma levels are based on the median split. *p<0.05. MBT: mind-body training. 
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each other, and p-values less than 0.05 were considered sta-
tistically significant.

RESULTS

TNF-alpha and IL-6 levels in the MBT group showed lower 
levels than the control group, but did not reach the significant 
p-value (Figure 1A). A significant increase in IL-10+IFN-
gamma was found in the females of the MBT group compared 
with the females in the control group (p=0.035) (Figure 1B), 
but no difference was observed in males. The increase of IL-
10 was shown in the females of the MBT group, but did not 
reach the significant p-value (p=0.054) (Figure 1B). In cases 
with low levels of pro-inflammatory cytokines (TNF-alpha 
and IL-6 ≤1 ng/L), IL-10, which suppresses the activity of pro-
inflammatory cytokines, was increased significantly in the 
MBT group compared with the control group (p=0.038) (Fig-
ure 1C). The criteria of less than 1 ng/L TNF-alpha and IL-6 
levels indicate that these pro-inflammatory cytokines were 
practically absent. And, the criteria are meaningful and sup-
ported based on the report that TNF-α blockade induces IL-
10 expression.21 As the criteria are regarded as a useful meth-
od to elucidate dynamic interactions between pro-inflammatory 
cytokines and anti-inflammatory cytokines or between cyto-
kines and catecholamine levels, we analyzed our results on the 
basis of the criteria and the significant statistical results, which 
supported the importance of the criteria. Also, IL-10 was high-
er in the high IFN-gamma subjects than in the low IFN-gam-
ma subjects in the MBT group (p=0.041) (Figure 1D), imply-
ing that IFN-gamma may play the synergic and beneficial roles 
for the increase of IL-10 in the MBT group. 

In the low E level subgroup on the basis of the median split, 
IL-10 level subtracted by TNF-alpha or IL-6 in the MBT group 
was increased compared with the control group (Figure 2), 

indicating that the increase of anti-inflammatory cytokine 
(IL-10) showed counteracting effect against pro-inflammato-
ry cytokines (TNF-alpha and IL-6). As E occurs in response 
to stress,22 the higher IL-10 level in low E is a meaningful result 
showing the beneficial effects of MBT on cytokines.

To find the possible interactions of cytokines with catechol-
amines, we investigated the correlations between cytokines 
and catecholamine ratios. The Bonferroni correction was ap-
plied only in correlation analyses, and p-values less than 0.006 
were considered statistically significant. In the MBT group, 
the positive correlation was found between IL-10 and the DA/
E ratio (p=0.002), and the correlation between IL-10 and the 
NE/E ratio (p=0.007) fell short of significant p-value (p<0.006), 
whereas the control group did not show any such correla-
tions (Table 1). 

We investigated the factors responsible for the results dis-
played in Table 1. We analyzed the additional correlations be-
tween cytokines and catecholamine ratios on the basis of the 
median split for stress and IL-10 and the corresponding cri-
teria (1 ng/L) for TNF-alpha and IL-6. First, subjects were 
divided into low and high stress groups based on the median 
split. When we analyzed the correlations between cytokines 
and catecholamine ratios in the low and high stress subgroups 
of the control group, we could not determine any correlation. 
However, in the MBT group, positive correlations were found 
between IL-10 and both the NE/E (p=0.005) and DA/E ra-
tios (p=0.006) in the low stress subgroup, whereas the high 
stress subgroup did not show any such (Table 2). Second, we 
divided the data according to the corresponding criteria (1 
ng/L) for TNF-alpha and IL-6 levels. In the control group, there 
was no correlation between cytokines and catecholamine ra-
tios according to the TNF-alpha and IL-6 level 1 ng/L criterion. 
However, in the MBT group, a positive correlation was shown 
between IL-10 and the NE/E ratio (p=0.002) in the subgroup 

Figure 2. The increase of IL-10 against TNF-alpha and IL-6 in low E subgroups of the MBT group compared with the control group. A: IL-10 
subtract TNF-alpha levels in low E subgroups of both groups (E≤median levels). B: IL-10 subtract IL-6 levels in low E subgroups of both 
groups (E≤median levels). A and B: Control group: N=36, MBT group: N=44. *p<0.05. MBT: mind-body training. 
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with less than 1 ng/L of both TNF-alpha and IL-6 (Table 3). 
Also, in the subgroup with less than 1 ng/L IL-6 levels in the 
MBT group, positive correlations were found between IL-10 
and the NE/E ratio (p=0.003) and between IL-10 and the DA/
E ratio (p=0.001) (Table 3). On the other hand, the subgroups 
with greater than 1 ng/L TNF-alpha and IL-6 levels in the MBT 
group did not show any correlation between cytokines and 
catecholamine ratios (Table 3). Third, the high IL-10 level sub-
group of the MBT group showed positive correlations between 
IL-10 and the NE/E ratio (r=0.740, p<0.001) and between IL-

10 and the DA/E ratio (r=0.561, p=0.007), whereas the low 
IL-10 level subgroup did not show any correlations (Table 4). 
However, we were unable to determine any correlation between 
cytokines and catecholamine ratios in the low or high IL-10 
subgroups of the control group.

