
INTRODUCTION 

The effects of mind-body training (MBT) on attentional and 
emotional processes may have a long-term impact on the 
brain and behavior.1 Also, in the medial prefrontal cortex of 
meditators the increased activation may be associated with 
emotional processing.2 Considering that emotional experience 
was significantly correlated with theta activity,3 the increased 
activation of alpha and theta activation during meditation4 
may contribute to a long-term improvement of the personal-
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ity including emotion. Increasing emotional competence led 
to long-term significant increases in Extraversion and Agree-
ableness as well as a decrease in Neuroticism.5 As meditation 
practice affected the decrease of Neuroticism,6 the enhance-
ment of emotional well-being and the decrease of Neuroticism 
through MBT are thought to play an important role on per-
sonality. Given that personality traits were associated with the 
neural substrates of Extraversion, Neuroticism, Openness, and 
Conscientiousness in the amplitude of spontaneous low-fre-
quency oscillations,7 effects of MBT on personality seem to be 
based on the structural and functional brain plasticity. In ad-
dition, individuals lower in Extraversion had higher levels of 
IL-6,8 and mental stress increased pro-inflammatory cytokine, 
IL-6.9 As meditation training can improve perceived stress and 
negative mood10 and increased meditation practice was associ-
ated the decrease of IL-6,11 MBT would be able to change and 
improve personality traits as well as the immune system. 

Gray12 suggested two motivational systems of a behavioral 

ORIGINAL ARTICLE

Effects of Mind-Body Training on Personality and Behavioral  
Activation and Inhibition System According to BDNF Val66Met 
Polymorphism 

Ye-Ha Jung1, Ul Soon Lee2, Joon Hwan Jang1, and Do-Hyung Kang1,3 

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

ObjectiveaaIt has been known that mind-body training (MBT) can affect personality and behavior system as well as emotional well-be-
ing, but different effects of MBT on them has not been reported according to BDNF genetic polymorphism.
MethodsaaHealthy subjects consisted of 64 subjects and the MBT group who practiced meditation regularly consisted of 72 practitio-
ners. Participants completed neuroticism-extraversion-openness (NEO) Five-Factor Inventory and Behavioral Activation System/Be-
havioral Inhibition System (BAS/BIS) scales. All subjects were genotyped for the BDNF Val66Met polymorphism. 
ResultsaaIn the same genotypes of the BDNF Val/Val+Val/Met group, MBT group showed the increased Extraversion (p=0.033) and 
the increased Openness to Experience (p=0.004) compared to the control group. Also, in the same Met/Met carriers, MBT group exhibit-
ed the increase of Extraversion (p=0.008), the reduction of Neuroticism (p=0.002), and the increase of Openness to Experience (p=0.008) 
compared to the control group. In the same genotypes of the BDNF Val/Val+Val/Met group, MBT group showed the decreased BAS-Re-
ward Responsiveness (p=0.016) and the decrease of BIS (p=0.004) compared to the control group. In the BDNF Met/Met group, MBT 
group increased BAS-Fun Seeking (p=0.045) and decreased BIS (p=0.013) compared to the control group.
ConclusionaaMBT would differently contribute to NEO personality and BAS/BIS according to BDNF genetic polymorphism, compen-
sating for different vulnerable traits based on each genotype.	 Psychiatry Investig 2016;13(3):333-340

Key Wordsaa�Mind-body training, NEO personality, Behavioral activation system, Behavioral inhibition system,  
BDNF Val66Met genetic polymorphism.

Received: July 2, 2015    Revised: August 19, 2015
Accepted: August 20, 2015    Available online: January 8, 2016
 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/3.0) which permits unrestricted non-commercial use, distribution, and reproduc-
tion in any medium, provided the original work is properly cited.

