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SUMMARY
The term meditation can be used in many different ways, according to the technique to which it refers. Transcendental Meditation 
(MT) is one of these techniques. TM could serve as a model for research on spiritual meditation, unlike the meditation techniques 
based on secular knowledge. The purpose of the present study is to conduct a bibliographic review to organize scientific evidence on 
the effects of TM on neurophysiology, neurochemistry, and cognitive and behavioral aspects of its practitioners. To conduct this critical 
narrative review of the literature, we searched for scientific papers on the PubMed database of the National Center for Biotechnology 
Information. The keywords used in the search were Transcendental Meditation, Neuroscience of meditation e Meditation and behavior. 
We selected 21 papers that analyzed different aspects that could be altered through meditation practice. We concluded that TM has 
positive and significant documentable neurochemical, neurophysiological, and cognitive-behavioral effects. Among the main effects 
are the reduction of anxiety and stress (due to the reduction of cortisol and norepinephrine levels), increase of the feeling of pleasure 
and well-being (due to the increase of the synthesis and release of dopamine and serotonin), and influence on memory recall and 
possible consolidation. Further studies are needed using creative and innovative methodological designs that analyze different neural 
circuitry and verify the clinical impact on practitioners.
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INTRODUCTION

The term meditation can be used in various ways, 
according to the technique to which it refers. Accord-
ing to Johnson1, meditation can be defined as: “The 
wide range of activities that seek to expand and em-
phasize the mind’s reach and its possible function-
ing, achieved mostly by methods of  sensory-mo-

tor discipline, such as remaining seated in silence, 
relaxing, closing one’s eyes, breathing consciously 
and adopting an object of consciousness [...] it is first 
and foremost a technique, a way of developing con-
sciousness.” Transcendental Meditation (TM) is one 
of these meditation techniques, like those associated 
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universe, a notion that relates to the concept of tran-
scendence. In this context, TM can be regarded as 
a model for research on spiritual meditation, unlike 
meditation techniques based on a secular under-
standing8.

In a meta-analysis that examined meditation 
techniques, beneficial effects were found more con-
sistently after the use of TM, which is a practice spir-
itually substantiated, than in individuals who used 
techniques of secular meditation or relaxation10.

The range of positive effects reported after the 
practice of TM is wide and include reduction of anx-
iety11, increase of self-accomplishment12, increased 
creativity and concentration13, increased in autonom-
ic stability14, significant decrease of cortisol and nor-
epinephrine plasma levels15, increased serotonin and 
dopamine16, blood pressure control17, among others.

TM is a technique that has been little studied if 
compared to standardized secular practices, such as 
mindfulness-based stress reduction (MBSR). The re-
sults of these studies are scattered in different publi-
cations, and some are ignored by many scholars due 
to the significant lack of knowledge on the existence 
of this particular technique. Thus, the objective of 
the present study was to conduct a literature review 
to organize the scientific evidence on the effects of 
MT on neurophysiology, neurochemistry, and cogni-
tive and behavioral aspects of its practitioners. The 
study also aims to propose a conceptual model to 
provide bases for future studies on possible mecha-
nisms of MT.

Transcendental meditation presents a differen-
tial, which is the fact that it does not require disci-
plined postures and breathing, or even the control 
of concentration. The technique flows naturally and 
spontaneously, so it is not an exhaustive or uncom-
fortable practice. It consists of meditation induced by 
mantras and dismisses the classical postures and the 
need for absolute concentration, which are found in 
other meditative techniques; thus, it can be practiced 
at any place and time.

METHODS

For this critical narrative review of the literature, 
we searched scientific articles in the PubMed data-
base of the National Center for Biotechnology Infor-
mation (NCBI) in June 2018. The keywords used for 
the search were Transcendental Meditation, Neurosci-
ence of meditation, and Meditation and behavior. The 

with yoga, tantra, Tibetan Buddhism and Zen Bud-
dhism2.

During meditation, mental activity is natural-
ly installed while attention is maintained or even 
increased. Studies show that meditation produces 
a specific pattern of physiological responses that 
involve several biological systems. More frequent 
mechanisms suggest that meditation produces ef-
fects that are beneficial for the autonomic, endo-
crine, neurological, cardiovascular, and psychologi-
cal metabolism3.