DISCUSSION

A significant increase in IL-10+IFN-gamma was found in 
females of the MBT group compared with controls. More-

Table 1. Correlations between cytokines and catecholamine ratios

Catecholamine
ratios

Control group (N=62)
Cytokines (ng/L)

MBT group (N=80)
Cytokines (ng/L)

TNF-α IL-6 IFN-γ IL-10 TNF-α IL-6 IFN-γ IL-10
NE/E (r) 
(p-value)

-0.077
0.552

-0.050
0.700

-0.148
0.251

-0.104
0.423

-0.057
0.617

-0.001
0.991

-0.081
0.472

0.300
0.007

DA/E (r)
(p-value)

-0.069
0.593

-0.077
0.552

-0.092
0.478

-0.069
0.595

-0.063
0.579

-0.009
0.940

-0.092
0.419

0.336*
0.002*

r: correlation coefficient. *p<0.006. MBT: mind-body training 

Table 2. Correlations between cytokines and catecholamine ratios according to stress levels in the MBT group

Catecholamine
ratios

Low stress group (N=57)
Cytokines (ng/L)

High stress group (N=16)
Cytokines (ng/L)

TNF-α IL-6 IFN-γ IL-10 TNF-α IL-6 IFN-γ IL-10
NE/E (r)
(p-value)

-0.049
0.716

-0.044
0.747

-0.067
0.623

0.364*
0.005*

-0.193
0.473

0.312
0.239

-0.262
0.327

-0.186
0.491

DA/E (r)
(p-value)

-0.024
0.862

-0.002
0.989

-0.114
0.400

0.361*
0.006*

-0.371
0.157

-0.043
0.873

-0.072
0.792

0.055
0.840

r: correlation coefficient. *p<0.006. MBT: mind-body training 

Table 3. Correlations between cytokines and catecholamine ratios according to TNF-alpha and IL-6 levels in the MBT group

Catecholamine
ratios

TNF-α and IL-6
>1 ng/L group (N=8)

Cytokines (ng/L)

TNF-α and IL-6 
≤1 ng/L group (N=48) 

Cytokines (ng/L)

IL-6
≤1 ng/L group (N=67) 

Cytokines (ng/L)
TNF-α IL-6 IFN-γ IL-10 IL-10 IL-10

NE/E (r)
(p-value)

0.325
0.432

0.306
0.460

0.125
0.767

0.164
0.697

0.433*
0.002*

0.360*
0.003*

DA/E (r)
(p-value)

-0.476
0.233

-0.125
0.768

-0.195
0.644

-0.323
0.435

0.239
0.101

0.404*
0.001*

r: correlation coefficient. *p<0.006. MBT: mind-body training 

Table 4. Correlations between cytokines and catecholamine ratios according to IL-10 levels in the MBT group

Catecholamine
ratios

Low IL-10 group (N=58)
Cytokines (ng/L)

High IL-10 group (N=22)
Cytokines (ng/L)

TNF-α IL-6 IFN-γ IL-10 TNF-α IL-6 IFN-γ IL-10
NE/E (r)
(p-value)

-0.121
0.367

0.121
0.367

-0.059
0,658

-0.096
0.475

-0.021
0.928

-0.071
0.753

-0.175
0.437

0.740*
0.000*

DA/E (r)
(p-value)

