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Summary
Objectives:  The  present  study  examined  changes  in  electroencephalogram  (EEG)  and  heart
rate variability  (HRV)  parameters  during  paced  breathing  (PB)  and  their  relationships  with  self-
reported personality  traits.
Methods:  Fifty-eight  meditation-naive  subjects  (36  men,  22  women)  ranging  in  age  from  20
to 30  years  completed  the  Temperament  and  Character  Inventory  (TCI).  After  a  spontaneous
breathing  session,  participants  were  asked  to  breathe  in  6-s  cycles,  guided  by  an  acoustic  stimu-
lus. EEG,  HRV,  and  respiratory  data  were  recorded  during  spontaneous  and  paced  breathing.  We
calculated the  powers  for  the  EEG  and  HRV  parameters  based  on  the  most  regular  respiratory
curve observed  over  a  5-min  period.
Results:  In  terms  of  HRV  parameters,  the  high-frequency  power  increased  and  the  low
frequency-to-high  frequency  ratio  decreased  during  PB.  The  low-frequency  power  did  not
change.  In  terms  of  EEG  parameters,  low-frequency  alpha  power,  a  marker  of  internal  atten-
tion, globally  increased  and  theta  power,  a  marker  of  an  advanced  meditative  state,  locally
decreased.  This  indicates  that  parasympathetic  activity  and  internal  attention  increased,
whereas an  advanced  meditative  state  was  inhibited  during  PB.  Of  the  personality  traits,
harm avoidance,  novelty  seeking,  persistence,  self-directedness,  and  self-transcendence  were

related to  changes  in  low-  and  high-frequency  alpha  powers.
Conclusions:  Our  results  suggest  that  PB  can  be  utilized  as  a  concentration  meditation  practice
for novices,  and  that  individual  differences  such  as  personality  traits  should  be  considered  when
PB is  offered  for  clinical  or  experimental  purposes.
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editation  is  associated  with  the  attainment  of  a  deeply
estful,  yet  fully  alert  state.1 It  is  generally  accepted  that
 utility  of  paced  breathing  as  a  concentration  meditation
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reathing  is  an  important  practice  for  meditation,  and  this
ype  of  breathing  is  divided  into  two  distinct  categories:
nvoluntary  breathing  and  voluntary  breathing.2 Involuntary
reathing,  controlled  by  the  respiratory  center  in  the  lower

dx.doi.org/10.1016/j.ctim.2012.07.008
dx.doi.org/10.1016/j.ctim.2012.07.008
http://www.sciencedirect.com/science/journal/09652299
www.elsevierhealth.com/journals/ctim
mailto:bmpomd@khu.ac.kr
dx.doi.org/10.1016/j.ctim.2012.07.008


 IN+Model
Y

2

b
w
t
m

n
m
c
o
p
t
t
c
m
c
i
c
a
A
t
o
i
w
f
S
t
h
t
r
i
r
e
i
m
a
p
t
a
s

t
e
m
i
e
a
i
h
d
e
i
o
A
r
i

p
p
d
o
A
i

t
f
a
u
e
T
s
o
(
a
(
(

r
b
a
m
a
u
a
P
H
t
s
c
b
a
p
5
c
m

M

P

A
d
r
y
(
f
s
e
o
K
c

P

P
s
v
t
a
L

ARTICLECTIM-1161; No. of Pages 7

 

rain,  maintains  homeostasis  of  the  arterial  blood  gases,
hereas  voluntary  breathing,  governed  by  a  higher  brain  sys-

em  such  as  the  neocortex  or  lymbic  system,  is  controlled
ainly  by  abdominal  expiratory  activity.2

There  are  differences  in  breathing  practices  between
ovice  and  expert  meditators.  For  example,  Su-soku  is  a
editation  practice  in  which  novice  practitioners  silently

ount  their  breaths  so  as  to  focus  their  attention.3 With
ngoing  practice,  counting  is  omitted  and  practitioners  sim-
ly  remain  aware  of  their  present  experience,  including
heir  breathing.  Dunn  et  al.4 proposed  that  it  is  a  useful
echnique  to  divide  the  practice  of  meditation  into  four
omponents:  form,  object,  attitude,  and  behaviors  of  the
ind.  Among  the  four  components,  behaviors  of  the  mind