http://dx.doi.org/10.4306/pi.2016.13.3.333



334  Psychiatry Investig 2016;13(3):333-340

MBT Effects on Personality and Behavioral Systems

inhibition system (BIS) and a behavioral activation system 
(BAS). BIS functions to stop ongoing behaviour and BAS is 
believed to govern the engagement of action.13 BAS and Ex-
traversion tended to mutually increase the impact of each 
other, while BIS diminished the effect of BAS.14 Higher self-
reported BAS predicted better working-memory performance, 
suggesting personality differences in cognitive control.15 Also, 
as brief mindfulness training significantly improved working 
memory, better working-memory through MBT seems to be 
able to affect enhancement of BAS. Considering that the BIS 
may be more strongly associated with fitness-related exercise 
behavior, whereas the BAS may play a relatively greater role 
in terms of subjective exercise enjoyment,16 MBT may differ-
ently contribute to BAS and BIS according to individual dif-
ferences of personality. This study focuses on different effects 
of MBT on personality and BAS/BIS, based on individual dif-
ferences according to genetic polymorphism. 

Behavior genetic studies reveal that personality traits are sub-
stantially influenced by the genes17 and individual differences 
in coping styles and life events can be explained by moderate 
genetic and substantial environmental influences.18 BDNF Met 
carriers were more introverted, and 5-HTTLPR LL carriers 
scored lower on Neuroticism in the presence of the BDNF Val 
variant, but scored higher on Neuroticism in the presence of 
the BDNF Met variant.19 It was reported that the interaction of 
COMT and DRD2 polymorphisms predicts the behavioural 
approach system20 and that significant associations between 
the A1 allele of the DRD2 TaqI A polymorphism and a high 
BAS-Reward Responsiveness were observed.21 However, a re-
lationship of BAS and BIS with BDNF genetic polymorphism 
has not been known. In addition, little is known about the vari-
ous long-term effects of MBT on NEO personality traits and 
BAS/BIS according to BDNF genetic polymorphism. Thus, 
the first aim of this study was to examine whether BDNF ge-
netic polymorphism is associated with the NEO personality 
and BAS and BIS. Finally, hypothesis of this study is that MBT 
would differently contribute to NEO personality and BAS/ 
BIS according to BDNF Val66Met polymorphism.

METHODS

Subjects
All participants in the control and MBT groups engaged vol-

untarily in this research. The MBT group consisted of 64 sub-
jects who practiced meditation regularly, and the control group 
consisted of 72 healthy subjects. The Structured Clinical In-
terview for DSM-IV Non-patient Version was used to assess 
psychiatric disorders in the participants. Exclusion criteria in-
cluded a life-time history of psychosis, bipolar disorder, major 
depressive disorder, substance abuse or dependence, signifi-

cant head injury, seizure disorder, or mental retardation. This 
study was approved by the Institutional Review Board at Seoul 
National University Hospital, and informed consent was ob-
tained from all the participants. Subjects in the MBT group 
had been practicing meditation for a mean of 43 months 
(range 3–144 months). This study included subjects who were 
homogeneous in age and who practiced the same type of medi-
tation. All subjects in the MBT group engaged in “Brain Wave 
Vibration” MBT, which is known to facilitate the process by 
which the negative thoughts that generate negative brain 
waves change into positive thoughts that generate positive brain 
waves. This process has also been described as brain respira-
tion because it focuses primarily on the brain and its develop-
ment, although the actual practice of this discipline resem-
bles yoga, martial arts, and meditation. Brain Wave Vibration 
is a MBT technique designed to relax both mind and body 
through natural rhythmic movements. It is intended to be a 
simple meditation technique, a kind of moving meditation 
that can be used to manage stress and optimize brain health. 
This technique is designed to help quiet the thinking mind and 
release emotions, particularly negative emotions, through 
physical movements and focus on body sensations. The first 
step is to consciously move the body, starting by gently shak-
ing the head to the left and to the right. The second step in-
volves following one’s own natural rhythm and focusing on 
physical sensations and vibrations, which may spread to all 
parts of the body. Once the vibration becomes natural and 
familiar, practitioners reflexively engage in the third step, char-
acterized by an increased awareness of the movement of en-
ergy within the body.22 

