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Abstract

Objective: Despite the growing interest in the neurobiological and clinical correlates of many meditative prac-
tices, in particular mindfulness meditations, no review has specifically focused on current evidence on elec-
troencephalographic, neuroimaging, biological, and clinical evidence about an important traditional practice,
Zen meditation.
Methods: A literature search was conducted using MEDLINE, the ISI Web of Knowledge, the Cochrane col-
laboration database, and references of selected articles. Randomized controlled and cross-sectional studies with
controls published in English prior to May 2008 were included.
Results: Electroencephalographic studies on Zen meditation found increased alpha and theta activity, generally
related to relaxation, in many brain regions, including the frontal cortex. Theta activity in particular seemed to be
related to the degree of experience, being greater in expert practitioners and advanced masters. Moreover, Zen
meditation practice could protect from cognitive decline usually associated with age and enhance antioxidant
activity. From a clinical point of view, Zen meditation was found to reduce stress and blood pressure, and be
efficacious for a variety of conditions, as suggested by positive findings in therapists and musicians.
Conclusion: To date, actual evidence about Zen meditation is scarce and highlights the necessity of further
investigations. Comparison with further active treatments, explanation of possible mechanisms of action, and
the limitations of current evidence are discussed.

Introduction

In recent years growing attention has been given to the
role of spirituality in mental and physical health.1,2 Among

different spiritual practices, one of the main foci of the present
investigation was the field of meditation;3–5 in particular, a
subgroup of meditation practices called mindfulness medita-
tions.6–8 This type of meditation comprehends many different
practices, unified by the concept of paying total attention to the
present moment with a nonjudgmental awareness of inner and
outer experiences.9 Mindfulness has been suggested to be one
of the two main poles of meditation in contrast to the con-
centrative forms of meditation,10 even though many mind-
fulness protocols themselves suggest the practice of some
concentrative techniques before reaching the mindfulness
state,11,12 and many authors agree in describing meditative
practices as a continuum between these two poles.5

Despite the growing interest in mindfulness meditations,
however, current research is focused on new clinically ori-
ented practices, including mindfulness-based stress reduc-
tion6 and mindfulness-based cognitive therapy.13 Less
attention has been given to one of the main traditional
mindfulness forms of meditation: Zen meditation. Histori-
cally, Zen meditation is one of the main Buddhist meditations
belonging to the pole of mindfulness meditation, first intro-
duced in China by the Buddhist monk Bodhidarma, and
called Chan, and then in Japan where it was called the well-
known name of Zen.14,15

Zen meditation comprehends various types of practices
whose difficulty levels usually grow with the meditator’s ex-
perience. A complete description of these practices is beyond
the scope of the present review.14,16 Although specific differ-
ences can occur among different Zen sects, the first meditation
often practiced by novice meditators is Su-soku, a meditation
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more similar to concentrative meditations where the practi-
tioners count their breaths so as to focus their attention. With
ongoing practice, counting is omitted and the meditators re-
main simply aware of the present experience: this practice is
called Shikantaza and is considered the most advanced form of
Zen meditation.16 It is important to underline, however, that at
least in one of the major Zen sects, the Soto school, the pre-
scribed meditation practice of Shikantaza (or Za-zen or simply
sitting) is exactly the same for novices and monks with de-
cades of practice.

Even though many papers are currently available on the
physical and psychological effect deriving from several
meditations, to date no review has specifically investigated
Zen meditation. Thus, the aim of the present work is to
evaluate the electroencephalographic, neuroimaging, biolog-
ical, and clinical evidence of the effects of Zen meditation.

Methods

Literature search

A literature search was conducted using MEDLINE, the
ISI Web of Knowledge, the Cochrane database, and the ref-
erences of retrieved articles. The search included articles and
congress abstracts indexed in the above mentioned web-
based electronic bibliographic databases, published before
May 2008. The search strategy considered only studies
published in English. The search terms were: Zen meditation,
Za-zen, neuroimaging, electroencephalography, mental dis-
orders, physical disorders, and healthy subjects in various
combinations of the above.