Transcendental meditation was brought to the 
west by the Indian Maharishi Mahesh Yogi. It be-
came very popular in the 1960s, and in the 1970s 
scientific research linking its practice with the phys-
iological effects caused was presented for the first 
time4. This practice has been described as a simple 
and natural method to establish a peaceful and deep 
rest, so there is full mental awareness5.

While Western psychology describes three states 
of consciousness (sleep, dream, and wakefulness), in 
eastern philosophy and mystical traditions, another 
state is considered the “fourth state of conscious-
ness,” which could be achieved through the prac-
tice of meditation6. The purpose of meditation is the 
elimination or reduction of thought processes, the 
deceleration of the inner dialog of the mind. This re-
duction of the thought process aims to increase this 
state of higher consciousness and, thus, could lead 
to a great sense of physical and mental tranquility7. 

Meditation has a history of association with reli-
gious and spiritual practices and disciplines. Practi-
tioners of TM affirm that they do not adhere to any 
specific religious practice but emphasize the spiritu-
al dimension of this specific technique8.

There are several understandings about what spir-
ituality is. Unruh et al.9 analyzed concepts of spiritu-
ality in research on the area of health and observed 
that the notions of transcendence and sense of con-
nection were at the center of the understanding of 
spirituality in this field of study. Transcendence re-
fers to the idea of an experience field outside the ma-
terial existence of everyday life, and connectedness 
refers to the perception of being connected to people, 
nature, the cosmos - the ability to have an intraper-
sonal, interpersonal, and transpersonal connection.

The spiritual characteristic inherent to the prac-
tice of TM aims to maintain the practitioner less in-
volved in physical and mundane concerns, focusing 
on something greater, their own position within a 
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inclusion criteria were studies that reported the neu-
rophysiological and behavioral effects of the practice 
of transcendental meditation. After selecting the ar-
ticles, they were grouped and described in three dif-
ferent sections: neurophysiological, neurochemical, 
and cognitive/behavioral aspects.

The articles were read, evaluated, and described 
in relation to aspects of methodological quality and 
other parameters, such as techniques used, fac-
tors for the inclusion of participants and, finally, 
the results obtained. We found 21 articles relating 
neurophysiological, neurochemical, cognitive and 
behavioral aspects with practices of transcendental 
meditation. These studies analyzed different aspects 
that could be altered by meditative practice (Table 1).

Five aspects of the methodological quality of the 
studies were assessed, as described in Table 2.

It is observed from Table 2 that, of the 20 arti-
cles analyzed, 19 had a control group. In these, the 
controls were individuals randomly selected who 
did not have the habit of practicing transcendental 
meditation and who remained at rest with their eyes 
closed; the experimental groups were meditation 
practitioners. 

RESULTS & DISCUSSION
Neurochemical and neurophysiological aspects

Electrophysiology experiments showed that MT 
promotes greater stimulation in alpha waves in the 
prefrontal and temporal areas19, which are related 
to concentration, sense of social responsibility, and 
decision-making. This higher cortical stimulation 
in the prefrontal region added to an increase in the 
glutamatergic synthesis and release, results in the 
stimulation of the arcuate nucleus in the hippocam-
pus, an area mediated by circulating hormones and 
metabolites, in addition to receiving direct stimula-
tion of the lateral and paraventricular nuclei of the 
hypothalamus. The lateral nuclei interact based on 

afferencies from the dopaminergic reward system, 
stimuli related to memory, motivation, and learning, 
signals from the nucleus accumbens, amygdala, and 
nucleus pallidus; these nuclei are directly correlated 
with the production of neurotensin, orexin, hypocre-
tin, histamine, melatonin, and beta-endorphins with 
the arcuate nucleus.

Electroencephalography experiments have 
shown that in MT there is an increase in the activa-
tion of the prefrontal cortex and anterior cingulate 
gyrus20. Using positron emission tomography, a de-
crease in blood flow in the prefrontal cortex (PFC) 
was observed, apparently associated with the atten-
tion to the mantra21. Some imaging studies suggest 
that the PFC, especially the right hemisphere, is 
related to attention-dependent activities22. The cin-
gulate gyrus also features a similar function and is 
involved in focusing attention23. Studies have shown 
that, after the practice of meditation, the bilateral ac-
tivity of the CPF and the cingulate gyrus presented 
increased activity24.