-0.130
0.330

0.226
0.087

-0.063
0.641

-0.166
0.212

-0.056
0.806

-0.132
0.557

-0.244
0.273

0.561
0.007

r: correlation coefficient. *p<0.006. MBT: mind-body training 
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over, a significant increase of IL-10 (anti-inflammatory cyto-
kine) in the MBT group was shown in a specific condition in 
which TNF-alpha and IL-6 (pro-inflammatory cytokines) 
are almost absent (≤1ng/L) compared with controls. In the 
MBT group, significant positive correlations were found be-
tween IL-10 and the NE/E ratio and between IL-10 and the 
DA/E ratio, whereas the control group did not show any such 
correlations. These results have not been reported previously. 
In fact, a previous study reported that practicing Qigong, 
which is an ancient Chinese psychosomatic exercise that in-
tegrates movement, breathing and meditation into a single 
multifaceted practice, for 1 month enhanced psychological 
well-being but did not alter TNF-alpha or IFN-gamma levels.23 
Another study about mindfulness-based stress reduction re-
ported a continued reduction in Th1 (pro-inflammatory) cy-
tokines over one year of pre-post intervention follow-up.24 The 
report that TNF-α showed a significant lower level in the not-
Type D personality+Exercise group25 is similar to our result. 
The increase of IL-10 (anti-inflammatory cytokine) with the 
decreased tendency of TNF-alpha and IL-6 (pro-inflamma-
tory cytokines) is a new finding beyond the previous results. 
These new results may have been caused by various factors 
such as the longer duration of MBT and different MBT 
methods. The subjects in the MBT group in this study had 
practiced MBT for a mean of 44 months, and 29 subjects out 
of total 80 subjects had more than 5 years of MBT experi-
ence. Thus, the longer duration of MBT may in part contrib-
ute to the increase of IL-10 (anti-inflammatory cytokine) in a 
specific condition. In addition, this MBT method is both 
similar to and different from yoga and mindfulness medita-
tion. While yoga focuses on the physical components, mind-
fulness is related to the mental components of Brain Wave 
Vibration MBT. Given that this MBT is an eclectic form of 
Body and Brain Holistic Fitness exercises including physical 
movements, deep breathing exercises, and meditation prac-
tices, this holistic method including both mind and body prac-
tices seems to enhance beneficial effects on the immune sys-
tem. In a previous randomized trial comparing the effects of 
Brain Wave Vibration MBT with yoga and mindfulness, all 
interventions improved stress and mindfulness, but Brain 
Wave Vibration was unique in its benefits to depression and 
sleep latency.18 

On the other hand, considering that IL-6 neurons in the hy-
pothalamus are activated, the plasma IL-6 level increases in 
response to psychological stress,26 while MBT decreases it.11 
Stress reduction through MBT2 may decrease pro-inflamma-
tory cytokines such as TNF-alpha and IL-6. Improved anti-
oxidant status, both at the enzyme activity and RNA expres-
sion levels, has been reported in Sudarshan Kriya (breathing 
technique) practitioners, suggesting that this practice may 

have positive effects on immunity, aging, cell death, and stress 
regulation via transcriptional regulation.27 A study by Yang et 
al. found that magnolol significantly blocks oxidative stress, 
increases IL-10 and superoxide dismutase activity, and sup-
presses TNF-alpha and nuclear factor-kB activity.28 Therefore, 
high IL-10 and low TNF-alpha levels in the MBT group would 
strengthen the immune system, protecting the body from dis-
eases by inhibiting oxidative damage and mental stress. Ad-
ditionally, body training during MBT may have contributed 
to the increase in IL-10 and the decrease in TNF-alpha levels. 
Bastista et al. reported that exercise training increases IL-10 
and decreases TNF-alpha levels in the skeletal muscle.29 In this 
cross sectional study, we could not identify the causal effects 
of MBT; however, we could speculate that the decrease in 
TNF-alpha and, in part, the increase in IL-10 may be medi-
ated by MBT. Considering that TNF-α blockade induces IL-
10 expression,21 the absence or decrease of TNF-alpha and 
IL-6 levels (less than 1ng/L) through MBT may contribute to 
the increase of IL-10. Along with the reduction of pro-inflam-
matory cytokines (TNF-alpha and IL-6), IFN-gamma seems 
to assist the increase of IL-10. The synergic and beneficial 
roles of IFN-gamma for the increase of IL-10 in the MBT group 
may be associated with IFN-gamma-dependent IL-10 reacti-
vation.30 Given that IFN-gamma production was significant-
ly decreased by restraint stress in animal study31 and by aca-
demic exam stress among healthy and allergic individuals,32 
IFN-gamma may increase and assist the elevation of IL-10 with 
stress reduction through MBT. The increase of IL-10 level 
against TNF-alpha or IL-6 In the low E levels seems to show 
some counteracting effects of anti-inflammatory cytokine 
(IL-10) against pro-inflammatory cytokines (TNF-alpha and 
IL-6). Also, as the increase of E is associated with stress,22 the 
reduction of E levels may contribute to the increase of IL-10, 
resulted from the decrease of stress through MBT. 