an  be  conceptualized  as  meditative  concentration,  which
s  mindfulness  to  internal  or  external  stimuli  occurring  con-
urrently  with  meditation.  Concentration  has  been  defined
s  the  focus  of  awareness  on  a  single  point  or  object.4

ccording  to  Dunn’s  classification,  Su-soku  meditation  is  a
ype  of  concentration  meditation  because  the  single  point  or
bject  of  focus  is  the  breath  itself.1,3,4Paced  breathing  (PB)
s  voluntary  breathing  to  synchronize  the  breathing  rhythm
ith  an  acoustic  or  visual  signal  that  oscillates  at  a  specific

requency.5—8 In  the  current  study,  we  propose  that  PB,  like
u-soku  meditation,  can  be  utilized  as  a  method  of  medi-
ation  based  on  the  following  features.  First,  many  studies
ave  reported  that  PB  induces  an  increase  in  parasympa-
hetic  activity,7,9,10 which  is  directly  related  to  an  increase  in
espiratory  sinus  arrhythmia  (RSA).11 Parasympathetic  activ-
ty  related  to  psychological  or  somatic  relaxation  is  generally
egarded  as  a  marker  of  successful  meditation.1,12,13 For
xample,  during  Su-soku,  the  percent  change  in  theta  power
s  positively  correlated  with  the  percent  change  in  the  nor-
alized  high  frequency  (HF)  of  heart  rate  variability  (HRV),

 marker  of  parasympathetic  activation.1 Thus,  PB-induced
arasympathetic  activation  is  a  possible  method  of  medita-
ion  therapy.  Second,  PB  may  be  defined  as  concentration
ccording  to  Dunn  et  al.4 because  it  focuses  awareness  on  a
ingle  point  or  object:  an  acoustic  or  visual  signal.5—8

Together  with  parasympathetic  activation,  the  alpha-  and
heta-band  powers  of  electroencephalogram  (EEG)  param-
ters  are  generally  accepted  as  markers  of  successful
editation.3 It  has  been  reported  that  Su-soku  results  in  an

ncrease  in  low-frequency  alpha  and  theta  powers.1 How-
ver,  unlike  Su-soku,  changes  in  EEG  parameters  during  PB
re  not  consistent.  One  study  has  found  that  mean  power
n  the  beta  band  increases  during  PB,6 whereas  another
as  found  that  the  power  in  beta-,  alpha-,  and  theta-bands
uring  slow  PB  are  higher  than  those  during  fast  PB.5 To
stimate  the  clinical  utility  of  PB  as  a  concentration  med-
tation  practice,  it  may  be  helpful  to  examine  the  effects
f  PB  on  autonomic  and  neurophysiological  characteristics.
ccordingly,  the  primary  aims  of  the  present  study  are  to
eplicate  parasympathetic  activation  during  PB  and  to  clar-
fy  the  effects  of  PB  on  neurophysiological  changes.

Another  aim  of  the  present  study  is  to  examine  whether
ersonality  traits  are  related  to  autonomic  and  neuro-
hysiological  changes  during  PB.  Personality  is  usually
Please  cite  this  article  in  press  as:  Park  Y-J,  Park  Y-B.  Clinical
practice.  Complement  Ther  Med  (2012),  http://dx.doi.org/10.

efined  as  a  sum  of  the  stable  and  habitual  patterns
f  behavior  that  are  characteristic  of  an  individual.14

 combination  of  these  patterns  of  behavior  leads  to
ndividual  differences  in  personality,  which  is  considered
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o  be  composed  of  temperament  and  character.15 The
ormer  refers  to  tendencies  to  react  to  emotional  stimuli
nd  has  some  genetic  basis.  The  latter  reflects  individ-
al  differences  in  self-object  relationships  and  is  more
nvironmentally  influenced  than  is  temperament.15 The
emperament  and  Character  Inventory  (TCI)  is  a  common
elf-report  questionnaire  used  to  measure  four  dimensions
f  temperament,  novelty  seeking  (NS),  harm  avoidance
HA),  reward  dependence  (RD),  and  persistence  (P),
nd  three  dimensions  of  character,  self-directedness
SD),  cooperativeness  (C),  and  self-transcendence
ST).16

