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Abstract: Mysticism has been an integral part of human society for ages. It involves both spirituality
and religiosity. The former is associated with attaining higher states of consciousness without an
essential belief in a supernatural power (or God), while the latter does. While there is plenty of
speculative literature available on these topics, we instead focus on peer-reviewed scientific literature
that is evidence-based. First, we briefly review technologies that can measure brain function. We
make the case that concepts such as emotions and subjective experiences, which have long been
considered outside the scope of objective scientific inquiry, are in fact amenable to objective scientific
inquiry with technologies available today. To substantiate this point, we showcase scientific studies
on spiritual aspects of mysticism such as meditation, mantra/chanting, and breath modulation. While
we recognize that much of the research on these topics deal with their health benefits, we argue that
associated brain changes are also conducive for attaining higher states of consciousness related to
spirituality. Next, we present limited scientific literature on religiosity, dealing with its neural
correlates, evolutionary biological origin, and usefulness for mental health. We close by arguing that
the brain basis of mysticism cannot be seen in isolation from the body since these entities are
intimately connected. We propose that future research should look at brain-body interactions and
associated markers of mysticism using latest technologies.

Keywords: meditation; Yoga; spiritual; religiosity; mantra and chanting; functional MRI; medical
imaging

1. Introduction

Mysticism can be defined as the practice of certain spiritual or religious prescriptions that leads
to sensory or extrasensory experiences. Mysticism has been associated with both religiosity and
spirituality for thousands of years. Mysticism associated with religiosity involves experiences during
altered states of consciousness whilst acknowledging the presence of the Absolute God as a
fundamental belief. Two popular theories still afloat are the “push” and “pull’ theories [1]. According
to the ‘push’ theory, there is a single ‘God spot’” which when activated prompts individuals to
mystical experiences (and in some cases, associated with higher states of consciousness). Based on
this conjecture, injury to this particular region decreases the chances of mysticism. On the contrary,
the ‘pull’ theory suggests that to have mystical experiences, the inhibitory functions need to be
suppressed, which would lead to increased mysticism in case of injury in those regions. In contrast,
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mysticism associated with spirituality focuses on techniques such as meditation to attain higher states
of consciousness without the necessity to believe in anything, including an absolute God.

A large amount of information is available on the internet and is popularized on social media
(Facebook, Twitter, WhatsApp, etc.) on the topic of ‘brain and mysticism’. However, much of that
information is speculative in nature, with a substantial proportion of outright misinformation. They
are not grounded on either historical or empirical evidence. The relatively small portion of the
literature based on well-defined experimental evidence, with about 1500 peer-reviewed journal
articles, has sufficient methodological details and testable results to be termed as ‘hard science’. Such
research investigations conform to the scientific method of hypothesis-experiment-observation-
inference, and their reported results are testable/verifiable by a third person. This scientific literature
forms the basis for the topic of this article. The results reported in peer-reviewed journals are
generally reproducible and replicable, leading the world to trust the conclusions. As such,
investigating mysticism is considered today as a valid scientific enterprise. The focus here is to
highlight these findings in particular. We will mostly avoid speculative literature and explicitly
mention speculation when relevant.

Meditation, a spiritual practice endorsed for millennia, has long been hypothesized to affect our
brains. To ascertain the depth and scope of this topic Lauricella et al. [2] showed a graph (Figure 1,
top) that portrays increasing research interest in this topic during 1979-2014. An exponentially
growing number of scientific articles on this topic can be observed post 2000. The geographical
distribution of the articles (Figure 1, bottom) indicates a heavy concentration in North America,
Australia, New Zealand, Asia, the UK, Ireland, and France. Although the interest in the scientific
community can be recognized, the fact that there is much skepticism as well cannot be denied. The
skepticism is a product of multiple factors. First, the amount of speculation and misinformation on
this topic (as discussed before) raises the level of skepticism. Next, the study of states of mind and
psychology, in general, were considered to be subjective science not amenable to objective inquiry.
This is no longer the case. Recent technological advancements allow us to measure neural correlates
of mental states objectively. In fact, government funding for brain research, in general, increased in
the United States, first during the “decade of the brain” in the 1990s during the Bush administration
and then during the “brain initiative” starting with the Obama administration in 2013. Similar
projects in Europe (Human Brain Project) and Asia have provided an impetus for objective
measurements of neural processes in the brain during subjective experiences. Also, interest in the
beneficial effects of Yogic practices such as meditation on mental health is increasingly being studied
[3], which has increased funding in this area. Consequently, the scientific enterprise is receptive today
to investigating the brain basis of mysticism. In fact, neuroscientists welcomed the Dalai Lama to the
Society for Neuroscience annual meeting in Washington D.C. to recognize that this is now a valid
scientific enterprise [4].
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Figure 1. Number of articles related to meditation published by year (top). Geographical distribution of articles,
1979-2014 (bottom) [2].

