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Abstract

Meditation may show differential ellects on stress and plasma catecholamumnes based on generic polymorphisms i brain-
derived acurotrophic factor (BDNF) and catechol O-methyl ransferase (COMT). Eighty adules (40 men, 40 women; mean
age 26 vears) who practiced meditation regularly and 57 healthy control adults (35 men, 22 women; mean age 20 ¥ears)
pasticipated, Plasma catecholamines (nozepinephrine (NI, epinephrine (E), and dopamine (DA)) concentrations were
measured, and 3 modified form of the Stress Response Tnventory was administered, The results were analyzed usang two-way
analysis of covariance (ANCOVA) with conrrol and meditation subjects, gene polymarphism s factors, and medirarion
duration as the covanate. Two-way ANCOVA showed u ssgnificant interscrion between control and meditation subjecrs, and
BDNF Val66Met polymorphusm on DANE + DAE (p— 0.042) and NEE + NIZDA (p = 0.040) ratios. A significant
intersction was found for control and meditation subjects with COMT Vall58Met polymorphism and plasma NE
concentrations (g = 0.009). Fost hoc ANCOVA in the meditavon group. adjusted for meditauzon duration, showed
significantly higher plasma NE concentrations for COMT Met carrices than COMT Val'Val subjects (p ~ 0.025). Significant
differences of stress levels were found berween the control and meditation subjects in BDNF Val/Met (p < 0,001) and BDNF
MetMer [ p = 0.003), whereas s1r¢ss Jevels in the BDNF Val/'Val genotype did not differ between the control and meditation
groups. This is the irst evidence that medimtion produces differear effects on plasma catecholumines according to BDNF oz
COMT palymorphisms.

Keywords: Brain-derfved neurorrophic factor (BDNF), catechol Q-muerhy transferase (COMT), meditanon, mind—-body
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(Jones 2001), and groups of subjects that meditate
have significantly lower plasma norepinephrine (NE)
and cpinephrine (E) levels than conmol subjects
(Infante et al. 2001). In additon, the meditatdon
expericnce is associated with incrcased prefrontal
cortical thickness (Lazar ¢1 al. 2003) and increased

Introduction

Meditation practices have various health benefits for
sreess reducdon (Miller et al. 1995; Tee et al. 2007),
cognitive funcrions (Newberg et al. 2010), and menral
disorders (Jain et al. 2007). Stress is considered as a

condition in which an environmental demand exceesds
the natural regulatory apacity of an organism, in
particular situations that include unpredictability and
uncontrollability (Koolhaas et al. 2011). Meditadon
decreases levels of the stress-related hormone cortisol

gray matter density in the brainstem (Vestergaard-
Poulsen et al. 2009), which suggests potential effects
of medianon on brain plastcity.

The effects of mental trmiming on brain plastucty
arc evident throughour life (Slagter et al. 2007).
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Evidently, cnhancement of brain healch and
plasdcity by behavioral intervention involves increases
in brain-derived neurorrophic factor (BDNF) and
other growth factors thar stmulare neurogenesis and
increase resistance to brain msult and mmproved
learning and mental performance (Comman and
Berchrold 2002), hence supportng potential roles
of mind-body training in brain plastcity. Carechol
O-methy] rransferase (COMT) acdvity is especially
imporzant in the prefrontal cortex, and the valine
(Val158Met (mx4680)) polymorphism s related 10
higher COMT acrivity in the prefrontal cortex, which
leads o lower dopamine (DA) release (Chen et al.
2004), COMT is involved in the inactivation of the
carecholamine ncurowansmirters DA, cpincphrine,
and NE, and inhibition of COMT in the rat prefrontal
cortex potentiates an increase in DA, but not NE
levels (Tunbridge er al. 2004). In additdion to the
association of COMT with DA (Tunbridge et al.
2004), the neurotrophic factor BDNF 15 a key
regularor of DA release (Goggi et al. 2003). Thercfore,
both BDNF and COMT regulate catecholamine
activity, especially in the DA system, which may
contribure to different effects of mind - body training
on catecholamine acriviry and be affected by BDNF
and COMT genctic polymorphisms.

Interaction between the BDNF Val66Met poly-
morphism and recent life stress has been reported
(Kim ¢t al. 2010). With regard to actvaton of the
hypothalamic -pituitary -adrenal (ITPA) axis by stress,
this polymorphism 15 associated with HPA reactivity to
psychological stress (Shalev et al. 2009).