Dunn  et  al.4 have  theorized  that  personality  can  be
egarded  as  an  attitude  or  mental  state  regarding  meditation
ecause  personality  accounts  for  individual  differences  in
utonomic  and  neurophysiological  changes  observed  during
editation.  Since  temperament  and  character  dimensions

re  related  to  brain  function,17 it  is  possible  that  individ-
al  differences  in  temperament  and  character  dimensions
re  related  to  changes  in  HRV  and  EEG  parameters  during
B.  Takahashi  et  al.1 have  found  that  changes  in  EEG  and
RV  parameters  during  Su-soku  meditation  are  related  to
he  personality  traits  measured  by  the  TCI.  However,  few
tudies  have  examined  whether  personality  mediates  such
hanges  during  PB.  Therefore,  to  examine  which  frequency
ands  and  regions  among  the  EEG  and  HRV  parameters
re  more  indicative  of  PB  and  to  determine  whether  one’s
ersonality  traits  are  related  to  those  changes  during  PB,
8  meditation-naive  subjects  completed  the  TCI  and  the
hanges  in  their  HRV  and  EEG  parameters  during  PB  were
easured.

ethods

articipants

 total  of  58  meditation-  or  qigong-naive  college  stu-
ents  (36  men,  22  women)  volunteered  for  the  study.  Men
anged  in  age  from  20  to  30  years  (mean  ±  SD  =  24.8  ±  1.8
ears),  and  women  ranged  in  age  from  21  to  30  years
mean  ±  SD  =  24.5  ±  2.0  years).  There  was  no  significant  dif-
erence  in  age  between  genders.  We  excluded  subjects  with
elf-reported  arrhythmia,  hypertension,  ischemic  heart  dis-
ase,  pneumonia,  infections  of  the  upper  respiratory  tract,
r  mental  illness.  The  study  protocol  was  approved  by  the
yung  Hee  University’s  Institutional  Review  Board.  Informed
onsent  was  obtained  from  all  participating  subjects.

sychological  measures

articipants  completed  the  Korean  version  of  the  TCI-revised
hort  version  (TCI-RS)  for  which  reliability  and  validity  were
erified.18 The  TCI-RS  is  composed  of  140  items  that  assess
he  four  temperaments  (NS,  HA,  RD,  and  P)  and  three  char-
cters  (SD,  C,  ST).  This  questionnaire  is  rated  on  a  5-point
ikert  scale  ranging  from  0  (totally  disagree)  to  4  (totally
 utility  of  paced  breathing  as  a  concentration  meditation
1016/j.ctim.2012.07.008

gree).  We  summed  the  score  of  each  subscale  for  the  TCI-RS
o  examine  which  subscales  among  the  seven  subscales  were
ndicative  of  the  percent  changes  in  HRV  and  EEG  parameters
uring  PB.

dx.doi.org/10.1016/j.ctim.2012.07.008
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Clinical  utility  of  paced  breathing  

Physiological  measures

PB  consisted  of  inspiration  and  expiration  periods.  As  per
the  study  by  Strauss-Blasche  et  al.,19 we  set  the  one-cycle
respiration  time  at  6  s,  i.e.,  10  breaths/min.  We  defined  the
inspiratory  duration  as  the  time  between  the  onset  of  inhala-
tion  to  the  completion  of  inhalation  (2.4  s)  and  defined  the
expiratory  duration  as  the  time  between  the  completion
of  one  inhalation  and  the  beginning  of  the  next  inhala-
tion  (3.6  s).  Therefore,  the  expiratory  phase  encompassed
the  inspiratory  and  expiratory  pauses,  as  well  as  the  expi-
ration  time.  During  the  PB  period,  subjects  synchronized
their  breathing  rhythms  according  to  6  s  auditory  signals  pre-
sented  in  stereo  through  personal  computer  speakers.  The
auditory  signal  was  an  electronic  piano  sample  in  which  E
(‘‘mi’’)  corresponded  to  the  inspiration  period  and  C  (‘‘do’’)
corresponded  to  the  expiration  period.

The  experiment  consisted  of  training,  spontaneous
breathing,  and  paced  breathing  sessions.  Participants  were
instructed  not  to  smoke,  exercise  or  consume  caffeinated
beverages  in  the  24-h  period  before  the  experiment.  They
emptied  their  bladders  immediately  before  the  placement
of  the  EEG  electrodes,  ECG,  and  nasal  thermistor.  Each  par-
ticipant  was  seated  in  a  comfortable  recliner  in  a  quiet  room
with  his  or  her  eyes  closed.  The  EEG  collected  data  from  six
electrodes:  left  frontal  (F3),  right  frontal  (F4),  left  tempo-
ral  (T3),  right  temporal  (T4),  left  parietal  (P3),  and  right
parietal  (P4)  regions,  according  to  the  international  10—20
system.

