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Abstract

Meditation may show differential effects on stress and plasma catecholamines based on genetic polymorphisms in brain-
derived neurotrophic factor (BDNF) and catechol O-methyl transferase (COMT). Eighty adults (40 men, 40 women; mean
age 26 years) who practiced meditation regularly and 57 healthy control adults (35 men, 22 women; mean age 26 years)
participated. Plasma catecholamines (norepinephrine (NE), epinephrine (E), and dopamine (DA)) concentrations were
measured, and a modified form of the Stress Response Inventory was administered. The results were analyzed using two-way
analysis of covariance (ANCOVA) with control and meditation subjects, gene polymorphism as factors, and meditation
duration as the covariate. Two-way ANCOVA showed a significant interaction between control and meditation subjects, and
BDNF Val66Met polymorphism on DA/NE + DA/E (p = 0.042) and NE/E + NE/DA (p = 0.046) ratios. A significant
interaction was found for control and meditation subjects with COMT Vall58Met polymorphism and plasma NE
concentrations (p = 0.009). Post hoc ANCOVA in the meditation group, adjusted for meditation duration, showed
significantly higher plasma NE concentrations for COMT Met carriers than COMT Val/Val subjects (p = 0.025). Significant
differences of stress levels were found between the control and meditation subjects in BDNF Val/Met (p < 0.001) and BDNF
Met/Met (p = 0.003), whereas stress levels in the BDNF Val/Val genotype did not differ between the control and meditation
groups. This is the first evidence that meditation produces different effects on plasma catecholamines according to BDNF or
COMT polymorphisms.
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Introduction (Jones 2001), and groups of subjects that meditate
have significantly lower plasma norepinephrine (NE)
and epinephrine (E) levels than control subjects
(Infante et al. 2001). In addition, the meditation
experience is associated with increased prefrontal
cortical thickness (LLazar et al. 2005) and increased
gray matter density in the brainstem (Vestergaard-
the natural regulatory capacity of an organism, in  Poylsen et al. 2009), which suggests potential effects
particular situations that include unpredictability and of meditation on brain plasticity.

uncontrollability (Koolhaas et al. 2011). Meditation The effects of mental training on brain plasticity
decreases levels of the stress-related hormone cortisol are evident throughout life (Slagter et al. 2007).

Meditation practices have various health benefits for
stress reduction (Miller et al. 1995; Lee et al. 2007),
cognitive functions (Newberg et al. 2010), and mental
disorders (Jain et al. 2007). Stress is considered as a
condition in which an environmental demand exceeds
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Evidently, enhancement of brain health and
plasticity by behavioral intervention involves increases
in brain-derived neurotrophic factor (BDNF) and
other growth factors that stimulate neurogenesis and
increase resistance to brain insult and improved
learning and mental performance (Cotman and
Berchtold 2002), hence supporting potential roles
of mind—body training in brain plasticity. Catechol
O-methyl transferase (COMT) activity is especially
important in the prefrontal cortex, and the valine
(Vall58Met (rs4680)) polymorphism is related to
higher COMT activity in the prefrontal cortex, which
leads to lower dopamine (DA) release (Chen et al.
2004). COMT is involved in the inactivation of the
catecholamine neurotransmitters DA, epinephrine,
and NE, and inhibition of COMT in the rat prefrontal
cortex potentiates an increase in DA, but not NE
levels (Tunbridge et al. 2004). In addition to the
association of COMT with DA (Tunbridge et al.
2004), the neurotrophic factor BDNF is a key
regulator of DA release (Goggi et al. 2003). Therefore,
both BDNF and COMT regulate catecholamine
activity, especially in the DA system, which may
contribute to different effects of mind—body training
on catecholamine activity and be affected by BDNF
and COMT genetic polymorphisms.