It is long established thar circularting carecholamine
levels are increased by stress, as a result of activation of
peripheral sympathetic nerves and the adrenal
medulla. Evidently, catecholamines also act on vagal
afferents 10 regulate sympathoadrenal system stress
responses (Mravec 2011). Thus, differences in
catecholamine activity according to BDNF or
COMT polymorphisms in response 1o stress may be
associated with different effects of mind-body
traming depending on the genetic variants. Higher
numbers of different lifetime wraumatic event types
lead to a higher prevalence of post-traumatic stress
disorder in a dose—response relationship, and this
effect is modulated by the COMT genotype (Kolassa
et al. 2010). Although the cffects of meditation have
been studied, associations of catecholamine activity
with stress according 10 genetic polymaorphisms in
mind—-body training have not vet been reported.

Thus, the hypothesis that this study tested was that
medization would have different effects on plasma
catecholamine and stress levels among individualks
depending on their BDNF or COMT genetic

polymorphisms.

Matcrials and mcthods

Subi

All participants in the control and meditation groups
engaged voluntanly in this research. The meditation
group consisting of 80 subjects (men and women)
practiced mexiitation regularly were recruited from
partictpants in the “Brain Wave Vibraton™ mind-
body rraining program. The control group consisting
of 57 healthy subjects (men and women) had no
previous experience with meditation or similar
practices and were recruited from an Interner
advertisement. The control group consisted of 35
males (age: mean = 25 years, SD = 3) and 22 females
(age: mean - 26 years, SD « 4), and the meditation
group included 40 males (age: mean = 26 years,
SD « 4) and 40 foemales (age: mcan = 26 years,
SD = 2).

The structured clinical interview for DSM-IV Non-
padent Version was used (on the day of blood
sampling, sec below) to assess psvchiamic disorders
in the pardcipants. Exclusion critenia included a
lifetime history of psychosis, bipolar disorder, major
depresave disorder, substance abuse or dependence,
significant head injury, semure disorder, or mental
retardation. This study was approved by the Insi-
tutional Review Board ar Seoul National University
Huospital, and written informed consent was oblained
from all the participants after the procedures had been
fully explained. This study was conducted in
accordance with the Declaration of Helsinki.

Subjects in the meditation group had been
practcing meditation for a mean of 44 months
(range 3-144 months). This study included subjects
who were homogencous in age and who pracriced the
same type of mediradon. All subjects in the meditation
group were engaged in “Brain Wave Vibraton™ mind
body tramning, which is a type of meditation with
movernent that is designed to faalitate relaxing both
the mind, releasing negative emonons from the body
through natural thythmic movements, and focusing
on bodily sensations. For this, the method places
importance on heightening awareness of the move-
ment of energy within the body by concentrating upon
one’s bodily sensarions and emorions. Derailed
methods are described in our previous report (Jung
ctal. 2010). .

The Stress Response Intentlory

Seventy-three meditation pracutioners and 53 control
participants completed the Sturess Response Inventory
(SRI). This study used 22 gquestions derived from the
original SRI quesdonnaire (Koh ¢t al. 2001). Each
question was scored on a Likert scale including “notat
all” (0), “somewhat™ (1), “modecrately”™ (2), “very
much” (3), or “absolutely™ (4). The 22 questions were
categorized into three simplified stress facrors:






somatization, depression, and anger (Choi et al
2006). Cronhach’s alphas for the SRI were somatiza-
tion (0.89), depression (0.88), and anger (0.87) (Choi
ct al. 2006). <

Genoryping

The subjectis’ DNA was genotyped at the BDNF
Val6oMet and COMT Vall58Met loa. Whole blood
(12ml) was withdrawn from each parricipant by
venepuncture and collected inte EDTA-containing
tubes. The volume was measured, recorded, and a 1-
mi aliquot was stored at —20°C until genomic DNA
extraction. Genomic DNA was isolated from 200 pl of
whole blood using the QLAamp DNA Blood Mini kit
according to the manufacturer’s mnstructions (QLA-
GEN, Hilden, Germany). All polymorphisms were
detected by TagMan allelic discrimination assays on
an ABI Prism 7500 Sequence Derecton System
(Applied Biosystems, Foster City, CA, USA). BDNF
ValeoMer (£s6265, C__11592758_10) and COMT
Val158Met (rs4680, C__25746809_50) were used for
genotyping (Applied Biosystems). The PCR reacaon
consisted of 95°C for 10 min and 50 cycles of 92°C for
30s and 60°C for 1 min. A towal of 10ul of PCR
reaction mixture was prepared with 5pl of 2X

TagMan Genotyping Master mix, 0.5 pl of 20 X Drug
Mezabolism Genotyping Assay mix, 3.5 pl of DNase-
free warer, and 1 p! of genomic DNA. The ABI Prism
7500 Seguence Detection System software ver. 2.0.1

(Applied Biosystems) was used for the analysis.
The genolyping procedure was screened for BDNF
and COMT.