The  ECG  electrode  was  placed  on  V4  of  the  precordial
leads,  sampled  at  a  rate  of  256  Hz  and  notch-filtered  at
60  Hz.  The  nasal  thermistor  was  placed  beneath  one  of  the
nostrils  to  generate  a  respiratory  curve.  All  physiological
measurements  were  recorded  using  the  HSYS-REC-LD  sys-
tem  (Stellate  Systems  Inc.,  Canada).  After  registering  the
EEG  and  ECG  electrodes  and  the  nasal  thermistor,  partici-
pants  were  instructed  on  how  to  synchronize  their  breathing
with  the  auditory  signals  and  were  allowed  to  practice
this  for  15  min.  After  the  training  session,  the  participants
rested  for  10  min  with  the  speakers  turned  off  and  then
engaged  in  successive  spontaneous  breathing  and  paced
breathing  sessions  for  15  min.  For  these  two  sessions,  par-
ticipants  were  asked  to  remain  awake  while  their  eyes  were
closed.  All  data  were  recorded  in  text  format  and  were  then
Please  cite  this  article  in  press  as:  Park  Y-J,  Park  Y-B.  Clinical
practice.  Complement  Ther  Med  (2012),  http://dx.doi.org/10.

exported  to  Complexity  software  (Laxtha  Co.,  Korea).  We
cropped  the  5  min  period  for  EEG  and  ECG-data  correspond-
ing  to  the  most  regular  respiratory  curve  before  calculating
EEG  and  ECG-parameters  during  the  spontaneous  and  paced

T
a
c
H

Table  1  Descriptive  characteristics  of  TCI  subscales.

Scale  Subscale  

TCI

Trait  (score)

Character (score)
 PRESS
3

reathing  sessions.  The  absolute  spectral  power  of  the  EEG
as  calculated  into  the  following  spectral  bands  using  fast
ourier  transformation:  theta  (4.0—7.9  Hz),  low-frequency
lpha  (8—9.9  Hz),  high-frequency  alpha  (10—11.9  Hz),  and
eta  (12—29.9  Hz).  The  spectral  power  of  the  EEG  was
ssessed  separately  in  different  regions.  The  detection  of

 peaks  in  the  ECG  data,  re-sampling  at  4  Hz  using  the  Han-
ing  window,  and  generation  of  RR-interval  tachograms  were
ccomplished  using  Complexity  software.  Based  on  the  5-
in  RR-interval  tachograms,  the  mean  heart  rate  (HR)  and

he  absolute  spectral  power  of  the  ECG  was  calculated  in
ow  frequency  (LF,  0.04—0.15  Hz)  and  high  frequency  (HF,
.15—0.4  Hz)  bands  using  fast  Fourier  transform.  Using  LF
nd  HF,  we  also  calculated  the  low  frequency  to  high  fre-
uency  ratio  (LF/HF).  Finally,  respiration  parameters  during
pontaneous  and  paced  breathing  were  calculated  using
ATLAB  7.1  (MathWorks,  Natick,  MA,  USA).  We  detected
eak-to-peak  intervals  of  the  5-min  respiratory  curve  and
alculated  mean  values  and  standard  deviations  of  respira-
ion  times.  The  respiratory  peak  detection  algorithm  used
n  this  study  was  based  on  the  algorithm  suggested  by
illauer.20

tatistical  analyses

ll  statistical  analyses  were  performed  using  SPSS  15  for
indows  (SPSS,  Chicago,  IL,  USA).  Because  the  distribu-

ions  of  EEG  and  HRV  power  parameters  were  skewed,
ach  parameter  was  log-transformed,  which  provided  a  nor-
al  distribution.  We  used  a  t-test  to  compare  the  effects

f  pacing  for  paired  EEG  and  HRV  samples  in  the  spon-
aneous  and  paced  conditions.  Changes  in  HRV  and  EEG
arameters  during  PB  were  normalized  using  the  follow-
ng  equation:  (parameter  in  paced  breathing/parameter
n  spontaneous  breathing)  × 100%.  Pearson’s  correlations
etween  the  scores  for  the  seven  TCI  subscales  and  the  per-
ent  changes  in  EEG  and  HRV  parameters  during  PB  were
erformed.  In  all  analyses,  the  significance  threshold  was
et  at  P  <  0.05.