Selection of trials

Studies and congress abstracts indexed or mentioned in
identified reviews which focused on the relationship between
Zen meditation practice and neurobiological or clinical out-
comes in patients with mental and physical disorders as well
as in healthy people were screened by one reviewer to be

considered for inclusion (Fig. 1). Included studies had to: 1) be
randomized controlled, controlled, or cross sectional studies
with controls; 2) include both active and inactive compara-
tors; 3) provide quantitative data supported by statistical
methodology; and 4) focus on electroencephalographic, neu-
roimaging, or biological data or, alternatively, on clinical data
in healthy subjects or in clinical samples. Reasons for exclu-
sion were: 1) qualitative reports; 2) absence of a control group;
3) statistical methodology not reported; 4) articles focusing on
types of meditation other than Zen meditation, and 5) reviews
and meta-analyses. A formal quality assessment of the studies
was not conducted; implications of this limitation will be
considered in the discussion section.

Outcome measures

The main outcome measures were: 1) differences between
electroencephalographic patterns in Zen meditators and
controls; 2) differences between neuroimaging patterns in
Zen meditators and controls; 3) differences between biolog-
ical measures in Zen meditators and controls; 4) differences
between clinical outcomes (positive emotions and blood
pressure levels) in Zen meditators and controls; and 5) dif-
ferences between further miscellaneous findings in Zen
meditators and controls.

Data extraction and synthesis

The data were extracted by a single reviewer using a
comprehensive and pretested data extraction form.3 Studies
were grouped together according to the type of investigated
outcomes: neurobiological studies, clinical studies, and mis-
cellaneous findings. On the basis of the investigated out-
comes, neurobiological studies were further divided into:
electroencephalographic (EEG) studies, neuroimaging stud-
ies, and biological studies. Clinical studies were further di-
vided in physical disorders and healthy subjects. Findings
that did not fit into previous outcomes were grouped as
miscellaneous findings.

Articles not directly investigating 

neurobiological or clinical outcomes in short or 

long term Zen meditators: N = 81 

Total number of citations retrieved from literature 

searches: N = 104 

Reasons for exclusion: 

- No control group: N = 8 

- No statistical analysis: N = 5 

Articles excluded: N = 13 Articles included: N = 10 

Articles retrieved and evaluated in full for 

inclusion: N = 23 

FIG. 1. Flow diagram of the review process.
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Results

Search results

The original search retrieved 104 papers, of which 81 were
excluded because their primary focus was not the investi-
gation of neurobiological or clinical outcomes in short- or
long-term Zen meditators (Table 1). After the first screening,
23 papers remained. After the inclusion and exclusion crite-
ria were applied, 10 studies remained in the present review:
6 crossover,17–22 1 controlled,23 and 3 randomized controlled
studies (Table 2).24–26

Characteristics of included studies

A first division was performed between neurobiological
studies (5 studies),17–21 clinical studies (3 studies),22–24 and
miscellaneous findings (2 studies).25,26 On the basis of the in-
vestigated outcomes, the first group of studies was further
divided into: electro-encephalographic (EEG) studies (3 stud-
ies),17–19 a neuroimaging study,20 and a biological study.21 The
second group of studies was further divided in physical dis-
orders (2 studies on subjects with hypertension)23,24 and a
study of healthy subjects.22 Findings that did not fit with
previous outcomes were grouped as miscellaneous find-
ings.25,26 Because of the scarcity of data and the differences of
investigated outcomes and study designs, data were reported
in narrative form.