The purpose of this article is to present studies that scientifically investigate the brain basis of
mysticism. To start with, it is essential to have an idea about the brain, the mind, and the dichotomy
between them, and how the latest technologies can be utilized to investigate them. This is dealt with
in the next section. Section-3 describes how brain function can be measured objectively using these
technologies. Sections 4, 5 and 6 discuss the scientific literature on spirituality associated with
meditation, mantra/chanting, and breath modulation, respectively. Section-7 presents scientific
studies on religiosity, and section-8 describes the importance of brain-body relationships in
understanding the physiological basis of mysticism. Section-9 provides concluding remarks.

2. Brain and Mind

The brain is a complex organ responsible for controlling thoughts, emotions, actions, sensations
(such as vision and hearing), coordination, and all other functions for body regulation. The 3-pound
weighing organ (2% of body weight) is comprised of 100 billion neurons, the basic building block to
receive and transmit information, that is connected with each other via one quadrillion (a million
billion) connections. The proper functioning of the brain requires 20-25% of the body’s energy budget
[5,6]. A deficiency in glucose supply to the brain disrupts brain metabolism leading to impaired
function and growth [7]. Thus, with a drop in glucose level, termed hypoglycemia, individuals suffer
from blurred vision, drowsiness, inability to concentrate, experience confused thinking, and slurred
speech [8]. A prolonged period of low glucose levels can affect the brain severely, leading to seizures,
coma, or even death in a few cases. The brain has traditionally been considered a physical entity
enclosed in the skull and one that sustains based on physical metabolites such as oxygen and glucose.
On the contrary, historically, the mind has been hypothesized to underlie thoughts, feelings, and
emotions, which were considered by some as non-physical entities. The field of "consciousness
studies", dealing with origin or basis of conscious thought, is a vast subject and beyond the scope of
the current article. The relationship between the brain and the mind has been a topic of philosophical
debate about whether they are the same or different or interdependent (known as the mind-body
problem or mind-body dualism [9]). However, in the neuroscience field, the mind is referred to as
the outcome of conscious and unconscious self when awake and unconscious when asleep [10].

Here we argue that the philosophical discussion about the mind-body problem and whether the
mind is a physical entity or not are unimportant for a scientific study of the brain basis of mysticism.
This is because we can measure brain function with today’s technologies, and irrespective of whether
the brain is the mind or the brain is modulated by the mind, we are able to directly or indirectly infer
the correlates of the mind. What matters is that today it is possible to measure and modulate attributes
of the mind such as emotions and intentions, which were hitherto considered subjective and
experiential. For example, research shows that electrical stimulation of the brain can determine
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whether one feels happy or sad [11]. Deep brain stimulation is a technology that can cure individuals
suffering from treatment-resistant depression (i.e., those who cannot be cured with any other
medication or therapy). It is a device with electrodes implanted in the brain like a pacemaker [11].
The device is placed under the collar bone and the electrodes are placed in Brodmann Area 25 (the
sadness center), the junction box of brain circuits that regulates our moods. Each electrode has four
contact points that could be regulated (switched ON or OFF) from outside to initiate the stimulation.
After turning on and stimulating certain electrodes, one of the participants in the study reportedly
smiled after decades. Although the treatment procedure and its results are fascinating, it is crucial to
understand that every individual is different and requires personalized brain stimulation [12]. A
wide range of similar procedures have been carried out to bring respite to many lives [13-15]. The
underlying science to determine the stimulation target was itself developed through extensive
neuroimaging research. Furthermore, today deep brain stimulation is FDA-approved to treat not
only depression and insomnia [16] but also other neurological disorders such as obsessive-
compulsive disorder (OCD) [17], Parkinson's [18,19], epilepsy [20], essential tremor [21], dystonia
[22,23], and many more. The takeaway is that emotions such as happiness or sadness can be
physically measured and manipulated. It is also possible to measure and manipulate perception (five
senses), cognition (decision making, attention, etc.) and other emotions, indicating that the ability to
measure/change brain faculties is quite ubiquitous and not limited to the example of
depression/happiness presented above. Thus, current technologies provide an unprecedented
opportunity to investigate the brain basis of phenomena historically considered outside the purview
of objective investigation. We believe the same logic can be extended to the study of the brain basis
of mysticism, which is commonly associated with altered states of mind or, more specifically, altered
states of consciousness. Before the 1980s, the mind was considered a nonphysical entity and the brain
as a physical entity; thereby, there was a debate about the brain basis for the mind. Whether the mind
has physical existence is a philosophical topic of discussion, which we will not elaborate on.
However, as argued before, it is certain that the mind has a physical basis in the brain, which can be
physically manipulated. Thereby it is possible to investigate the basis of hitherto abstract notions
such as mysticism within a sound scientific framework.