Several studies have demonstrated that the CPF 
can directly stimulate the thalamic reticular nucle-
us25, this activation may be related to the produc-
tion and release of glutamate, the main excitatory 
neurotransmitter26. The thalamus, considered the 
sensory station, uses the glutamate released by ac-
tivating the synapses it has with other structures27. 
During meditation, the increased activity of the CPF 
promotes the concomitant increase in the activity of 
the reticular nucleus, which in turn secretes the neu-
rotransmitter gamma-aminobutyric acid (GABA), the 
main inhibitory neurotransmitter, in the lateral pos-
terior and geniculate nuclei, increasing the activation 
of the reticular nucleus via the superior parietal lobe 
(PSPL)28.29.

Some studies have shown the increase in GAB-
Aergic concentration during meditation30, resulting 
in a possible reduction of external stimuli to the visu-
al cortex and PSPL, increasing the sensation of focus. 

TABLE 1. ARTICLES DIVIDED BASED ON THE ASPECTS 
ADDRESSED
Aspect addressed Yes
Cognitive aspects 3
Neurochemical aspects 6
Neurophysiological aspects 12
Behavioral aspects 7

TABLE 2. EVALUATION OF THE METHODOLOGICAL QUALITY 
OF THE STUDIES FOUND
Studies selected Yes
Was there randomization? 21
Was there a control group? 20
Was it double-blind? 21
Was the dropout rate described? 21
The time of the evaluation of results was similar in all groups? 21

(Source: Based on Berger & Alperson18).
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It is important to emphasize that the dopaminergic 
system participates in the adjustment of the gluta-
matergic system by means of the basal ganglia and 
interacts with the PFC and subcortical structures. In 
a imaging study (such as positron emission tomogra-
phy [PET]) it was found that during meditation, there 
is a significant increase in dopamine levels31. 

Another important effect observed after the prac-
tice of transcendental meditation was a decrease in 
sensitivity to pain32-34. The studies compiled showed 
that practitioners of the transcendental technique 
present a significant reduction in blood pressure and 
heart rate. The significant changes in blood pressure 
(systolic and diastolic) may be related to changes in 
the levels of psychological distress, such as anxiety, 
depression and the ability of social confrontation. 
This physio-behavioral relationship became a study 
model, in which psychological distress triggers a 
heightened activation of the sympathetic autonomic 
nervous system and the activation of the hypotha-
lamic-pituitary-adrenal axis35.

It appears that transcendental meditation pro-
motes the reduction of stress and anxiety levels, 
which can be explained by the significant decrease 
in cortisol36 and 37 noradrenaline levels, along with 
increasing concentrations of dopamine plasma do-
pamine and serotonin 39 38 (Table 3). The increase of 
the serotonergic activity can be related to the stimu-
lation of the lateral hypothalamus; the hypothalamic 
innervation in the pineal gland contributes to the in-
crease in the synthesis and release of serotonin.

The decrease of cortisol and noradrenaline and 
the dopaminergic increase are associated with the 
decrease of cardiac and respiratory frequency40, tak-
ing into account that during the meditative practice 
there is less sympathetic stimulation and more para-
sympathetic stimulation. The increased activity of 
the parasympathetic system would result in a lower 
inhibition of the GABAergic system at a bulbar level, 
triggering changes in blood pressure, respiratory fre-

quency, motility, and functioning of the gastrointes-
tinal system, improved memory, decreased anxiety 
and improvement in the sensation of well-being, due 
to the dopaminergic increase.

Cognitive/behavioral aspects
The effect of the meditative techniques has been 

studied in different health conditions, such as depres-
sion, anxiety, eating disorders and problems caused 
by the use of psychoactive drugs42.43. The influence of 
meditation on stress reduction, in the prevention of 
psychosomatic disorders, in the control of changes 
in blood pressure and other metabolic diseases44, in 
the control of chronic pain, respiratory, musculoskel-
etal, and skin problems are also the object of current 
studies45.

In spite of the few studies that relate the effects of 
meditative techniques with cognitive and behavioral 
aspects, it is already known that its practice can have 
a positive influence on the improvement of cognitive 
functions in attention 46,47 and promote the improve-
ment of verbal fluency and memory48.