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

It is long established that circulating catecholamine
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 to regulate sympathoadrenal system stress
responses (Mravec 2011). Thus, differences in
catecholamine activity according to BDNF or
COMT polymorphisms in response to stress may be
associated with different effects of mind-body
training depending on the genetic variants. Higher
numbers of different lifetime traumatic 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 effects of meditation have
been studied, associations of catecholamine activity
with stress according to genetic polymorphisms in
mind—-body training have not yet been reported.

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

Materials and methods
Subjects

All participants in the control and meditation groups
engaged voluntarily in this research. The meditation
group consisting of 80 subjects (men and women)
practiced meditation regularly were recruited from
participants in the “Brain Wave Vibration” mind-—
body training 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 Internet
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 females (age: mean = 26 years,
SD =2).

The structured clinical interview for DSM-IV Non-
patient Version was used (on the day of blood
sampling, see below) to assess psychiatric disorders
in the participants. Exclusion criteria included a
lifetime history of psychosis, bipolar disorder, major
depressive disorder, substance abuse or dependence,
significant head injury, seizure disorder, or mental
retardation. This study was approved by the Insti-
tutional Review Board at Seoul National University
Hospital, and written informed consent was obtained
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
practicing meditation for a mean of 44 months
(range 3—144 months). This study included subjects
who were homogeneous in age and who practiced the
same type of meditation. All subjects in the meditation
group were engaged in “Brain Wave Vibration” mind -
body training, which is a type of meditation with
movement that is designed to facilitate relaxing both
the mind, releasing negative emotions from the body
through natural rhythmic 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 sensations and emotions. Detailed
methods are described in our previous report (Jung
et al. 2010).

The Stress Response Inventory

Seventy-three meditation practitioners and 53 control
participants completed the Stress Response Inventory
(SRI). This study used 22 questions derived from the
original SRI questionnaire (Koh et al. 2001). Each
question was scored on a Likert scale including “not at
all” (0), “somewhat” (1), “moderately” (2), “very
much” (3), or “absolutely” (4). The 22 questions were
categorized into three simplified stress factors:
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somatization, depression, and anger (Choi et al.
2006). Cronbach’s alphas for the SRI were somatiza-
tion (0.89), depression (0.88), and anger (0.87) (Choi
et al. 20006).

Genoryping

The subjects’ DNA was genotyped at the BDNF
Val66Met and COMT Vall58Met loci. Whole blood
(12ml) was withdrawn from each participant by
venepuncture and collected into EDTA-containing
tubes. The volume was measured, recorded, and a 1-
ml aliquot was stored at —20°C until genomic DNA
extraction. Genomic DNA was isolated from 200 wl of
whole blood using the QIAamp DNA Blood Mini kit
according to the manufacturer’s instructions (QIA-
GEN, Hilden, Germany). All polymorphisms were
detected by TagMan allelic discrimination assays on
an ABI Prism 7500 Sequence Detection System
(Applied Biosystems, Foster City, CA, USA). BDNF
Valo6Met (rs6265, C__11592758_10) and COMT
Vall58Met (rs4680, C__25746809_50) were used for
genotyping (Applied Biosystems). The PCR reaction
consisted of 95°C for 10 min and 50 cycles of 92°C for
30s and 60°C for 1 min. A total of 10 ul of PCR
reaction mixture was prepared with 5ul of 2 X
TagMan Genotyping Master mix, 0.5 ul of 20 X Drug
Metabolism Genotyping Assay mix, 3.5 ul of DNase-
free water, and 1 pl of genomic DNA. The ABI Prism
7500 Sequence Detection System software ver. 2.0.1
(Applied Biosystems) was used for the analysis.
The genotyping procedure was screened for BDNF
and COMT.