3. Measurement of Brain Function

A range of techniques are available to measure brain function, as shown in Figure 2. The
objective is to capture as much spatial detail as possible (spatial resolution), as quickly as possible
(temporal resolution). The modalities low on both the spatial and temporal scale, i.e., those with high
spatial and temporal resolutions, are all invasive technologies such as multi-unit activity (MUA)/local
field potential (LFP), and single-unit activity (SUA), which are mostly feasible only in animals
(requires opening the skull for direct brain contact). For humans, it is difficult to always rely on
invasive techniques for all investigations except in rare situations where a human subject undergoing
brain surgery provides consent for research experiments [24]. Thereby, non-invasive technologies
such as electroencephalogram (EEG) and MEG (magnetoencephalography) are popular, with EEG
existing for almost a century and MEG for half of that time. Even though their temporal resolution is
satisfactory, their spatial resolution is coarse, and it is difficult to pinpoint precisely where the signal
is generated due to poor spatial specificity. Thereby, a higher spatio-temporal resolution modality
with impressive sensitivity and specificity is more desirable. Observing the graph in Figure 2,
functional magnetic resonance imaging (fMRI) fits this requirement and has a unique place in the
spatio-temporal space amongst the range of imaging modalities. Its spatial resolution (0.5-2 cubic
mm) is impressive and its temporal resolution (0.5-2 s) is acceptable. In addition, fMRI also
simultaneously optimizes spatial coverage (image the entire brain area as much as possible) and
signal-to-noise ratio (data quality), apart from being sensitive to small changes in brain function.
FMRI images are relatively easy to acquire and are not associated with risks of ionizing radiation.
The discovery of fMRI in the early 1990s has seen an explosion in research due to its suitability and
reliability.
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Figure 2. Spatial and temporal resolution of various modalities to observe brain function. It should be noted that
this figure is almost a decade old, and the temporal resolution of fMRI today is approaching that of EEG/MEG,

which makes it an even better modality than it was previously [25].

In order to scan and take pictures of the brain, the human body is placed inside an MRI scanner
with a strong magnetic field. The machine captures pictures of the brain across multiple time
instances (akin to a video of brain function). MRI as an imaging technology has made an immense
contribution to the scientific world and has two Nobel prizes as well, one in physics for nuclear
magnetic resonance (NMR) to Felix Bloch and Edward Purcell (1946: atomic nuclei absorb and re-
emit radio frequency energy) [26,27] and the other in medicine for MRI to Paul Lauterbur and Sir
Peter Mansfield (1970s: spatial frequency encoding of NMR to produce images) [28]. FMRI was
invented by Seiji Ogawa, Kenneth Kwong, and their colleagues in the year 1992 to show how MRI
can be used to measure brain function non-invasively [29-31].

MRI is of two types - structural and functional. The most common one used clinically is
structural MRI, which provides 3D anatomical information (picture) of the brain. The time
component is absent in these kinds of images. The other type is fMRI. As the name suggests, it gives
an idea of how the function of the brain evolves over time. FMRI is widely used to understand which
brain regions are responsible for various tasks. For example, when an individual taps their finger, the
primary motor cortex gets activated, suggesting its involvement in that particular task [32].
Activation in fMRI is the brain region that consumes the most oxygen and glucose (energy driving
factor), time-locked to an external sensory stimulus or a motor/cognitive task being performed by the
subject. The inference that tapping finger task activates the primary motor cortex is typically known
as forward inference. To give an idea of the neurological map, Figure 3 shows the cortical
homunculus, representing the brain location dedicated to specific sensory and motor functions of
different body parts.
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Figure 3. Topographic organization of the primary motor (left) and sensory (right) cortex on representational

coronal slices of the brain [33,34].