esults

he  mean  values  of  the  TCI  subscales  are  listed  in  Table  1.
 utility  of  paced  breathing  as  a  concentration  meditation
1016/j.ctim.2012.07.008

able  2  lists  changes  in  the  theta,  low-  and  high-frequency
lpha,  and  beta  powers  for  the  EEG  from  the  six  regions  and
hanges  in  the  mean  HR,  LF,  and  HF  powers  and  LF/HF  for
RV,  and  respiration  times.  The  respiration  time  during  PB

Mean  ±  SD

Novelty  seeking  36.28  ±  10.44
Harm  avoidance  36.36  ±  11.54
Reward  dependence  44.43  ±  10.96
Persistence  45.78  ±  10.94
Self-directedness  47.69  ±  11.43
Cooperativeness  54.10  ±  9.05
Self-transcendence  31.45  ±  12.63

dx.doi.org/10.1016/j.ctim.2012.07.008
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Table  2  Differences  between  spontaneous  and  paced  breathing  with  regard  to  EEG,  respiration  and  HRV  parameters.

Region Breathing  pattern EEG  parameter

Theta  (ms2)  Low-frequency
alpha  (ms2)

High-frequency
alpha  (ms2)

Beta  (ms2)

Lt.  frontal
Spontaneous  3.51  ±  0.90  2.05  ±  0.70  1.87  ±  0.60  2.31  ±  0.50
Paced 3.27  ±  0.70** 2.27  ±  0.82** 2.12  ±  0.66** 2.34  ±  0.49

Rt. frontal
Spontaneous  3.36  ±  1.04  1.99  ±  0.73  1.78  ±  0.61  2.21  ±  0.54
Paced 3.19  ±  0.69  2.23  ±  0.85** 2.07  ±  0.68** 2.25  ±  0.45

Lt. temporal
Spontaneous  2.74  ±  0.70  1.73  ±  0.77  1.79  ±  0.57  2.63  ±  0.76
Paced 2.61 ± 0.71  1.90 ±  0.87* 2.03  ±  0.63** 2.61  ±  0.63

Rt. temporal
Spontaneous 2.36 ±  0.73  1.25 ±  0.77  1.37 ±  0.60  2.21 ±  0.86
Paced 2.11 ± 0.62** 1.36 ±  0.82  1.51 ±  0.65* 2.14 ±  0.72

Lt. parietal
Spontaneous  3.02  ±  0.69  2.27  ±  0.94  2.39  ±  0.76  2.61  ±  0.64
Paced 2.78  ±  0.49** 2.49  ±  1.02** 2.75  ±  0.86** 2.54  ±  0.50

Rt. parietal
Spontaneous 2.93  ±  0.67  2.18  ±  0.92  2.26  ±  0.78  2.36  ±  0.46
Paced 2.86 ± 0.67  2.51  ±  1.03** 2.75  ±  0.89** 2.48  ±  0.51*

Respiration  time  (s)
Spontaneous  3.86  ±  0.86
Paced 5.98  ±  0.09**

HRV  parameter

Mean  HR  (bpm)  LF  (ms2)  HF  (ms2)  LF/HF  (ratio)

Spontaneous  71.78  ±  10.05  6.16  ±  0.84  5.94  ±  0.67  1.04  ±  0.13
Paced 70.45  ±  8.80  6.10  ±  0.49  6.72  ±  0.69** 0.91  ±  0.08**

Values are means ± standard deviation. Significant differences between spontaneous and paced breathing are in bold.
* P < 0.05.
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** P < 0.01.

as  5.98  s,  and  the  standard  deviation  was  0.09,  indicating
hat  the  subjects’  breathing  corresponded  to  the  acoustic
ignal.  The  mean  HR  and  LF  values  did  not  change,  whereas
F  increased  and  LF/HF  decreased  during  PB,  indicating  that
ur  paradigm  replicated  parasympathetic  activation  during
B.  In  terms  of  EEG  parameters,  theta  band  power  decreased
ocally,  whereas  the  low-  and  high-frequency  alpha  band
ower  increased  globally  during  PB.  Beta  band  power  did
ot  change  during  PB,  except  for  that  of  P4.