Genotyping
The subjects’ DNA was genotyped at the BDNF Val66Met 

locus. Whole blood was withdrawn from each participant and 
collected into EDTA-containing tubes. The volume was mea-
sured, recorded, and a 1-mL aliquot was stored at -20°C until 
genomic DNA extraction. Genomic DNA was isolated from 
200 μL of whole blood using the QIAamp DNA Blood Mini kit 
according to the manufacturer’s instructions (QIAGEN, Hilden, 
Germany). All polymorphisms were detected by TaqMan al-
lelic discrimination assays on an ABI Prism 7500 Sequence 
Detection System (Applied Biosystems, Foster City, CA, USA). 
BDNF Val66Met (rs6265, C-11592758-10) was used for ge-
notyping (Applied Biosystems). The PCR reaction consisted 
of 95°C for 10 min and 50 cycles of 92°C for 30 s and 60°C 
for 1 min. A total of 10 μL of PCR reaction mixture was pre-
pared with 5 μL of 2×TaqMan Genotyping Master mix, 0.5 
μL of 20×Drug Metabolism Genotyping Assay mix, 3.5 μL of 
DNase-free water, and 1 μL of genomic DNA. The ABI Prism 
7500 Sequence Detection System software ver. 2.0.1 (Applied 
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Biosystems) was used for the analysis. The genotyping proce-
dure screened for BDNF.

NEO five-factor inventory of personality 
Personality was assessed using the reliable and validated 

questionnaire based on the NEO Five-Factor Inventory (NEO-
FFI) theory of personality.23 This well established question-
naire consists of 60 items with a 5-Likert scale response for-
mat (1–5 points) including “not at all” (1), “somewhat” (2), 
“moderately” (3), “very much” (4), or “absolutely” (5). Scores 
for each domain are calculated by summing the 12 item re-
sponses. The NEO-FFI measures the personality dimensions: 
Agreeableness, Conscientiousness, Extraversion, Neuroticism, 
and Openness to Experience. 

Behavioral Activation System and Behavioral 
Inhibition System

The BAS/BIS Scale24 was also used to assess BAS and BIS 
sensitivity. The BAS/BIS Scale contains 20-items and a four-
point Likert scale with BIS items (7) and BAS items (13) inter-
mixed. There is one BIS scale and three BAS subscales: BAS-
Reward Responsiveness, BAS-Drive and BAS-Fun Seeking. 

Statistical analysis
Student’s t-test was used to analyze the differences between 

the two groups and p-values less than. p=0.05 were considered 
statistically significant.

RESULTS

The demographic characteristics of the two groups are shown 
in Table 1. No significant differences were observed for age or 
gender between the MBT and control groups. No statistically 
significant differences in genetic polymorphism were found 
between control and MBT subjects (Table 1). 

First of all, how BDNF genetic polymorphism is associated 
with the NEO personality and BAS/BIS was investigated in 
the control group. BDNF Val/Val subjects scored higher Extra-
version than Met/Met in the control group (p=0.016) (Figure 
1A). BDNF Met/Met subjects scored higher Neuroticism than 
Val/Val in the control group (p=0.046) (Figure 1A). BDNF 
Val/Val+Val/Met in the control group showed higher BAS-
Fun Seeking than BDNF Met/Met homozygous in the con-
trol group (p=0.004) (Figure 1B).

Next, we examined that effects of MBT on NEO personality 
and BAS/BIS would be affected by BDNF genetic polymor-

Table 1. Demographic characteristics and genetic polymorphism

Control (N=64) MBT (N=72) Statistics (χ2, t) p-value
Age (year) 25.94±3.85 26.07±3.15 -0.220 0.827
Male/Female 35/29 35/37 0.501 0.479
Education (year) 14.91±1.42 14.83±1.73 0.279 0.781
BDNF Val/Val N=22 N=15 3.140 0.208
BDNF Val/Met N=30 N=41
BDNF Met/Met N=12 N=16

BDNF: brain-derived neurotrophic factor, Val: valine, Met: methionine
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phism in the MBT group. BDNF Met/Met showed the lower 
Neuroticism compared to BDNF Val/Val+Val/Met within the 
MBT group (p=0.049) (Figure 2). However, associations of 
BDNF genetic polymorphism with BAS/BAS scale did not 
show any significant results in the MBT group.