Some of the studies included in this review claim 
that the association of transcendental meditation 
practice and the use of medicines for anxiety pro-
motes greater clinical improvement in general when 
compared to the use of medication alone. Other stud-
ies show that practitioners of TM exhibit greater 
autonomous stability, which can be inferred from 
experiments that evaluate the spontaneous dermal 
resistance49. The systems activated in meditation 
have direct influence in the increase of cerebral per-
fusion in the prefrontal, parietal and auditory cortex 
regions48, a protective effect on the thickness of the 
gray mass50 in elderly patients, greater stimulation 
in the areas involved with attention51, increase in the 
strength of cognitive circuits52. In addition, medita-
tion can improve the process of myelination or re-
structuring of the white matter, associated with the 
anterior cingulate cortex. Another effect of medita-

TABLE 3: CHANGES IN NEUROTRANSMISSION AND STRUCTURAL SYSTEMS IN THE CNS

Neurotransmitter Change Structure in the CNS Reference
Gaba Increase Thalamus / inhibitory structures Guglietti et al.30, 2013
Cortisol Decrease Paraventricular nucleus MacLean et al.36, 1997
Glutamate Increase Diffuse in the CNS Armony & Ledoux27, 1999
Serotonin Increase Raphe nuclei Bujatti & Biederer38, 1976
Noradrenaline Decrease Locus coeruleus Mills & Farrow40, 1981
Dopamine Increase Substantia nigra Infante et al.39, 2001

(Source: Based on Newberg & Iversen41, 2003).
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tion is neuroprotection; with the decrease in the syn-
thesis and release of cortisol, there is stress reduc-
tion, which may be associated with the volume of the 
hippocampus region in meditation practitioners53.

Transcendental meditation practitioners showed 
better musical and textual memory 54.55, which may 
be justified by the possible activation of the amygdala 
and hippocampus, possibly resulting in better mem-
ory consolidation and learning. Finally, meditation 
practitioners feel a positive impact on the decrease of 
oxidative stress, which can reduce the risk of neural 
vascular diseases as well as Alzheimer56.

Other studies have shown that in other types 
of meditation, such as mindfulness, Buddhist and 
yoga there is a consistent effect on activation in 
several regions related to the limbic system that 
reflect on behavior, such as the caudate nucleus, 
putamen, thalamus, hippocampus, posterior and 
anterior cingulate cortex, precuneus, Insular lobe, 
fusiform gyrus, orbitofrontal cortex, occipital 
lobe, cerebellum, regions of the parietal and tem-
poral gyrus, among others57.

The practice of meditation is effective for the 
significant decrease of the severity of symptoms in 
patients with obsessive-compulsive disorder, de-
creasing the obsessions, anxiety and depression epi-
sodes58. There is also a significant effect in relation to 
family, social, and professional relationships and in 
the quality of life of patients who adhered to the prac-
tice of meditation in addition to psychotherapeutic 
treatment. Other studies also show that there is less 
activation of the amygdala, an area known to play an 
important role in the processes related to emotional 
stimuli, which may justify the improvement in the 
quality of life59.

This article seeks to present the philosophical 
origins and some of the current scientific evidence 
regarding transcendental meditation and its neuro-
physiological, cognitive/behavioral, and neurochemi-
cal effects on practitioners. Some current mind-body 
approaches have been increasingly integrated into 
health care. However, in TM, the spiritual aspects 
are part of its very nature since this practice is based 
on eastern spiritual traditions. 

The present study presents a small but growing 
number of well-conducted experimental studies. Ad-
ditional research is needed to understand in more 
detail what are the mechanisms of action involved in 
TM. There is great heterogeneity in meditation tech-
niques, and there are few studies that compare these 

different methods. The meditation techniques can 
have different effects on the brain and, consequent-
ly, in neurophysiology and cognition6. Despite this, 
it is possible to observe that transcendental medita-
tion techniques are a promising health intervention, 
alone or as a complement to conventional treatment, 
given the benefits described in this review.

Future challenges
Further studies are needed to improve the under-

standing of this area. It would be important to ex-
plore innovative and different study designs, as well 
as examine meditation practitioners in different con-
texts and conditions.

A recent study examined the brain of a single indi-
vidual isolated in a retreat for 5.5 weeks. A highlight 
of this study was its experimental design adapted to 
observe the response of a single-case study, compar-
ing neuroimaging data pre- and post-intervention. 
Conventional studies, which analyze groups, take 
into account the variability between subjects in the 
statistical analyses, while this approach considered 
variability in a single subject during the sessions. 
Repeated observations were required to consider the 
measurement of errors that could occur for different 
reasons, such as lack of homogeneity of field or sub-
tle head movements. As a result, the neuroimaging 
data showed reductions in visual cortices, Brodmann 
area, and anterior cingulate cortex; the amplitude of 
low-frequency fluctuations increased in the dorsolat-
eral prefrontal cortex60.