Table  3  lists  correlation  coefficients  between  scores  for
he  seven  TCI  subscales  and  percent  changes  in  the  power  for
EG  and  HRV  parameters  between  spontaneous  and  paced
reathing  sessions.  NS  was  inversely  correlated  with  pow-
rs  for  theta  (P3),  low-frequency  alpha  (P3),  high-frequency
lpha  (F3,  F4,  T4,  P3,  and  P4),  and  beta  bands  (T4,  P3,
nd  P4).  HA  was  positively  correlated  with  powers  for  low-
requency  alpha  (P3),  high-frequency  alpha  (F3  and  F4),  and
eta  bands  (P3).  P  was  inversely  correlated  with  powers  for
heta  (P3  and  P4),  low-frequency  alpha  (P3  and  P4),  high-
requency  alpha  (F3  and  F4),  and  beta  bands  (P3  and  P4).
D  was  inversely  correlated  with  powers  for  low-frequency
lpha  (P3)  and  high-frequency  alpha  bands  (P3).  ST  was
nversely  correlated  with  powers  for  high-frequency  alpha
T3  and  P3)  and  beta  bands  (T3,  T4,  P3,  and  P4).  These
Please  cite  this  article  in  press  as:  Park  Y-J,  Park  Y-B.  Clinical
practice.  Complement  Ther  Med  (2012),  http://dx.doi.org/10.

esults  indicate  that,  during  PB,  the  increase  in  alpha  power
as  more  prominent  in  participants  high  in  HA,  whereas

he  increase  in  alpha  power  was  inhibited  in  participants
igh  in  NS,  P,  SD,  and  ST.  In  terms  of  TCI  subscales  and

a
o
n
r

ercent  change  in  HRV  parameters,  C  was  inversely  corre-
ated  with  HF,  and  ST  was  inversely  correlated  with  LF  and
F.  These  results  suggest  that,  during  PB,  parasympathetic
ctivation  was  inhibited  in  the  participants  high  in  C  and  ST,
nd  the  overall  autonomic  changes  during  PB  were  inhibited
n  participants  high  in  ST.  The  effects  of  personality  traits
n  autonomic  changes  during  PB  were  less  prominent  than
hose  on  neurophysiological  changes  during  PB.

iscussion

n  our  study,  we  found  that  PB  resulted  in  global
ncreases  in  low-  and  high-frequency  alpha  power  and
ocal  decreases  in  theta  power.  These  global  changes  in
lpha  band  power  are  consistent  with  the  results  from
ušek’s  study.5 Low-frequency  alpha  power  reflects  internal
ttention  or  non-task-related  cognitive  processes,  whereas
igh-frequency  alpha  power  reflects  external  attention  or
ask-related  processes.1,21 Theta  power  frequently  indi-
ates  drowsiness,  states  of  low-level  alertness,  mental
alculation,  working  memory,  and  an  advanced  meditation-
tate.22,23 It  is  generally  accepted  that,  during  meditation,
here  is  a  shift  to  a  higher  power  in  frequencies  of  slower
 utility  of  paced  breathing  as  a  concentration  meditation
1016/j.ctim.2012.07.008

lpha  and  theta,  particularly  in  the  frontal  area.1,24 Thus,
ur  findings  suggest  that  PB  results  in  an  increase  in  inter-
al  attention,  a  marker  of  a  successful  meditation,  yet  also
esults  in  an  increase  in  external  attention,  which  inhibits

dx.doi.org/10.1016/j.ctim.2012.07.008
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Table  3  Correlations  between  TCI  subscales  and  percent  changes  in  HRV  and  EEG  parameters.

Scale Percent  change  in  the  subscale TCI

Temperament  (score) Character  (score)

Novelty  seeking Harm  avoidance Reward  dependence Persistence Self-directedness Cooperativeness Self-transcendence

HRV

Mean  HR  (%) 0.091  −0.096  0.101  −0.063  0.136  0.072  0.165
LF (%) −0.112  0.014  −0.247  −0.091  −0.158  −0.252  −0.299*