Catecholamine measurements

Blood was collected (at the same time as above) into
an anticoagulant EDTA tube from seated control and
meditation group subjects at random times during the
day (from 09:00 to 20:00 h); the subjects were seated
before sampling blood for about 30 ~ 60 min. Sub-
jects were told to prepare for the blood sampling by
phone several days before the study (no smoking,
alcohol, or severe exercise). The study was not
designed to control for effects of short periods of
meditation 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 separated plasma was
frozen at —80°C. Plasma catecholamine concen-
trations were determined by high-performance liquid
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, epinephrine,
and DA was used at predetermined concentrations 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 catecholamine C-80 (code no.
5100/K) column. A CLC-100 electrochemical detec-
tor was used, and its 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 two
different methods. The first method involved measur-
ing the concentrations of NE, epinephrine, and DA,
and the second involved analyzing the relative
concentrations of these substances, yielding data
such as the NE/E and DA/E concentration ratios.

The data were analyzed using two-way analysis of
covariance (ANCOVA) with control and meditation
subjects and gene polymorphisms as factors and
meditation duration as a covariate. As meditation
duration among meditation practitioners may have
affected the catecholamine concentrations, their
catecholamine ratios and stress levels were analyzed
using ANCOVA with meditation duration as the
covariate. If an interaction was found on two-way
ANCOVA, the meditation group data were analyzed
using post hoc ANCOVA with meditation duration as
the covariate and by post hoc ANOVA in the control
group. The differences between the control and
meditation groups with the same genotypes were
analyzed using Student’s r-test. The p-values less than
0.05 were considered statistically significant.

Results

No significant differences were observed for age
or gender between the meditation (z = 80, age: 18—36,
mean = 26, SD = 3) and control (n =57, age:
19-37, mean = 26, SD = 4) groups.

Associations of the BDNF Val66Met polymorphism with
the DA/NE + DA/E and NE/E + NE/DA ratios

Data for the ratios of plasma catecholamine concen-
trations and statistical analyses are shown in Table 1.
Two-way ANCOVA showed a significant interaction
(F=3.239, p=0.042, Figure la) between the
control and meditation groups and the BDNF
Val66Met polymorphism on the DA/NE + DA/E
ratio. Post hoc ANCOVA in the meditation group,
controlling for meditation duration, indicated a
significantly higher DA/NE + DA/E ratio for subjects
with the BDNF Val/Val polymorphism than subjects
with the Met/Met polymorphism (F=3.177,
p=0.047, Figure la). 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. Plasma catecholamine concentrations according to BDNF Val66Met and COMT Vall58Met polymorphisms.

Control Meditation
(n=5T7) (n = 80)
VIV V/M M/M VIV V/M M/M p-value
(n=21) (n=25) (n=11) (n=19) (n=44) (n=17) (ANCOVA)
BDNEF genotype
Norepinephrine (ng/l) 159.1 = 23.0 121.0 £ 16.1 120.9 = 18.6  140.0 = 14.9 119.4 = 11.1 138.2 = 11.6 0.585
Epinephrine (ng/l) 39.0 =54 37.0 4.5 28.3 = 8.0 31.3 £ 3.7 34.6 = 2.8 374 *+54 0.277
Dopamine (ng/l) 19.8 = 3.7 144+ 2.1 19.7 = 3.7 26.1 = 3.7 225*+23 16.3 =+ 2.4 0.207
NE/E + NE/DA ratio 34.0 £ 11.4 24.3 = 6.8 16.1 = 3.0 16.5 = 3.0 12.8 2.3 29.1 £ 11.6 0.142
E/NE + E/DA ratio 4.0 = 0.8 8.2 =*37 1.9 =05 23*+05 3.1 *+04 7.2*4.2 0.096
VNV ®n=20) VMm®=28) MMm®=9) VVm®m=38 VMMmn=30 MM Mn=12)