Conversely, identifying the task being performed by the subject based on the regions of brain
activation from fMRI is termed reverse inference. For example, one study done at MIT looked at f{MRI
signals in the visual cortex to decode the letter that the participant was viewing (which was the letter
‘M) [35]. Another study predicted movie scenes being viewed (from the movie “The Good, The Bad,
and The Ugly”) based on the fMRI data [36]. Thereby, it is evident that by training a machine learning
model or an artificial neural network, emotion, task, and/or behavior of participants can be predicted.
In other words, ‘mind reading’ is within the realm of possibility. An important application of this
field of research can be seen in brain-machine interfaces and lie detection (instead of age-old
polygraph tests that could be inaccurate). In brain-machine interface, paralyzed individuals or those
with artificial limbs can move their limbs just by thinking to do so [37]. Likewise, fMRI in lie detection
can identify if the person is testifying false evidence. The idea is not only perceivable in today’s world
but is even admissible as evidence in court [38]. Furthermore, a similar technique was used in a
murder case in Mumbeai, India, in 2007, where the results showed that the accused had to be the killer
[38]. It was accepted in court as well.

The takeaway message is that it is possible to detect, measure, and objectively characterize one’s
feelings, perceptions, and thoughts with physical measurements. Thereby, as an extension, the brain
basis of mysticism is a valid scientific pursuit. In the following sections, we elaborate on the neural
basis of both the spiritual and religious aspects of mysticism. First, we consider the spiritual aspects
with scientific studies on meditation, mantra and chanting, as well as breathing modulation, followed
by a scientific take on religiosity and a holistic view of the brain and body.

4. Meditation

4.1. Meditation and the Brain

Meditation has long been a southern and eastern Asian tradition, primarily rooted in India. In
recent years, western society has equally accepted and adopted this tradition since the scientific
world has begun to investigate the neural basis and effects of meditation on the human brain,
ultimately improving human lives. Specifically, the effects of meditation on both brain structure and
function have been probed. The causality between the two (effects on structure and function) assists
in identifying the associated mechanistic underpinnings [39]. Research highlights the alterations in
gray and white matter due to meditation, along with changes in brain functional networks
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(responsible for cognition, emotion, and executive functions) [40]. Brain networks are an ensemble of
different brain regions that communicate among themselves to accomplish essential functions. It is
an embodiment of distributed information processing, similar to the internet or wireless
communication networks, which is a network of computational units whose capabilities are derived
by the communication among them. With techniques such as fMRI at our disposal, it is feasible to
observe brain networks during meditation (meditation state, i.e., ‘altered sensory, cognitive, and self-
referential awareness’) and after meditation (meditation trait or the lasting changes) [41]. The
prevalence of a varied range of meditation practices and research findings on the same indicate
distinct functional outcomes where both activation (engaging) and de-activation (disengaging) are
equally important for meditative benefits [42]. Fox et al. presented the results of a meta-analysis on
the activations and de-activations in the brain for focused attention, open monitoring, mantra
recitation, and loving-kindness/compassion meditation (Figure 4). The diversity in meditative
practices and their outcomes is fascinating. In attention meditation, the focus is on an external object
or a quality of one’s self, whereas a few other practices (loving-kindness, and compassion meditation)
are about meta-awareness [43-46]. However, the desired outcome across methods is attaining a deep
sense of relaxation on the one hand, and integral attentiveness on the other. In the following
paragraphs, we highlight some key findings and research on the effects of meditation on the human
brain.