Neurobiological evidence

Electroencephalographic studies. The first historical EEG
study on Zen meditation was performed on meditators with
different degrees of experience and controls, in eyes open and
meditation conditions.17 The authors observed decreased al-
pha frequency, frontal alpha activity, and theta bursts, the last
correlated with the level of experience, as well as nonhabitu-
ating alpha blocking in meditators compared to controls,
suggesting a state of being present but relaxed moment by
moment in Zen meditation practitioners. Unfortunately, the

poor methodological quality of this study, only partially
supported by statistic analysis, limits the generalizability of
these findings. A following study18 investigating habituation
to a click sound produced every 15 seconds comparing sub-
jects practicing Zen meditation, Transcendental Meditation,
or Yoga to two control groups did not detect any difference in
alpha blocking. In this study each group was informed that
they would hear a series of clicks presented every 15 seconds
during the testing session. The meditators were instructed to
continue meditating as normal, whereas the control groups
were asked to either strongly attend to each click by counting
them or to ignore the clicks. In this study, all groups habitu-
ated to the auditory stimulus at the same rate, that is, medi-
tation was not found to have an effect on alpha blocking.

Finally, a more recent study19 comparing 20 monks (10
with extensive experience, 10 with moderate experience) to
10 controls prior to and during Zen meditation found that
slow alpha appeared in all groups but that theta activity only
appeared in the experienced group, affecting the frontal re-
gion, with the likelihood of it occurring increasing pro-
portionally to the level of experience, hence supporting the
previous findings of Kasamatsu and Hirai.17

Neuroimaging studies. To date only one study has in-
vestigated the effect of long-term Zen meditation in healthy
subjects.20 This study showed that, while control subjects
matched for sex, age, and educational level displayed the
expected negative correlation of both gray matter volume and
attentional performance with age, meditators did not show a
significant correlation of either measure with age. The stron-
gest difference between the two groups was found in the
putamen volume, a structure strongly implicated in atten-
tional processing. The authors proposed that Zen meditation
could have a protective effect against physiological cognitive
decline, and could be useful for illnesses such as attention
deficit disorders although, given the cross sectional design of
the study, further investigations are warranted.

Biological studies. A study investigating a possible dif-
ference in the activity of serum nitric oxide, the predominant
anti-atherosclerotic principle in the vascular wall, in Zen
meditators and matched controls, found a significantly higher
level of serum nitrate and nitrite concentration and a signifi-
cant reduced level of serum malondialdehyde in meditators
compared to a control group.21 The authors reported that, in
accord with previous studies that found that oxidative stress
could contribute to the pathophysiology of atherosclerosis
and chronic heart disease, their results suggested that Zen
meditation, by reducing stress, could prevent stress-related
disease such as heart attacks, although the absence of pre-test
meditation values in both controls and meditators do not al-
low them to reach definitive conclusions.

Clinical studies

Healthy subjects. A single study comparing 59 long-term
Zen meditators to 24 college students spending 60 minutes
silently reading popular magazines used as controls found
that, after the practice, meditators experienced higher relaxa-
tion, mental quietness, and sensation of timeless=boundless=
infinity than controls, as well as greater increments in the
following relaxation states: mental quiet, love and thank-
fulness, prayerfulness, and reduced worry.22 However, the

Table 1. Excluded Studies and Reasons for Exclusion

Study Reason for exclusion

Electroencephalogram studies
Hardt (1994)28 No control group
Murata et al. (2004)29 No control group
Kubota et al. (2001)30 No control group
Lo et al. (2003)31 No statistical analysis
Faber et al. (2004)32 No statistical analysis;

case report
Coromaldi and Stadler (2004)33 No statistical analysis;

case report
Takahashi et al. (2005)34 No control group
Coromaldi et al. (2006)35 No statistical analysis,

case report
Neuroimaging studies (fMRI)

Ritskes et al. (2003)36 No control group
Baerensten et al. (2001)37 No control group

Biological study
Moon et al. (2005)38 No statistical analysis

Clinical studies
Lehrer et al. (1999)39 No control group
Cysarz and Bussing (2005)40 No control group
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Table 2. Characteristics of Included Studies