Finally, differences of NEO personality and BAS/BIS be-
tween the control and MBT groups were investigated. In the 
same genotypes of the BDNF Val/Val+Val/Met group, MBT 
group showed the increased Extraversion (p=0.033) and the 
increased Openness to Experience (p=0.004) compared to the 
control group (Figure 3A). Also, in the same Met/Met carriers, 
MBT group exhibited the increase of Extraversion (p=0.008), 
the reduction of Neuroticism (p=0.002), and the increase of 
Openness to Experience (p=0.008) compared to the control 
group (Figure 3B). In the same genotypes of the BDNF Val/
Val+Val/Met group, MBT group showed the decreased BAS-
Reward Responsiveness (p=0.016) and the decrease of BIS (p= 

0.004) compared to the control group (Figure 4A). In the BDNF 
Met/Met group, MBT group increased BAS-Fun Seeking (p= 
0.045) and decreased BIS (p=0.013) compared to the control 
group (Figure 4B). 

DISCUSSION 

The studies on associations between BDNF genetic poly-
morphism and personality have been known but the various 
long-term effects of MBT on NEO personality traits and BAS/
BIS according to BDNF genetic polymorphism has little been 
known. We have found that MBT would differently contrib-
ute to NEO personality and BAS/BIS according to BDNF 
Val66Met polymorphism. First, MBT group in the BDNF 
Val/Val+al/Met subjects showed the increased Extraversion 
and the increased Openness to Experience compared to the 
control group, and MBT group in the same Met/Met carriers 
exhibited the increase of Extraversion, the reduction of Neurot-
icism and the increase of Openness to Experience compared 
to the control group (Figure 3). Second, MBT group in the 
BDNF Val/Val+Val/Met group showed the decreased BAS-
Reward Responsiveness and the decrease of BIS compared to 
the control group (Figure 4A). MBT group in the BDNF Met/
Met group increased BAS-Fun Seeking and decreased BIS 
compared to the control group (Figure 4B). 

First of all, whether BDNF genetic polymorphism is associ-
ated with the NEO personality and BAS/BIS was investigat-
ed. A study that BDNF Met carriers were more introverted19 
supports our result that BDNF Val/Val showed higher Extra-
version than that of Met/Met in the control group (Figure 1A). 
Extraversion was positively correlated with meditation prac-
tice and Neuroticism was negatively correlated with medita-
tion practice.6 In particular, the increase of Extraversion in 
MBT group compared to the control group is thought to be 
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associated with the decrease of Neuroticism through MBT 
(Figure 3). In this study, BDNF Met/Met subjects scored high-
er Neuroticism than Val/Val in the control group (Figure 1A). 
In BDNF Met carriers, elevations in Neuroticism and trait de-
pression and stress were associated with lower hippocampal 
volume, but there were no such associations in Val homozy-
gotes.25 On the other hand, Met/Met and Val/Met individu-
als, as compared to Val/Val, showed a significant lower Neu-
roticism score.26 Also, among individuals with at least one 
copy of the DAT 9-repeat allele, carriers of the BDNF Met al-
lele exhibited significantly lower Neuroticism scores than non-
carriers.27 Although the reported studies on associations of 
BDNF Val66Met genetic polymorphism with Neuroticism 
are controversial, higher neuroticism of Met/Met subjects than 
Val/Val in the control group seems to be able to be explained 
by other results such as lower extraversion of Met/Met subjects 
than Val/Val (Figure 1A). Within the MBT group, BDNF Met/
Met carriers showed lower Neuroticism than that of BDNF 
Val/Val+Val/Met (Figure 2), which seems to be consistent with 
the decrease of Neuroticism of Met/Met carriers in MBT 
group compared to the control group (Figure 3). The de-
creased Neuroticism in BDNF Met/Met through MBT may 
be mediated by complement of vulnerability for higher Neu-
roticism of the Met/Met carriers (Figure 1A). The decrease of 
Neuroticism through MBT was shown in the BDNF Met/Met, 
but not Val/Val+Val/Met group (Figure 3B). Higher Neuroti-
cism in Met/Met compared to Val/Val (Figure 1A) may in-
duce the significant decrease of Neuroticism in Met/Met, in-
dicating more decrease effect of MBT on Neuroticism in Met/
Met subjects. The BDNF Met-early life stress interaction also 
predicted elevated Neuroticism and higher depression and 
anxiety by elevations in body arousal.28 Thus, the reduction of 
stress through MBT22 may contribute to the decrease of Neu-
roticism in Met/Met carriers of the MBT group compared to 