HF  (%) −0.204  0.084  −0.208  −0.136  −0.036  −0.369** −0.277*

LF/HF  (%) 0.006  −0.069  −0.102  0.018  −0.128  0.024  −0.150

EEG

Theta (%)
Lt.  frontal −0.001  −0.022  0.024  −0.144  −0.001  −0.034  0.031
Rt. frontal 0.242  −0.199  0.071  0.000  0.069  −0.078  0.108
Lt. temporal −0.107  −0.089  0.196  0.030  0.059  0.018  −0.231
Rt. temporal −0.058  −0.085  0.198  −0.076  −0.030  −0.084  −0.172
Lt. parietal −0.276* 0.252  −0.001  −0.349** −0.247  −0.023  −0.208
Rt. parietal −0.067  0.093  0.141  −0.315* −0.132  −0.035  −0.075
Low-frequency alpha  (%)
Lt.  frontal −0.147  0.190  0.012  −0.245  −0.107  0.120  −0.003
Rt. frontal −0.119  0.186  0.026  −0.253  −0.106  0.111  0.024
Lt. temporal −0.114  −0.021  0.106  0.028  0.029  0.080  −0.149
Rt. temporal −0.115  0.172  −0.018  −0.043  −0.083  −0.004  −0.078
Lt. parietal −0.299* 0.298* −0.048  −0.300* −0.267* 0.113  −0.214
Rt. parietal −0.243  0.216  0.011  −0.338* −0.161  0.059  −0.096
High-frequency  alpha  (%)
Lt. frontal −0.280* 0.312* −0.214  −0.278* −0.230  −0.140  −0.147
Rt. frontal −0.284* 0.298* −0.176  −0.271* −0.234  −0.111  −0.120
Lt. temporal −0.219  −0.018  0.071  −0.006  0.039  0.025  −0.286*

Rt.  temporal −0.261* 0.135  0.088  −0.093  −0.057  −0.017  −0.248
Lt. parietal −0.397** 0.249  −0.106  −0.224  −0.267* 0.066  −0.356**

Rt.  parietal −0.282* 0.233  −0.082  −0.250  −0.254  0.036  −0.162
Beta (%)
Lt.  frontal −0.134  0.156  −0.005  −0.126  −0.138  −0.124  −0.232
Rt. frontal −0.118  0.161  0.044  −0.139  -0.124  −0.106  −0.230
Lt. temporal −0.087  −0.050  0.085  −0.013  0.073  −0.047  −0.267*

Rt.  temporal −0.292* 0.037  0.116  −0.159  0.049  −0.058  −0.381**

Lt.  parietal −0.403** 0.294* −0.069  −0.317* −0.213  −0.016  −0.377**

Rt.  parietal −0.265* 0.205  0.073  −0.351** −0.130  −0.065  −0.262*

Significant correlations are in bold.
* P < 0.05.

** P < 0.01.

dx.doi.org/10.1016/j.ctim.2012.07.008
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dvanced  meditation.3 Our  findings  also  suggest  that  PB
s  suitable  for  meditation-novices  because  it  resulted  in
ocal  decreases  in  theta  power,  a  marker  of  an  advanced
editative  state.22,23 In  terms  of  HRV  parameters,  HF

ncreased,  whereas  LF  did  not  change  during  PB.  HF  is
 parasympathetic  marker  and  LF  is  dually  influenced  by
oth  sympathetic  and  parasympathetic  activities.25 There-
ore,  it  is  possible  that  sympathetic  activity  together  with
arasympathetic  activity  increased  during  PB.  This  sym-
athetic  activation  is  consistent  with  the  increase  in  the
igh-frequency  alpha  power  of  the  EEG.

Of  the  personality  traits  that  we  assessed,  only  HA  was
ositively  correlated  with  percent  changes  in  low-  and  high-
requency  alpha  power  during  PB.  It  has  been  theorized
hat  HA  reflects  a  heritable  tendency  to  avoid  punishment,
on-rewards,  and  novelty.16 HA  is  known  to  be  positively
orrelated  with  mood  and  anxiety  in  normal  volunteers,  as
ell  as  in  patients  with  anxious  personality  disorders.26,27

hus,  this  finding  suggests  that  individuals  high  in  HA  can
ffectively  perform  concentration  meditation  practice.

NS  was  inversely  correlated  with  percent  changes  in
heta,  low-  and  high-frequency  alpha,  and  beta  band  pow-
rs,  suggesting  that  participants  high  in  NS  performed  PB
ess  effectively.  Individuals  high  in  NS  tend  to  be  excitable,
xploratory,  curious,  and  easily  bored,  whereas  those  low
n  NS  are  typically  slow-tempered,  unemotional,  and  toler-
nt  of  monotony.26,27 These  results  suggest  that,  in  clinical
ases,  PB  would  be  beneficial  for  concentration  meditation
n  individuals  with  a  low  NS  score.