COMT genotype
Epinephrine (ng/l) 33.4*+ 6.1 39.4 = 4.2 31.5+17.6 33.2+ 2.8 345+ 34 38.0 7.2 0.585
Dopamine (ng/l) 17.8 £ 4.2 173+ 7.6 17.0 = 3.2 20.2*+23 22.6 2.7 26.2 + 4.6 0.648
NE/E + NE/DA ratio 21.9 £ 3.6 32.7 £ 10.1 15.7 = 3.3 189 5.3 17.0 = 3.6 12.0 = 2.8 0.554
E/NE + E/DA ratio 3.6 £ 1.0 75 *+33 2.9 0.7 48+ 1.9 3.1 0.6 2.3+ 0.4 0.341
DA/NE + DAJE ratio 1.1 £0.2 0.8 0.1 1.2+£05 1.2+ 0.2 1.2 +0.2 1.4+03 0.616

Note: The data were analyzed by two-way ANCOVA with control and meditation subjects and gene polymorphisms as factors and the
duration of meditation as a covariate. The p-value indicates interaction effects by two-way ANCOVA. Abbreviations: DA, dopamine; E,
epinephrine; NE, norepinephrine; ANCOVA, analysis of covariance; V/V, valine/valine; V/M, valine/methionine; M/M, methionine/methio-

nine polymorphism.

those with the BDNF Val66Met polymorphism. Post
hoc Student’s r-test showed that the meditation
group had a higher DA/NE + DA/E ratio than the
control group for those with the same BDNF Val/Val
alleles (F = 6.345, p = 0.035, Figure 1a).

Two-way ANCOVA showed a significant inter-
action between control (Val/Val + Val/Met: n = 46,
Met/Met: n = 11) and meditation subjects (Val/Val +
Val/Met: n = 63, Met/Met: n = 17) and the BDNF
Val66Met polymorphism on the NE/E + NE/DA
ratios (F = 4.073, p = 0.046). Post hoc ANCOVA in
the meditation group, controlling for meditation
duration, showed a significantly higher NE/E +
NE/DA ratio for subjects homozygous for BDNF
Met/Met than BDNF Val carriers (F=4.793,
p=0.032).

Associations of the COMT Vall 58Met polymorphism with
plasma NE concentrations

Data for actual plasma catecholamine concentrations
and statistical analyses are shown in Table I. A
significant interaction for control and meditation
subjects with the COMT Vall58Met polymorphism
was observed for plasma NE concentrations
(F=4.924, p = 0.009, Figure 1b). Post hoc ANCOVA
in the meditation group, adjusted for meditation
duration, showed significantly higher plasma NE
concentrations for COMT Met carriers than homo-
zygous subjects (COMT Val/Val; F=5.260,
p =0.025). No significant interactions were found
between the control and meditation subjects and the
COMT Vall58Met polymorphism for plasma epi-
nephrine and DA concentrations, or the total ratios
of each catecholamine (Table I).

Associations of the BDNF Val66Met polymorphism and
the COMT Vall58Met polymorphism with SRI

Those with the BDNF Val/Met (p < 0.001) and
BDNF Met/Met (p = 0.003, Table II) 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 between the control and meditation groups.
Different effects of mind—body training on stress
reduction according to the COMT Vall58Met
polymorphism were not found and stress reduction
in all groups was shown (Table II).

Discussion

The study shows that meditation through mind—body
training showed differential effects on stress and
plasma catecholamine levels according to BDNF or
COMT genetic polymorphisms. These are new
findings that mind-body training showed different
effects depending on genetic differences. Subjects with
the BDNF Val/Val genotype in the meditation
group had an increased DA/NE + DA/E ratio com-
pared to those with the Val/Val allele in the control
group and to those with the Met/Met allele in the
meditation group (Figure 1). Subjects with the
COMT Met/Met 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 II). This result may have been
due to differences in stress levels between those with
the BDNF Val/Val and Met/Met genotypes in the
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Figure 1. Different effects of meditation on plasma catecholamine
concentrations according to BDNF and COMT genotype. (a)
p= 0.042: interaction effect by two-way ANCOVA, p = 0.047*:
post hoc ANCOVA, p = 0.035*: post hoc Student’s t-test, control
group: V/V (n=21), VM (n= 25), M/M (n= 11), meditation
group: V/V(n = 19), V/M(n = 44), M/M(n = 17). (b) p = 0.0097T:
interaction effects by two-way ANCOVA, control group: V/V
(n=20), VM (n=28), M/M (n=9), meditation group: V/V
(n = 38), VM (n = 30), M/M (n = 12). Abbreviations: ANCOVA,
analysis of covariance; V/V, valine/valine, V/M, valine/methionine,
M/M, methionine/methionine polymorphism.