@ Focused Attention @ Open Monitoring @ Mantra Recitation | Loving-kindness/Compassion

s { b
Brocala

DAITT ot

D.in

Figure 4. The results of a meta-analysis depicting the activations and de-activations for specific meditation
techniques; the colors refer to different meditation techniques. Red: focused attention; blue: open monitoring;
green: mantra recitation; yellow: loving-kindness/compassion. The filled colored circles denote activations and
those with a downward arrow denote de-activations. The region of interest (ROI) names abbreviated in the
figure are as follows. DLPFC (dorsolateral prefrontal cortex), RLPFC (rostrolateral prefrontal cortex), PMC
(premotor cortex), IPL (inferior parietal lobule), IFG (inferior frontal gyrus), Broca (Broca’s area)) RMPFC
(rostromedial prefrontal cortex), ACC (anterior cingulate cortex), dACC (dorsal ACC), SMA (supplementary
motor area), PCC (posterior cingulate cortex), BG (basal ganglia), SII (secondary somatosensory cortices), alns

(anterior insula), mIns (mid-insula) [42].

Studies investigating structural changes brought about by meditation have looked at the brain's
cortical thickness. The outer layer of the brain or cortex, constituting the gray matter, consists of
billions of neuronal cell bodies. The inner layer comprises the white matter or the connections
between neurons consisting of axons. Increased gray matter thickness is generally associated with
higher cognitive ability or intelligence and better brain health [47-49]. A few studies have found a

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202410.0507.v2
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 13 June 2025

positive correlation between grey matter thickness and intelligence in particular brain regions [50].
With age, cortical thickness gradually declines [51,52], which is an entirely natural phenomenon. A
study done at Harvard Medical School by Lazar et al. found that people who practiced long-term
mindfulness meditation exhibited reverse cognitive aging [53] (Vipassana meditation is usually
termed as mindfulness in academic literature). Characteristically these individuals did not show a
decline of cortical thickness with age (Figure 5); that is, their brains remained young even in old age.

2.2
9 -
1.9 -
1.5

Thickness

20 25 30 35 40 45 50 55
Age

Figure 5. Relationship between cortical gray matter thickness of the insula (a brain region) and the age of

participants [53]. Meditation participants: blue circles; control participants: red squares.

Another collaborative study between Dalian University, China, and the National Institutes of
Health (NIH), USA, showed increased neuronal fiber density for short-term meditation practice [54].
Individuals underwent integrative body-mind training, a mixture of Zen and other similar Buddhist
methods based on mindfulness, wherein they performed meditation for 30 minutes each day for a
stretch of one month (a total of 11 hours). The duration is short and thereby can be termed as short-
term meditation practice. Neuronal fiber density was assessed before and after meditation training
(i.e., in a gap of one month). White matter density increased in the anterior cingulate cortex leading
to efficient transfer of information during cognitive processes. This study was important because the
prior belief was that only long-term meditation has a measurable impact (as in [53]), and such notions
were turned around with this study. A similar study that extended the idea and investigated the
implications of short-term mindfulness meditation found increased gray matter volume in the ventral
posterior cingulate cortex, which is known to underlie age-related cognition, emotion, and self-
awareness [55].

We next focus on changes in brain function due to meditation. Functional changes are the ones
in which we observe changes due to meditation in activation of brain regions or connectivity between
different regions of brain networks. Here, we find two categories of studies in the literature. First is
case studies, where the number of individuals is less (usually N<3 and in most cases N=1). The other
category is population studies that identify changes in a large set of people representative of the
population. Generally speaking, the results of case studies are not necessarily generalizable to the
larger population. However, in neuroscience and medicine, since the adverse conditions expressed
in the population are very low, case studies are well recognized not as conclusive results but to form
hypotheses and as a basis for further investigation. In this spirit, we present a few case studies as
well.

An un-named 65 year old male Indian Yoga master claimed that he does not feel pain while
meditating. To understand and verify his claim, Kakigi et al. carried out an experiment at the National
Institute for Physiological Sciences, Japan, where the Yoga master was subjected to pain while inside
the MRI scanner during both meditating and non-meditating conditions [56]. Surprisingly enough,
the brain regions that got activated when the individual was subjected to pain whilst not meditating
did not get activated while meditating (these regions were the thalamus, SII, insula, and cingulate
cortex, which are known to be part of the brain’s pain circuit). This confirms the claim by the Yoga
master that he does not experience pain while meditating. It is well known that the perception of pain
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can be blocked by silencing regions along the pain pathway either in peripheral or central nervous
systems (which painkiller medications do effectively). In fact, mindfulness meditation has been
shown to provide pain relief [57]. Interestingly, a similar effect can be obtained by voluntary control
over the activation of certain brain regions using meditative techniques [58,59]. This is not outside
the realm of possibility since neurofeedback also seems to allow subjects to gain voluntary control
over pain regions such as the anterior cingulate, thereby reducing pain in patients experiencing
chronic pain [60]. Overall, changes in brain structure and function have been established in both
short-term and long-term meditators, and exciting claims such as pain tolerance in meditators have
been verified. The improvement in brain structure/function due to meditation align with brain
patterns of improved mental health, and thus meditation is also being explored as a therapy to
ameliorate psychiatric conditions such as depression and anxiety.