Carecholantne measurements

Blood was collected (ar the same tme as above) into
an anticoagulant EDTA tube from seated control and
medirarion group subjects al random times during the
day (from 09:00 to 20:00 h); the subjects were seated
before sampling blood for abour 30 - 60min. Sub-
jeets were told to prepare for the blood sampling by
phone several days before the study (no smoking.
alcohol, or severs exercise). The study was notl
designed to control for effects of short periods of
meditadon practice, hence the time of meditation
practice before sampling could be different for each
subject. Usually subjects meditated for 1 h each day.
After centrifugation, the scparated plasma was
frozen ar —S0°C. Plasma catecholamine concen-
trations were determined by high-performance liguid
chromatography, using a plasma catecholamine
analysis system marketed by Chromsystem. The
mobile phase was prepared according to the specifica-
tion by Chromsystem. A mixture of NE, epmephrine,
and DA was used at predetermined concentralions as
an external standard, and dihydroxybenzylamine was
used as the internal standard. A CLC-300 dosing
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pump with a flow rate of 1.1 ml/min was connected to
a reverse-phase carecholamine C-80 (code no.
5100/K) column. A CLC-100 clectrochemical detec-
tor was used, and is signal was registered and
integrated by the Chromsystem Geminyx registry and
the calculation terminal.

Data analyses

Plasma catecholamine concentrations for the control
and meditation groups were analyzed using ™o
different methods. The first method mvolved measur-
ing the concenrrations of NE, epmephrine, and DA,
and the second involved analyzing the reladve
concentrations of these substances, vielding data
such as the NE/E and DA/E concentration ratos.

The dara were analyzed using Two-way analysis of
covariance (ANCOVA) with conwrol and meditaton
subjects and gene polymorphisms as factors and
meditation duragon as a covariare. As meditagon
duration among meditation pracritioners may have
affected the carecholamine concentrations, their
catecholamine ratios and stress levels were analyzed
psing ANCOVA with meditadon duraton as the
covariate. If an interaction was found om two-way
ANCOVA, the meditation group data were analyzed
using post hoc ANCOVA with meditation duration as
the covanate and by post hoc ANOVA in the control
group. The differences between the control and
meditation groups with the same gEnOypes were
analyzed using Student’s t-test. The p-values less than
0.05 were considered staustically significant.

Results

No significant differences were observed for age
or gender beoween the meditation (n -~ 80, age: 18-736,
mean - 26, SD=3) and conmol (n=37, agc:
19-37, mean = 26, SD = 4) groups.

Associations of the BDNF Val66Mer polymorpleism sith
the DAINE | DA/E and NE/E + NEIDA rarios

Data for the rates of plasma catecholamine concen-
trations and statistical analyses are shown in Table I
Two-way ANCOVA showed a significant interaction
(F~ 3.239, p=0.042, Figure la) berween the
control and meditation groups and the BDNF
Val66Met polymorphism on the DA/NE + DAL
ratio. FPosr hoc ANCOVA in the meditation group,
conrrolling for meditaton duration, indicated a
significantly higher DANE + DA/E ratio for subjects
with the BDNF Val'Val polymoerphism than subjects
with the MevMer polymorphism (F = 3.177,
p = 0.047, Figure 1a). However, one-way ANOVA
for the control group showed no significant differences
in catecholamine concentrations or their ratios among
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Table I Plasmas catecholamune concentrations acvoating 10 BDNT Valé6Muet and COMT Vall $8Mer polymorphisms,

Control Medizooon
(m=157) {n = 80)
v ViM MM VIV viM MM pvalue
(m=21) (m = 2%} (n=11) (=19 (n=44) (n=17) (ANCOVA)
BDNF gemotype
Norepinephrine (ngT)  159.1 =230 1210 ' 161 1209 =186 1400 ' 149 1194 =111 1382 * 116 0.585
Epinephnne (ngl .0=5.14 370 45 2583 =8.0 313 £ 3.7 540=28 374t 54 0.277
Dopamune (agT) 195 =357 144+ 2.1 19.7 = 3.7 26,1 + 3.7 225=23 163 ' 24 0.207
NEE + NEDA rativ HOoO=1l4 24368 16.1 = 3.0 165 ! 3.0 128 =23 201 ' 11.6 0.142
ENE + EDA ratwo 4008 8237 1905 2305 3.1204 7.2x42 0.096
VN (#=20) VM@=28 MM®x=9 VVin=38 VM@#E=30) MM(@E=-=12)