the control group (Figure 3B). 
In addition to the reduction of stress, enhancement of emo-

tional well-being through MBT seems to induce the decrease 
of Neuroticism and the increase of Extraversion. The increase 
of emotional competence was related to long-term signifi-
cant increases in Extraversion and Agreeableness as well as a 
decrease in Neuroticism.5 Gene-stress susceptibility factors 
contribute to a brain-arousal profile indicative of risk for de-
pression.29 Considering that introverts are more aroused than 
are extraverts30 and BDNF Met carriers were more introvert-
ed,19 the stress-related high arousal of Met carriers is thought 
to be decreased to optimal level of arousal through the reduc-
tion of stress and Neuroticism by practicing MBT. Discus-
sion on association of MBT with maintaining an optimal level 
of arousal31 seems to be able to explain the increase of Extra-
version in both BDNF Val/Val+Val/Met and Met/Met groups. 
In addition to the increase of Extraversion, MBT group in 
BDNF Val/Val+Val/Met subjects increased the Openness to 
Experience compared to the control group (Figure 3). The in-
crease of Openness to Experience through MBT seems to be 
associated with the enhancement of creativity.32 Thus, MBT 
may enhance the potential of brain capacity such as creativity 
in addition to complement of different vulnerability accord-
ing to genetic polymorphism.

It was revealed that MBT differently affected the BAS and 
BIS as well as NEO personality traits according to genetic 
polymorphism in this study. We found that the Val/Val+Val/
Met subjects showed higher BAS-Fun Seeking than that of 
the Met/Met carriers in the control group (Figure 1B). On the 
other hand, in the Met/Met subjects, MBT group showed in-
creased BAS-Fun Seeking (Figure 4B), which seems to restore 
vulnerability of low BAS-Fun Seeking in the control Met/Met 
group. In both Val/Val+Val/Met and Met/Met groups, MBT 
group showed decreased BIS (Figure 4). As higher BIS subjects 
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generated a more right hemisphere activation for some nega-
tive emotions such as fear, anger, and surprise,33 the decreased 
BIS in MBT group compared to the control group (Figure 4) 
may be related to the reduction of negative emotions in the 
right hemisphere activation. Given that Neuroticism positive-
ly correlated with the BIS in this study, though the result was 
not presented, the reduction of Neuroticism through MBT 
may in part contribute to the decrease of BIS. High Extraver-
sion and Openness and low Neuroticism and Agreeableness 
predicted fearless dominance which was related to low BIS 
activity and high BAS activity.34 Thus, the decrease of BIS in 
MBT group compared to the control group (Figure 4) seems 
to be related to the reduction of Neuroticism, or the increase 
of Extraversion and Openness (Figure 3). Also, the decrease 
of Neuroticism and increase of Extraversion in Met/Met sub-
jects through MBT (Figure 3B) is thought to be associated 
with the increase of BAS-Fun Seeking in Met/Met subjects 
(Figure 4B). Considering that BAS correlated with positive 
affect,35 the increase of positive affect through MBT22 may be 
related to the increase of BAS-Fun Seeking in Met/Met sub-
jects. Also, as Extraversion increases BAS and vice versa,14 
higher Extraversion and lower Neuroticism in Val/Val homo-
zygotes compared to the Met/Met within the control group 
(Figure 1A) may be related to the higher BAS-Fun Seeking in 
Val/Val+Val/Met compared to the Met/Met (Figure 1B). As a 
result, the increase of Extraversion through MBT seems to 
contribute to the increase of the BAS-Fun Seeking in Met/Met 
subjects. 

Significant associations between the A1 allele of the DRD2 
TaqI A polymorphism and a high BAS-Reward Responsive-
ness were reported21 but a relationship of BDNF with BAS-
Reward Responsiveness has not been studied. High scores on 
BAS-Drive and BAS-Reward Responsiveness was associated 
with a strategy that first seeks to maximize the likelihood of 
reward, and then to maximize the amount of reward.36 Con-
sidering that in Val/Val+Val/Met subjects, MBT group had 
lower BAS-Reward Responsiveness than that of the control 
group (Figure 4A), the reduction of BAS-Reward Responsive-
ness through MBT may be more associated with the increase 
of intrinsic motivation which exists within the individual rath-
er than relying on any external reward. 