4.2. Meditation as a Tool to Achieve Mystical Experiences

Above, we presented the broader landscape of meditation as a tool that changes the brain and
has health benefits. Here, we review literature that shows the utilization of this effective tool to enable
mystical experiences. In a case study performed at Boston University, researchers tested the claim of
an individual experiencing ecstatic ‘Kundalini’ meditative experiences [61]. The study found
activation in the anterior prefrontal cortex, a part of the brain uniquely evolved in humans. Parts of
this unique brain area are not even present in the last common ancestor of humans, the chimpanzees.
The function of the anterior prefrontal cortex is enigmatic, however, and it is believed to promote
higher cognitive functions [62,63]. These results corroborate with shifts in breathing and EEG patterns
obtained during Kundalini meditation in a Yoga master, which was reported in 2001 [64].

Another form of active meditative correspondence is believed to be telepathy or mind reading
sans physical or sensory interaction. A group of researchers at NIMHANS (National Institute of
Mental Health and Neurosciences), Bangalore, India, investigated the neural basis of telepathy [65].
By establishing a telepathic link (Figure 6), a mentalist could draw a very close representation of what
another person drew, devoid of any prior knowledge of that representation. The experiment was
validated with a control subject (non-mentalist), to exclude trivial explanations, who failed to draw
something nearly close to the actual image. FMRI data were acquired from both the mentalist and
non-mentalist during the experiment. There was activation in the right parahippocampal gyrus
(responsible for spatial memory and navigation) for the mentalist and in the left inferior frontal gyrus
(responsible for language comprehension and production) in the case of the non-mentalist. This case
study shows that it is possible to investigate the neural basis of phenomena that have been
traditionally considered to be “extra-sensory perception”.
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Figure 6. Comparing an image drawn secretly by the investigator (top row) and those drawn after that by the
mentalist (bottom-left) and a control subject (bottom-right) [65]. (A) Image drawn secretly for the mentalist; (B)
image drawn secretly for the control subject; (C) image drawn by the mentalist; (D) image drawn by the control

subject.

A few other studies of physiological measurements obtained from individuals in higher states
of consciousness are noteworthy. These include investigations on Sri Ramanand Yogi during his stay
in an air-tight box [66], voluntary control over visceral functions during meditation by Yogis [67,68],
and observance of alpha EEG activity during meditation (showing a relaxed state of mind) in four
Yogis even when their hand was immersed in ice cold water for 45-50 minutes during meditation
[69]. These case studies demonstrate that meditation can be used as a tool to achieve mystical
experiences and that such experiences leave physiological imprints on the brain and body, which can
be measured to infer the characteristics of such experiences.

Due to the low sample size of case studies discussed above, the probability of the outcome being
obtained by chance is higher. Therefore, in order to advance generalizable scientific knowledge, we
need population studies wherein the sample size is large and the data acquired is representative of
the population, or we need deep phenotyping of a single individual wherein the person is scanned
(experimented upon) multiple times (>10) and statistical inferences are drawn. While we recognize
that case studies are essential for studying phenomena that are unique to individuals (such as a Yogi
attaining the highest state of consciousness) and can sometimes be well-powered if the effect sizes
are large, population studies or deep phenotyping are important for making broader inferences.
Although there have been no deep phenotyping studies on meditation, many population studies
have investigated mind wandering and meditation. A scientist from Denmark analyzed Patanjali’s
definition of meditation and put it into a neuroscientific framework [70] by linking meditation with
the control of mind wandering. This allows the design of experimental paradigms around known
concepts such as mind wandering. According to Patanjali, the Indian author of one of the most
authoritative texts on meditation called “Yoga Sutra’, to attain the optimum stable state through
meditation, one must overcome mind wandering (which he refers to as mental noises or waves of
thoughts) [71]. Many researchers have followed this framework. One such study using EEG observed
the effects of meditation on mind wandering and sleepiness for both expert and non-expert
meditators [72]. For expert meditators, meditation depth increased with time, and mind wandering
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decreased with time more than for non-expert meditators. Figure 7 illustrates their results. It is
noteworthy that the reduction of mind wandering is an outcome of any active task. But in meditation,
the active task is itself to modulate attention in a way that is oriented towards the self, and this
distinguishes it from other active tasks that may be oriented towards the outside world.