COMT genogype
Epinephrine (npT) 3461 30432 31576 332+238 35+34 380 x7.2 0.585
Dopamine (ngT) 178+ 42 173 = 7.0 17.0£ 32 202=23 226427 26,2 = 1.6 0.648
NEE + NE/DA rano 21936 327 =101 157 + 33 189 =55 170+ 36 12028 0.554
E/NE + F/DA o 36110 75=33 29+07 38=19 31106 23204 0341
DANE + DAE ratio 1.1 +02 D8 =01 12+ 05 RO 12102 1.4 =03 0.616

Note: The data were anolyzed by two-way ANCOVA wxh control and meditation subjects and gene polymarplasms as foctors and the
Jurativn of medrarion 25 2 coruriate. The p-value indicates imeraction cfiects by twomay ANCOVAL Abbrevianons: DA, dopaminc; E,
epincphrine; NE, norepinephrine; ANCOVA, analysis of covarmance; VIV, walinevalins VM, malinemethionme: M/M, mechionine’'methso-

nine polvenorphasm.

those with the BDNF Val66Mez polymorphism. Post
hoc Student’s t-lest showed that the meditation
group had a higher DANE 4+ DA/E matio than the
control group for those with the same BDNF Val/'Val
alleles (F = 6.345, p = 0.035, Figure 12).

Two-way ANCOVA showed a significant inter-
action berween conmol (Val/Val = VallMet n = 46,
Met/Met: n = 11) and meditation subjects (Val'Val |
Val/Mez: n = 63, Met/Met: n= 17) and the BDNF
Val66Mer polymorphism on the NEE + NE/DA
ratios (F = 4,073, p = 0.046). Post hac ANCOVA in
the meditation group, controlling for meditation
duration, showed a significantdy higher NEE +
NE/DA ratio for subjects homozygous for BDNF
Met/Mer than BDNF Val carriers (F=4.793,
»=0.032).

Associarions of the COMT Vall38Mer polymorphism rwith
plasma NE concentrations

Data for actual plasma carecholamine concentrations
and statistical analyses are shown in Table I A
significant interacdon for comtrol and meditation
subjects with the COMT Val158Mer polymorphism
was observed for plasma NE concencrations
(F = 4.924, p = 0,009, Figure 1b). Post koc ANCOVA
in the meditadon group, adjusted for meditation
duradon, showed significantly higher plasma NE
concentratons for COMT Mer carriers than homo-
zygous subjects (COMT Val'Val; [IF= 5,260,
p=0.025). No significant interactions were found
between the conrrol and meditation subjects and the
COMT Vall58Mer polymorphism for plasma epi-
nephrine and DA concenrrations, or the total ratios
of each catecholamine (Table I).

Associations of the BDNF Val66Met polymorphism and
the COMT Val158&Met polymorphism witk SRI

Those with the BDNTF Val/Met (p < 0.001) and
BDNF MevMet (p  0.003, Table IT) alleles in the
meditation group had lower stress levels, measured by
the SRI, than those in the control group, whereas the
stress levels for the BDNF Val'Val genotype did not
differ berween the control and meditation groups.
Different effects of mind-body waining on stress
reduction according to the COMT Vall58Met
polymorphism were not found and swess reduction
in all groups was shown (Table II).

Discussion

The study shows that meditaton through mind-body
waining showed differential cffects on stress and
plasma catecholamine levels according to BDNF or
COMT genetic polymorphisms, These are new
findings that mind-body waining showed different
effects depending on genertic differences. Subjects with
the BDNF Val’'Val genotype in the medication
group had an increased DA/NE + DAE ratio com-
pared to those with the Val/Val allele in the control
group and ro those with the Mev/Mer allele in the
meditation group (Figure 1). Subjects with the
COMT MevMer allele in the meditation
group showed higher NE concentrations than in the
control group (Figure 1). In this study, BDNF Met
carriers of the meditation group reported significantly
less stress than the control group, whereas Val/Val
carriers did not (Table IT). This result may have been
due to differences in stress levels berween those with
the BDNF Val'Val and Metv/Met genotypes in the
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(= 38), V'M (1 = 3500, MM {1 = 12). Abbremanons: ANCOVA,
analysss of covanance: ViV, wlinswaline, V/M, valina'merhionme,
MM, methicaine'methionine polynsorphism.