This study investigated differences in functional 
connectivity of the neural network in default mode 
between frequent practitioners of meditation and 
non-practitioners in relation to the focus of attention. 
The participants were instructed to name the color of 
simple words presented visually in a task called the 
Stroop Word-Color (SWCT), adapted for functional 
magnetic resonance (fMRI). The task was performed 
when the participants were not formally meditating. 
The logistic analysis based on neuroimaging studies 
showed that the connectivity between the right and 
left posterior cingulate cortex and the parietal lobes 
helps differentiate frequent meditation practitioners 
from non-practitioners since it may represent a high-
er degree of interference and distraction during the 
SWCT in non-practitioners compared with frequent 
practitioners61.

There is another line of research on the modulat-
ing impact of meditation on age-related changes in 



MOSINI, A. C. ET AL

711 REV ASSOC MED BRAS 2019; 65(5):706-713

the macrostructure of the brain that suggests that 
meditation can slow down the degeneration of the 
brain related to age62.63. Some studies show less pro-
nounced negative correlations between the chrono-
logical age and brain measurements (for example, 
volumes of local and global gray matter, or indicators 
of the integrity of fiber from the white matter) in 
meditation practitioners than in controls64.65. How-
ever, because these are cross-sectional studies, it is 
not possible to infer whether meditation induced the 
differences observed if the differences existed before 
the individuals initiated the practice, or whether the 
differences were due to more complex interactions 
with other factors.

In the studies mentioned above, which are inno-
vative, different techniques of meditation were used. 
It would be appropriate to check if these results are 
reproduced by comparing them with the practice of 

transcendental meditation. There are few studies 
comparing different meditation techniques.

CONCLUSION

It is concluded that the TM produces docu-
mentable neurochemical, neurophysiological, and 
cognitive-behavioral effects in its practitioners, both 
positive and significant. Among the main effects are 
decreased anxiety and stress (due to the decrease in 
cortisol and noradrenaline levels), increased sensa-
tion of pleasure and well-being (due to an increase in 
the synthesis and release of dopamine and serotonin) 
and influence on the recall and possible consolida-
tion of memory. Further studies are needed using 
creative and innovative methodological designs that 
analyze different neural circuitry and verify the clin-
ical impact on practitioners.

RESUMO 

O termo meditação pode ser utilizado de diversas formas, de acordo com a técnica a que se refere. A meditação transcendental (MT) 
é uma dessas técnicas meditativas. A MT pode ser um modelo para pesquisas de meditação espiritual, diferentemente de técnicas 
de meditação baseadas em uma compreensão secular. O presente estudo objetiva realizar uma revisão bibliográfica para organizar 
as evidências científicas sobre os efeitos da MT sobre a neurofisiologia, neuroquímica e aspectos cognitivos e comportamentais dos 
seus praticantes. Para a realização desta revisão narrativa crítica da literatura, foi realizado um levantamento dos artigos científicos 
presentes na base de dados PubMed do National Center for Biotechnology Information. As palavras-chave utilizadas na busca foram 
Transcendental Meditation, Neuroscience of meditation e Meditation and behavior. Foram selecionados 21 artigos que analisavam 
diferentes aspectos que poderiam ser alterados pela prática meditativa. Conclui-se que a MT produz efeitos neuroquímicos, neurofi-
siológicos e cognitivo-comportamentais documentáveis em seus praticantes, de caráter positivo e significativo. Entre os principais 
efeitos estão a diminuição da ansiedade e do estresse (via diminuição nos níveis de cortisol e noradrenalina), aumento na sensação de 
prazer e bem-estar (em decorrência ao aumento na síntese e liberação de dopamina e serotonina) e influência na evocação e possível 
consolidação da memória. São necessários mais estudos utilizando desenhos metodológicos inovadores e criativos, analisando difer-
entes circuitos neurais e verificando o impacto clínico sobre os praticantes.

PALAVRAS-CHAVE: Meditação. Terapias mente-corpo. Terapias complementares. Neurofisiologia.
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