There was a correlation between catecholamines and cyto-
kines in the MBT group but not in the control group, sug-
gesting that MBT may affect the interaction between the im-
mune and nervous systems. Stress reduction through MBT2 
may induce interactions between IL-10 and NE/E or DA/E 
ratio, based on the observation that the low stress group ex-
hibited correlations between the two. On the other hand, the 
high stress group did not show such correlations between IL-
10 and catecholamine ratio, implying an important aspect of 
low stress. When high stress is displayed despite practicing 
MBT, there is no beneficial interaction between the immune 
and nervous systems. As the low stress subgroup of the con-
trol group did not show any correlation between cytokines 
and catecholamine ratios, the beneficial interaction between 
them in the low stress subgroup of the MBT group seemed 
to be induced by integrative effects with other factors as well 
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as stress reduction. One factor among them appeared to be 
the decreases in pro-inflammatory cytokines, TNF-alpha 
and IL-6, in the MBT group, because only the subgroup with 
low TNF-alpha and IL-6 levels (less than 1 ng/L) exhibited 
an interaction between the anti-inflammatory cytokine IL-10 
and the NE/E ratio. More importantly, as an interaction be-
tween IL-10 and the NE/E or DA/E ratio was seen with less 
than 1 ng/L IL-6 levels in the MBT group, the reduction in 
IL-6 through MBT appears to be a more decisive factor. On 
the other hand, IL-10 is expected to be an important factor 
for the beneficial interaction between IL-10 and the NE/E 
and DA/E ratios. The high, but not the low, IL-10 level sub-
group of the MBT group displayed this interaction. Thus, the 
increase in IL-10 through MBT may affect the beneficial in-
teraction between the immune and nervous systems. Stress 
reduction, decreases in TNF-alpha and IL-6 and an increase 
in IL-10 through MBT potentially induces synergic effects 
on the beneficial interactions between the nervous and im-
mune systems. Both the nervous and immune systems are 
associated with regulating HPA axis-associated stress,4 and 
bidirectional interactions between catecholamines and cyto-
kines affect both systems.33 Thus, it is likely that MBT induc-
es a new link between these systems. Correlational analyses 
can be useful to find the possible interactions of cytokines 
with catecholamines because there are experimental limita-
tions to find their interactions in vivo human study. Also, as 
other previous studies used correlation results to explain 
their interactions,33 it can be acceptable to use correlation anal-
yses to infer their interactions between cytokines and cate-
cholamines in this study. As catecholamines may modulate 
cytokine response in a beneficial way,34 the increase in DA in 
the MBT group2 may affect the neuroimmune interactions. 
Considering that advanced meditators show a significant in-
crease in plasma NE,35 the interactions between the NE/E ra-
tio and IL-10 in this study may be associated with advanced 
meditation. As a slight decrease in the NE/E ratio was observed 
following mental stress,20 the reduction of stress through MBT 
may affect NE/E ratio and its interaction with IL-10. NE pro-
vides long-term protection to dopaminergic neurons by re-
ducing oxidative stress,36 and catecholamines drive humoral 
immunity by stimulating IL-10 macrophage production.37 
Thus, the increase in DA and the reduction in stress through 
MBT2 may contribute to the interactions between the DA/E 
ratio and IL-10. As a result, this may reduce the stress-induced 
response and improve brain function and the immune system.

However, despite investigating the same MBT, the results 
of such studies have been contradictory and controversial. 
Our results are limited by the cross-sectional design of our 
study. Thus, to confirm our findings, a longitudinal study needs 
to be conducted using similar measures before and after 

MBT. How catecholamines and cytokines may change and af-
fect brain and body functions and mind-body interactions af-
ter MBT needs to be explored by an integrated study that in-
cludes all biological components involved, ranging from the 
central nervous system to the peripheral nervous system. 
Many studies have investigated nonpharmacological meth-
ods and various forms of behavioral therapy such as MBT 
and stress regulation to address pain and psychological dis-
tress,38 in both distractive and ruminative thoughts/behav-
iors,39 and for treating patients with anxiety disorders,40 can-
cer41,42 and rheumatoid arthritis.43

In conclusion, MBT was associated with decreases in pro-
inflammatory cytokines and an increase in the anti-inflam-
matory cytokine IL-10. The MBT group showed positive cor-
relations between cytokines and catecholamine ratios, whereas 
the control group did not display such correlations. These re-
sults support the possibility that MBT may trigger synergistic 
positive interactions between cytokines and catecholamines, 
possibly by decreasing pro-inflammatory cytokines and in-
creasing anti-inflammatory cytokines. That is, MBT may reg-
ulate the stress system by facilitating more efficient use of en-
ergy by improving networks between the nervous and immune 
systems. 
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