control group. The BDNF Met allele results in a
significantly attenuated HPA axis and cardiovascular
reactivity to psychosocial stressors than the Val/Val
genotype (Alexander et al. 2010), which seems to be
associated with the high stress tendency of the
Met/Met allele genotype compared with other
genotypes in the control group (Table II). Although
subjects with the BDNF Met/Met 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), indicating greater stress-reducing effects of
the BDNF Met/Met genotype through mind-body
training. One possible hypothesis to explain the
associations between stress reduction and the
increased NE/E + NE/DA ratio in BDNF Met carr-
iers is as follows. Stress causes the anterior pituitary
to release adrenocorticotropic hormone resulting
in the production of glucocorticoids (Glaser and
Kiecolt-Glaser 2005) from the adrenal cortex, which
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inhibits catecholamine release (Park et al. 2008).
Therefore, the high stress levels of the BDNF
Met/Met genotype compared with other genotypes
in the control group may be associated with the lower
plasma NE/E + NE/DA ratio of the Met/Met geno-
type in the control group (Table I). However, in the
meditation group, the BDNF Met/Met genotype
showed more stress reduction (Table II) and an
increase in the NE/E + NE/DA ratio compared with
the other genotypes (Table I). Hence, the stress
reduction of the BDNF Met/Met genotype through
mind-body training may have contributed to altered
regulation of the sympathetic nervous system, result-
ing in an increase in the NE or NE/E + NE/DA ratio,
which could mediate beneficial cognitive functions,
such as attention and alertness (Lapiz and Morilak
2006). The increased tendency for higher NE
concentrations in subjects with the COMT
Met/Met allele in the meditation group than in the
control group (Figure 1) was similar to the high
NE/E + NE/DA ratio in those with the BDNF
Met/Met genotype, and these similar results seem to
support the above hypothesis in the case of BDNF
Met/Met. That is, COMT Val allele carriers report
greater perceived social acceptance than homozygous
Met allele carriers, and homozygous Val allele carriers
report greater maintenance 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 to socially stressful situations based on
the trend toward higher stress levels compared with
other genotypes such as BDNF Met/Met (Table II). In
contrast with the control group, the tendency for
increased NE level in those with the COMT
Met/Met allele in the meditation group compared
with other genotypes (Table I) may stem from stress
reduction. Interestingly, the same Met/Met poly-
morphism, although in different genes (BDNF and
COMYT), showed similar results in increased NE/E +
NE/DA ratio for the BDNF Met/Met genotype and
increased plasma NE concentrations for the COMT
Met/Met allele in the meditation group. These results
suggest that although BDNF and COMT are different
genes, changes in valine or methionine in these genes
that alter protein functions mediate effects of mind—
body training on catecholamine activity.

The BDNF Val/Val genotype in the meditation
group showed an increased 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 meditation group (Figure 1). In the control group,
although BDNF Val/Val carriers had a low DA/NE +
DA/E ratio compared with Met/Met carriers, the
actual DA concentrations of the Val/Val and Met/Met
subjects were similar (Table I). The tendency for a low
DA/NE + DAJE ratio in the BDNF Val/Val carriers
seemed to result from the tendency for high actual NE
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Table II.  Stress levels (SRI) according to BDNF Val66Met and COMT Vall58Met polymorphisms.