BIS activity was associated with increased amygdala and 
hippocampal gray matter volume37 and a reduced volume in 
the striatum might be associated with enhanced reward sensi-
tivity and deficits in inhibitory control,38 suggesting that BAS 
and BIS was associated with a structure of brain. Thus, MBT 
is postulated to affect the structure and function of brain relat-
ed to BAS/BIS and personality.

Neuroticism increased the risk of later schizophrenia, where-
as Extraversion reduced the risk.39 Low Extraversion scores 

were significantly correlated with gray matter volume reduc-
tions in the right posterior fusiform gyrus in chronic schizo-
phrenia.40 Also, Neuroticism predicted positive symptoms of 
schizophrenia and depression.41 Thus, the decrease of Neuroti-
cism and increase of Extraversion through MBT can repre-
sent the effects of complementary and alternative medicine 
for schizophrenia and depression. Considering that social anxi-
ety disorder showed decreased BAS-Fun Seeking and in-
creased BIS,42 the decrease of anxiety through MBT is thought 
to contribute to the increase of BAS-Fun Seeking and the de-
crease of BIS. Because BIS was negatively correlated with car-
diovascular fitness16 and higher BIS sensitivity correlated posi-
tively with anxiety scores43 and correlated with longer duration 
of illness,44 the decrease of BIS through MBT is thought to be 
associated with the improvement of physical and emotional 
fitness. We can suggest plausible reasons for the different ef-
fects of MBT depending on BDNF genotype as follows. First, 
NEO personality and BIS/BAS show different traits according 
to BDNF genetic polymorphism, which can induce the differ-
ent effects of MBT on them. Second, MBT can complement 
and restore the specific vulnerability in each genetic polymor-
phism such as compensating for NEO-Extraversion/Neuroti-
cism and BAS-Fun Seeking in BDNF Met/Met subjects. Third, 
MBT can more strengthen some strong points like NEO-Ex-
traversion in BDNF Val/Val+Val/Met subjects. Fourth, MBT 
seems to enhance the potential personality such as NEO-
Openness to Experience in all subjects. Thus, MBT can restore 
the specific vulnerability and strengthen some advantages in 
each genetic polymorphism, enhancing the potential of brain 
capacity and personality, which may induce different effects 
of MBT on personality and behavioral systems depending on 
BDNF genotype. Biological mechanisms accounting for dif-
ferent effects of MBT on them depending on BDNF genotype 
need to be explored in future studies.

Since this study was limited by its cross-sectional design, a 
longitudinal study which can investigate before and after MBT 
following the same people over a longer period of time is re-
quired to confirm our results. The sample size was very small 
for the proving the association between NEO (or BAS/BIS) 
and BDNF polymorphism. Nevertheless, as subjects in the 
MBT group had been practicing MBT for a mean of 43 months 
with the same type of MBT, the results of this study deserve 
to be approved. To elucidate the effects and hidden mecha-
nisms of MBT an integrative study is needed from molecule 
to behavior based on genetic differences in the future. 

In conclusion, MBT showed different effects on NEO per-
sonality and BAS/BIS according to BDNF genetic differenc-
es, suggesting that MBT can complement and restore the spe-
cific vulnerability in each genetic polymorphism. Also, MBT 
would induce the beneficial changes of specific personality 
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and behavioral system and enhance the potential of brain ca-
pacity according to genetic differences. These findings suggest 
the potential of brain to complement and restore vulnerabili-
ty of individual behavioral system and personality based on 
the different effects of MBT according to genetic polymor-
phisms. Considering that MBT showed complemental effects 
on the relative balance of plasma catecholamines according 
to BDNF and COMT genetic polymorphisms,45 the different 
effects of MBT on personality and behavioral systems accord-
ing to BDNF polymorphism support that MBT can be help-
ful for personalized medicine.
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