control group. The BDNI' Met allele results in a
significandy attenuated HPA axis and cardiovascular
reactivily to psychosocial stressors than the Val/Val
genotype (Alexander et al. 2010), which seems to be
assoctated with the high siress tendency of the
Mez/Met allcle genotype compared with other
genolypes in the control group (Table IT). Although
subjects with the BDNIY MetvMet genotype in the
control group had higher stress levels than the other
genotypes, those with the BDNF Met/Met genotype
showed more improvements in stress reduction than
other genotypes in the control and meditation groups
(Table II), indicadng greater stress-reducing effeces of
the BDNF MeuMet genotype through mind - body
training. Onc possible hypothesis to explain the
associations berween stress reduction and the
mcreased NEE + NE/DA matio in BDNF Met carr-
icrs is as follows. Stress causes the anterior pituitary
o release adrenocorticotropic hormone resulting
in the producdon of glucocorticoids (Glaser and
Kiecolt-Glaser 2003) from the adrenal cortex, which
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inhibits catecholamine relcase (Park et al. 2008).
Therefore, the high stress levels of the BDNF
Met/Met genotype compared with other genoypes
in the control group may be associated with the lower
plasma NE/E + NE/DA rato of the Met/Met geno-
type in the control group (Table I), However, in the
meditation group, the BDNF Met/Met genotpe
showed more siress reduction (Table IT) and an
increase in the NEE = NE/DA ratio compared with
the other genotypes (Table T). Hence, the siress
reduction of the BDNF Mev/Mer genotype through
mind-body rsaining may have contributed to altered
regulation of the sympathetic nervous system, result-
ing in an increase in the NE or NEE + NE/DA rato,
which could mediate beneficial cognitive functions,
such as amention and alermness (Lapiz and Morilak
2006). The incrcased tendency for higher NE
concentrations in  subjects with the COMT
MevMer allele in the mediration group than in che
control group (Figure 1) was similar to the high
NE/E + NE/DA rado in those with the BDNF
MevMer genotype, and these similar resuls secem o
support the above hypothesis In the case of BDNF
Met/Met, That is, COMT Val allele camiers report
greater perceived social acceptance than homozygous
Merz allele carmiers, and homozygous Val allele carmers
report greater mamtenance of positive emotions
during stress (Waugh et al. 2009), Unlike subjects
with the COMT Val/Val genotype, those with the
COMT Met/Met genotype seem to have more
vulnerability 10 socally siressful situations based on
the trend oward higher stress levels compared with
other genotypes such as BDNF Meuv/Mer (Table IT). In
contrast with the control group, the tendency for
increased NE level in those with the COMT
Mev/Mer allele in the meditation group compared
with other genorypes (Table I) may stem from siress
reduction. Intercstingly, the same Met/Met poly-
morphism, although in different genes (BDNIT and
COMT), showed similar results in increased NIEVE |
NE/DA ratio for the BDNF Met'Met genotype and
increased plasma NE concenwadons for the COMT
MevMer allele in the meditadon group. These results
suggest thar although BDNF and COMT are different
genes, changes in valine or methionine in these genes
that alter protein functions mednte ellects of mind-
body training on catecholamine activity.

The BDNF Val'Val genotype in the meditation
group showed an mcreased DA/NE + DA/E ratio
compared with those with the Val/Val allele in the
control group and to those with the Met/Met allele in
the meditadon group (Figure 1), In the control group,
although BDNF Val/Val carriers had a low DA/NE +
DA/E rato compared with MeoMer carriers, the
actual DA concentrations of the Val/'Val and Mev/Met
subjects were sirmilar (Table T). The rendency for a low
DA/NE + DA/E rauo in the BDNF Val/Val carriers
seemed to result from the tendency for high actual NE
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Table [I.  Srress levels (SRI) acvocding 10 BDNF ValooMct and COMT Vall S8Met polymorphiarm.