Study (year) Subjects Experimental design Main findings Main strengths and limitations

Neurobiological studies
Electroencephalogram studies
Kasamatsu (1966)17 70: 48 meditators with

different degree of
experience, 22
controls in Japan

Cross-sectional study: ZM with
different degrees of experience
vs. controls: EEG during
eyes-open rest or meditation
condition

Increased alpha activity, decreased
alpha frequency, frontal alpha
activity and theta bursts
correlated with the level of
experience and nonhabituating
alpha blocking in meditators

Strength: Inclusion of meditators
with different degrees
of experience

Limitation: Not all results supported
by statistical methodology but
largely thorough case illustrations

Becker (1981)18 50: 10 for each included
category in North
America

Cross-sectional study: TM, ZM,
Yoga vs. two control groups

No effect of meditation was detected
on alpha blocking

Strenght: Inclusion of an active
control group and two controls

Limitation: Absence of sufficiently
trained meditators

Murata (1994)19 30: 20 meditators,
10 controls in Japan

Cross-sectional study: Novice
vs. expert ZM vs. controls

Increased frontal alpha coherence in
all meditation groups; frontal
theta activity correlated with the
degree of experience in expert
meditators only

Strength: Inclusion of meditators
with different degrees
of experience

Limitation: Lack of investigation
of many psychological conditions
which could interfere with
the results

Neuroimaging studies
Pagnoni (2007)20 26: 13 expert Zen

meditators, 13
matched controls
in North America

Cross-sectional study:
ZM vs. non-meditators

Control subjects displayed the
expected negative correlation
of both gray matter volume and
attentional performance with age;
meditators did not show a
significant correlation of either
measure with age. The effect was
most prominent in the putamen

Strength: Controls matched for sex
and age; inclusion of only expert
meditators in order to detect
stronger differences

Limitation: Possible influence
of constant mental activity
enhancing putamen and cortical
volume in meditators not assessed
in the study

Biological study
Kim (2005)21 40: 20 meditators,

20 controls in Korea
Cross-sectional study:

ZM vs. controls
Higher level of serum nitrateþnitrite

concentration and a significant
reduced levelof serum malondial-
dehyde in meditators

Strength: Control for dietary factors
Limitation: Absence of pre-test

values



Clinical studies
Healthy subjects
Gillani (2001)22 83: 59 expert meditators,

24 controls (predomi-
nantly North
Americans)

Cross-sectional study:
ZM vs. controls

After the practice, meditators
experienced higher relaxation,
mental quietness, and sensation
of timeless=boundless=infinity

Strength: Comparison of many
measures of positive and negative
emotions

Limitation: Possible bias due to the
absence of sample characteristics

Physical disorders (cardiovascular system)
Stone (1976)23 19: 15 meditators,

5 controls in North
America

Controlled study: patients suffering
from hypertension assigned for
6 months to ZM vs. blood
pressure checks

Those practicing ZM showed
significantly higher decreases
in blood pressure

Limitations: Small sample, absence of
randomization, unclear allocation
concealment

Yen (1996)24 231: 120 meditators, 111
controls in China

Randomized controlled study:
patients suffering from hyperten-
sion randomly assigned to
2 months of ZM plus PMR
vs. blood pressure checks

Those practicing ZMþPMR showed
significantly higher decreases
in blood pressure

Strength: Randomization between
two groups

Limitation: Unclear allocation
concealment

Miscellaneous findings
Grepmair (2007)25 18: 9 therapists practic-

ing ZM vs. 9
non-practitioner
therapists in
Germany

Randomized controlled study:
patients assigned to therapists
practicing ZM vs. therapists
not practicing ZM

Significantly higher evaluations for
individual therapy on clarification
and problem-solving perspectives
and significantly higher evalua-
tions for the entire therapeutic
result for patients followed
by therapists practicing ZM

Strength: Randomized assignment
of patients

Limitation: Psychotherapists
underwent Zen training of only
relatively short duration; Zen
training here was not tested
against a placebo intervention.