Individuals  low  in  P  manifest  low  levels  of  perseverance
nd  repetitive  behaviors,  even  in  response  to  intermittent
eward,  and  individuals  low  in  ST  tend  to  be  proud,  unimagi-
ative,  and  unable  to  tolerate  ambiguity.28,29 It  appears  that
he  repetitive  acoustic  signal  may  have  been  monotonous  for
he  more  creative  participants,  whereas  participants  who
end  to  be  unimaginative  may  have  been  able  to  perform  PB
ore  effectively.  It  is  also  of  note  that  NS,  P  and  ST  were

nversely  correlated  not  only  with  low-  and  high-frequency
lpha  powers,  but  also  with  beta  power.  There  is  some  evi-
ence  suggesting  that  activity  in  the  beta  band  is  associated
ith  increased  alertness  and  cognitive  processes.30 Thus,  it

s  likely  that  participants  low  in  NS,  P  and  ST  were  not  only
n  an  aware  state,  but  also  in  an  alert  state.

HRV  parameters  were  also  related  to  personality  traits.
articipants  low  in  C  and  ST  showed  a  higher  increase  in
F,  suggesting  that  they  performed  PB  more  effectively.

ndividuals  low  in  ST  tend  to  be  proud,  unimaginative,  and
ntolerant  of  ambiguity,  and  those  low  in  C  tend  to  be
elf-absorbed.28,29 More  unimaginative  or  self-absorbed  par-
icipants  may  more  effectively  perform  PB  because  it  is  a
oncrete  and  simple  practice  that  does  not  require  skill.
nlike  prior  studies,1 we  did  not  find  any  significant  rela-
ionship  between  NS  and  LF,  indicating  that  the  effects  of
ersonality  traits  on  autonomic  changes  during  PB  were  less
rominent  than  those  of  personality  traits  on  neurophysio-
ogical  changes  during  PB.

Although  our  study  makes  novel  contributions  to  the
tudy  of  meditation,  several  limitations  should  be  noted.
irst,  we  did  not  use  a  structured  psychiatric  interview
Please  cite  this  article  in  press  as:  Park  Y-J,  Park  Y-B.  Clinical
practice.  Complement  Ther  Med  (2012),  http://dx.doi.org/10.

n  our  assessment,  and  therefore  we  cannot  completely
xclude  the  possibility  that  some  subjects  may  have  had  clin-
cal  depression  or  an  anxiety  disorder,  which  are  known  to
 PRESS
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nfluence  the  scores  of  temperament  dimensions  such  as  HA
nd  SD.31 Second,  our  study  protocol  was  limited  to  a  sin-
le  respiratory  frequency,  and  we  could  not  evaluate  the
ffect  of  different  respiratory  frequencies  on  EEG  and  HRV
arameters  during  PB.  Although  one  study  has  reported  that
ifferences  in  changes  in  EEG  parameters  between  normal
espiration  frequency  and  low  respiration  frequency  are  not
rominent,5 it  is  a  challenge  to  examine  the  effect  of  respi-
ation  frequency  on  EEG  and  HRV  parameters  during  PB.

onclusions

utonomic  and  neurophysiological  changes  during  PB  result
rom  an  increase  in  parasympathetic  activity  directly  related
o  an  increase  in  RSA  and  personality  traits  related  to  HA,
S,  P,  ST.  Our  study  suggests  that  personality  traits  medi-
te  neurophysiological  changes  more  prominently  during  PB
han  do  autonomic  changes.  In  contrast  to  other  medita-
ive  practices,  PB  has  several  advantages  as  a  concentration
editation  practice.  The  methodology  of  PB  is  direct  and

imple  and  a  novice  can  perform  it  without  any  difficulty.
n  meditation-naive  adults,  PB  resulted  in  an  increase  in
ow-alpha  band  powers  of  the  EEG,  which  is  a  hallmark
f  successful  meditation.  PB  also  resulted  in  an  increase
n  high-alpha  band  powers  and  a  decrease  in  theta  pow-
rs.  These  results  indicate  that  PB  maintains  alertness  and
xternal  awareness  in  meditative  practitioners,  which  hin-
ers  them  from  entering  advanced  meditative  states.  Thus,
ndividual  differences  such  as  personality  traits  should  be
onsidered  when  PB  is  offered  for  clinical  or  experimental
urposes.
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