Conrrol (2 = 55)

Mexlitamon (4 = 73)

BONF genonype \;’.’\' (=19 Y/M (n = 23) MMMn=11) VIV ie—18) VM (r=39) MM (r = 16)
SRI (mean = SE) 135 =25 150 + 2.2 21644 86 =20 69+ 1.1== 4.6 = 1.0
COMT pemonype VAV (r = 20) VM (n = 25) MM (x—38) VIV (e = 33) VIM (» = 28) MM (r = 10)
SRI (mean * SE) 1603 =26 14323 196+ 48 7.2= 11w 6.4 " 1.5== 0.6 =21+

Noce: The differences berween the control and meditazioa groups with the sane genocypes were analyvzed using the Student’s r-test. p < 0.05%,
2+ 0.01++, Abbreviations: SR, Stress Respoese Iaventory; VIV, valine/vadine; V/M, waline'methionine: M/M, merchionine/methionine

polymomphian.

and epinephrine concentrations in BDNF Val'Val
carriers compared with Met/Met carriers. This finding
may have implications for the sympathetic—adrenal—
medullary (SAM) axis. Experiencing a stressful
situarion affects the SAM axis as well as the HPA
axis, and chis involves increased cpinephrine and
NE secretion (Glaser and Kiccoli-Glaser 2003). The
tendency for high plasma NE and epinephrine
concentrations in subjects with the BDNF Val'Val
genotype compared with the Met/Met genotype in the
control group (Table I} may be asseciated with SAM
axis activity. Therefore, lower actual NE concen-
trations in the meditation group than those of the
control group for subjects with the BDNF Val/Val
genotype (Table 1) evidently increased the DA/NE +
DA/E ratio in the meditation group (Figure 1).

Brain regions including the prefrontal cortex and
right anterior insula associated with attention, inter-
oceprion, and sensory processing are thicker in
meditation participants than matched controls
(Lazar et al. 2003), suggesting thar meditation
enhances brain plasticity (Xiong and Doraiswamy
2009). We hypothesize that thicker bramn regions in
meditadon participants may be related to neurogen-
esis and brain plasticity through mind-boddy training
depending on genetic polymorphisms. The effects of
meditadon may be associated with adaptaton of
existing neural connections and ncurogenesis to
accommodare new information and experiences.
BDNF is required for necurogenesis (Lee er al
2002), and adult hippocampal neurogeness 1§ not
only affected by internal growth factors ncluding
BDNEF, bul also regulared by external stimult (Lee and
Son 2009), Enriched environments and physical
activity sumulate hippocampal neurogencsis (Brown
et al. 2003). Therefore, psychological well-being from
stress reduction and physical movements during
medilation practice may produce beneficial effects
on brain plasticity according to BDNF genotype.
Mind-body practices clicit specific gene expression
changes in shorr- and long-term practitioners,
sugpesting that consistent, consttudve changes in
gene expression resulting from the relaxation response
may relate to long-term physiological effects (Dusek
eral. 2008). Therefore, gene expression changes in the

BDNF and COMT genotypes through mind body
training may contribute to regulating plasma concen-
trations or ratios of catecholamines.

The BDNF and COMT genetic polymorphisms are
related to mood disorders, schizophrenia (Rybakowski
2008), and pain (Zubicta et al, 2003). Just as the
wearment efficacy and side effects of selective
serotenin reuptake mhibitors (fluoxerine) in patents
with major depressive disorder are associated with the
BDNF Val66Met polymorphism (Zou et al. 2010).
mind-body rraining in this study showed different
effacts on catecholamine acavity or psychological state
according to the BDNF Val66Met polymorphism.
Therefore, mind-body maining may complement
therapeutic limitations of medication and may
enhance the therapeutic effects for stress-related
disorders as an alternative compensatory approach
and contribure 10 individual therapy based on genetic
polymorphisms. Furthermore, mind—body training is
free from any harmful and undesired side cffects
resulting from medication.

However, this sudy had some limitattons. The
samples were collected during the daytime. They
were taken in similar conditions at random umes
during the day in buth the conwrol and meditation
groups. Any effects of diurnal variatons of the
parameters mcasured in this rescarch nced to be
investigated in a further study. As this study was
limited by its cross-sectional design, a longimudinal
study to investigate the same subjects before starting
medizadon and after such mind-body tmining i
needed. Plasma catecholamine concentrations do not
necessarily reflect central nervous system catechol-
amine levels, which are difficult o mcasure in
humans. Nevertheless, as the BDNF and COMT
genotypes are not different between central and
peripheral systems, the findings from this study might
refiect interactions between carecholamine metab-
olism and meditation in the brain.

In conclusion, this is the first report showing that
mediradon has different effects on soress and plasma
catecholamines according to BDNF and COMT
genetic polvmorphisms. These findings suggest the
potential for adjunct therapies for stress-related
disorders based on the different cffects of mind - body






training  between individuals according to genctic
polymorphesms.
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