Lin (2008)26 19, division not
specified, in North
America

Randomized controlled study:
Musicians randomly assigned
to ZM or to control condition

No significant improvement on
musical performance quality
in meditators. A significant
decrease in performance quality
with increases in performance
anxiety in the control group
but the meditation group
demonstrated a positive linear
relation between performance
quality and performance anxiety.

Strength: Randomized assignment
of musicians

Limitations: Small sample, partici-
pants were self-selected and
therefore are not necessarily
representative of the general
population of musicians

ZM, Zen meditation; TM, Transcendental Meditation; PMR, progressive muscle relaxation.



authors did not reported initial sample characteristics, thus
introducing a potential bias that underlines the necessity of
further investigation in this area.

Physical disorders. Two controlled studies investigated
the effects of six months of Zen meditation practice, and two
months of Zen meditation plus progressive muscle relaxa-
tion, respectively, versus blood pressure checks in patients
suffering from hypertension.23,24 A recent systematic meta-
analysis reviewed these studies.3 The results of the meta-
analysis indicated a significant increase in diastolic blood
pressure and a non-significant decrease in systolic blood
pressure in meditators.

Miscellaneous studies

After an early report27 emphasized the therapist’s well-
integrated and mature personality as the crucial element for
being a good psychotherapist and suggested the utility of Zen
meditation for this purpose, Grepmair et al.25 investigated
whether Zen meditation could be useful for therapists. They
randomized 124 inpatients to 9 therapists practicing Zen
meditation or to 9 non-meditator therapists. The results
showed that patients of meditator therapists compared to
patients treated by non-meditators had significantly higher
evaluations for individual therapy, clarification, and problem-
solving perspectives and showed greater symptom reduc-
tion on different scales, including somatization, insecurity
in social contact, obsessiveness, anxiety, anger=hostility,
phobic anxiety, paranoid thinking and psychoticism, sug-
gesting a significant advance for therapists who practiced Zen
meditation.

A randomized investigation focusing on the impact of Zen
meditation on musical performance anxiety and quality found
that, while the control group demonstrated a significant de-
crease in performance quality with increases in performance
anxiety over time, the meditation group demonstrated a pos-
itive linear relationship between performance quality and
performance anxiety, suggesting that enhanced concentration
and mindfulness, cultivated by Zen practice, might enable the
subjects to channel performance anxiety to improve musical
performance.26 Although these study surely need replication,
it is important to underline that they open a new field of re-
search and further confirmation as well as extension of these
preliminary results to further categories of workers are needed
in order to better establish for whom and how Zen meditation
could be useful.

Discussion

The aim of the present work was to review current evi-
dence on electroencephalographic, neuroimaging, and bio-
logical data as well as clinical application or miscellaneous
findings on Zen meditation. EEG studies on Zen meditation
detected a-wave activity across the frontal lobe. Although
some authors interpreted these findings as the neural corre-
late of psychological harmony, in which consciousness is
characterized by an heightened sense of awareness but
without content, according to others, it simply represents
baseline cortical activity or metabolic depression.5,41 Find-
ings in other mindfulness meditations or concentrative and
yogic meditations found consistent a-activity as well,5 sug-

gesting that it may not be a distinguishing feature of Zen
meditation, but rather a feature more generally associated
with meditation. Moreover, meditation experience could be
related to greater frontal theta activation, leading to the hy-
pothesis that greater experience could be related to higher
ability of self-inducing deep relaxation. Interestingly, case
reports focusing on advanced Zen masters consistently
found theta activity during their meditative practice.32,33,35

although the absence of statistical analysis suggests consid-
ering these findings with caution. Similar findings were ob-
tained for further meditations as well,5 suggesting that it
could be a general marker of proficiency in practice but
highlighting the necessity for further investigations to better
establish whether the appearance of theta waves in different
areas could represent a specific marker for different medi-
tative practices or not. Finally, available evidence on the ef-
fects of Zen meditation on alpha-blocking is contradictory
and needs further investigation.