Control (n = 53)

Meditation (n = 73)

BDNF genorype VIV (n = 19) V/M (n = 23) M/M (n = 11) VIV (n = 18) V/M (n = 39) M/M (1 = 16)
SRI (mean + SE) 135+ 2.5 15.0 + 2.2 21.6 = 4.4 8.6 + 2.0 6.9 = 1.1%* 4.6 + 1.0%*
COMT genotype VIV (n = 20) V/M (n = 25) M/M (n = 8) VIV (n = 35) V/M (n = 28) M/M (1 = 10)
SRI (mean * SE) 16.3 = 2.6 143 +2.3 19.6 + 4.8 7.2+ 1.1%* 6.4 + 1.3%% 6.6 = 2.1%

Note: The differences between the control and meditation groups with the same genotypes were analyzed using the Student’s z-test. p < 0.05*.
p < 0.01**, Abbreviations: SRI, Stress Response Inventory; V/V, valine/valine; V/M, valine/methionine; M/M, methionine/methionine

polymorphism.

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
situation affects the SAM axis as well as the HPA
axis, and this involves increased epinephrine and
NE secretion (Glaser and Kiecolt-Glaser 2005). 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 associated 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 I) evidently increased the DA/NE +
DAVJE ratio in the meditation group (Figure 1).

Brain regions including the prefrontal cortex and
right anterior insula associated with attention, inter-
oception, and sensory processing are thicker in
meditation participants than matched controls
(Lazar et al. 2005), suggesting that meditation
enhances brain plasticity (Xiong and Doraiswamy
2009). We hypothesize that thicker brain regions in
meditation participants may be related to neurogen-
esis and brain plasticity through mind—body training
depending on genetic polymorphisms. The effects of
meditation may be associated with adaptation of
existing neural connections and neurogenesis to
accommodate new information and experiences.
BDNF is required for neurogenesis (Lee et al.
2002), and adult hippocampal neurogenesis is not
only affected by internal growth factors including
BDNF, but also regulated by external stimuli (Lee and
Son 2009). Enriched environments and physical
activity stimulate hippocampal neurogenesis (Brown
et al. 2003). Therefore, psychological well-being from
stress reduction and physical movements during
meditation practice may produce beneficial effects
on brain plasticity according to BDNF genotype.
Mind-body practices elicit specific gene expression
changes in short- and long-term practitioners,
suggesting that consistent, constitutive changes in
gene expression resulting from the relaxation response
may relate to long-term physiological effects (Dusek
et al. 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 (Zubieta et al. 2003). Just as the
treatment efficacy and side effects of selective
serotonin reuptake inhibitors (fluoxetine) in patients
with major depressive disorder are associated with the
BDNF Val66Met polymorphism (Zou et al. 2010),
mind—-body training in this study showed different
effects on catecholamine activity or psychological state
according to the BDNF Val66Met polymorphism.
Therefore, mind—body training may complement
therapeutic limitations of medication and may
enhance the therapeutic effects for stress-related
disorders as an alternative compensatory approach
and contribute to individual therapy based on genetic
polymorphisms. Furthermore, mind—body training is
free from any harmful and undesired side effects
resulting from medication.

However, this study had some limitations. The
samples were collected during the daytime. They
were taken in similar conditions at random times
during the day in both the control and meditation
groups. Any effects of diurnal variations of the
parameters measured in this research need to be
investigated in a further study. As this study was
limited by its cross-sectional design, a longitudinal
study to investigate the same subjects before starting
meditation and after such mind-body training is
needed. Plasma catecholamine concentrations do not
necessarily reflect central nervous system catechol-
amine levels, which are difficult to measure in
humans. Nevertheless, as the BDNF and COMT
genotypes are not different between central and
peripheral systems, the findings from this study might
reflect interactions between catecholamine metab-
olism and meditation in the brain.

In conclusion, this is the first report showing that
meditation has different effects on stress and plasma
catecholamines according to BDNF and COMT
genetic polymorphisms. These findings suggest the
potential for adjunct therapies for stress-related
disorders based on the different effects of mind—body
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training between individuals according to genetic
polymorphisms.
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