The only long term fMRI study showed that Zen medi-
tation was positively associated with gray brain matter vol-
ume, in accord with findings on Vipassana meditation,
another Buddhist mindfulness meditation, which showed
that cerebral cortex was thicker in meditators compared to
controls.42 Future research should investigate larger samples
in order to investigate possible efficacy of these meditative
practices for the prevention of physiological cognitive de-
cline associated with age or for their potential usefulness in
illnesses such as attention deficit disorders.

Few studies focused on potentially clinical uses of Zen
meditation. Sparse evidence showed possible utility for the
reduction of stress and blood pressure and for helping pro-
fessionals such as psychotherapists and musicians. More
research is needed in order to replicate these findings and to
better establish the potential clinical uses of Zen meditation.
This is particularly true if we consider the growing evidence
of the benefits for health related to other mindfulness med-
itation practices, including mindfulness-based stress reduc-
tion and mindfulness-based cognitive therapy.6–8,13

The scarcity of findings do not allow us to reach a com-
plete understanding of Zen meditation and its potential, es-
pecially given the absence of a validated scientific model of
this practice. An initial problem is represented by the scarcity
of proposed mechanisms of action through which Zen
meditation might improve health. Recently, many hypothe-
ses, including both psychological and biological mecha-
nisms, have been proposed to explain how mindfulness
meditations in general improve health, and future studies
should test these specifically for Zen meditation as well.
Paying attention in a particular way, paying attention to the
present moment, and paying attention nonjudgmentally, are
all factors the may contribute to reperceiving reality in a
more flexible and adaptive way through a reduction of ru-
minative and dichotomous thinking.43 On the other hand,
biological mechanisms include activation of cerebral areas
related to positive emotions,44 reduction in cortisol levels,45

release of beta endorphins,45 and enhancement of parasym-
pathetic activity.34 Recent studies investigating the relation-
ship between the construct of ‘‘mindfulness’’ and clinical
outcomes46–49 found that mindfulness-based stress reduction
interventions increased levels of mindfulness and that these
increases were related to improvements in clinical outcomes.
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A second important field for future investigation is the
relationship between ‘‘doses’’ of meditation—between time
of daily practice and years of practice—and outcome. As
EEG studies suggest possible changes in EEG patterns from
novel to expert meditators, clinical outcomes could be related
to the length of practice, as well. Future research should also
investigate the differences between early Zen meditation
practice such as Su-soku and advanced practice such as as
Shikantaza by directly comparing expert practitioners able to
meditate in both situations, through EEG and fMRI, and
compare Zen meditation directly with other types of medi-
tation. Finally, future investigation through more rigorous
controlled studies on larger samples is needed to better
clarify some contrasting findings regarding the presence or
absence of alpha blocking during Zen meditation.

The limitations of this review include the decision to re-
strict the search to articles published in English: a number of
Asian journals that could contain important results about
Zen meditation practices have not been indexed. A second
limitation is that the literature review was conducted by a
single author, thus introducing a potential selection bias.
A third limitation is the absence of a quality assessment of
the included studies, which reduces the significance of the
review findings. Finally, the inclusion of different study de-
signs may introduce possible confounding factors, such as
the absence of randomization, or cross-sectional studies car-
ried out at one time point and giving no indication of the
sequence of events.

In conclusion, actual evidence on Zen meditation is scarce
and does not allow us to reach definitive conclusions. There
is some evidence that Zen meditation practice is related to
EEG alpha activity and theta activity (especially in more
expert practitioners); that long-term Zen meditation might
protect against cognitive decline; and that Zen meditation
could be useful for reducing stress and blood pressure. What
is needed is a model, a better understanding of mechanisms
of action, and better designed and larger studies.
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