Meditation depth Mind Wandering Sleepiness
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Figure 7. The variation in responses to experiential probes for meditation depth, mind wandering, and sleepiness

scores for expert and non-expert meditators [72].

Another fascinating study is where subjects with brain injuries in certain brain regions suddenly
had spontaneous spiritual experiences and altered states of consciousness, also known as Geschwind
syndrome [73]. Brain injuries in the temporal lobe, the same region activated during telepathy, are
hypothesized to lead to hyper synchronization or information influx between various regions,
resulting in a heightened state of consciousness. The reason behind this is yet to be uncovered.

Next, we glance at studies that investigated the effects of specific prevailing meditative
techniques such as ‘Samyama’, ‘Sahaja Yoga’, ‘Raja Yoga’, etc. ‘Samyama’ is a collective meditation
practice commencing with attention followed by Dharana (concentration), Dhyana (meditation or
unbroken concentration), and Samaadhi (an exalted state of consciousness), the three limbs of the eight
limbs of the astanga yoga. Researchers observed increased fMRI resting-state connectivity between
the salience network and the default mode network (DMN) after execution of ‘Samyama’ (an intense
technique that requires one to be silent for a period of 8 days) in the case of meditators [74]. A
correlation was observed between the data (increment in the intra-network connection) and the self-
reported mindfulness score. The result is in agreement with increased connectivity and mindfulness
reported in earlier research [75]. On the contrary, during focused breathing, the intra-network
connections exhibited a decrease in connectivity that signifies the controlling ability of ‘Samyama’
meditators for regulating mind wandering (DMN is the responsible network) with increased focus
and attention. Likewise, a systematic review and meta-analysis on focused attention meditation
identified the default mode, salience, and executive control networks [76] as important brain
networks modulated by meditation.

Another similar meditation practice that has been scientifically investigated is the ‘Sahaja’ Yoga
technique. This technique trains one’s mind to eliminate or reduce thoughts significantly and attain
a state of mental silence. Barrds-Loscertales et al. studied the functional connectivity changes among
brain regions that showed an increase in gray matter volume from a previous study with the same
population (‘Sahaja’ Yoga meditator and non-meditator) [77,78]. Connectivity changes were observed
in these regions responsible for cognitive control, attention, and executive function [77].

The Brahma Kumaris (Prajapita Brahma Kumaris World Spiritual University), a spiritual
movement initiated in the 1930s in Hyderabad (India), follow a meditation technique termed
‘Rajyoga’ wherein individuals perceive themselves through the area between the eyebrows while
focusing on a meaningful external symbol (representation of a supreme God) keeping their eyes-open
(an exception to other forms of meditation where eyes remain closed as in samyama/astanga yoga or
where eyes are half closed as in Zen technique) and reiterating positives around peace, love, bliss,
etc. [79,80]. Ramesh Babu et al., for the first time, attempted to identify neural plasticity due to
‘Rajyoga’ meditation on the reward processing centers of the brain (right superior frontal gyrus, left

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202410.0507.v2
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 13 June 2025

12 of 24

inferior orbitofrontal cortex and bilateral precuneus) [81]. They observed an increase in gray matter
volume in the reward processing center related to happiness and a positive correlation with
individual happiness scores (Oxford happiness questionnaire) with longer meditative hours.

Transcendental meditation is a meditation technique that involves silent chanting (of mantras)
until the attainment of relaxation and peace. Like other meditation techniques, long-term
transcendental meditators exhibit higher activation in the anterior cingulate and dorsolateral
prefrontal cortices responsible for attention and executive function (like thinking, planning,
monitoring, etc.) [82]. In contrast to prior research [83,84], the study also revealed lower activation in
the pons and cerebellum that are responsible for arousal [82]. Owing to these findings and the fact
that transcendental meditation requires the least effort (of course, for expert meditators, that comes
with practice), it could be inferred that training in this type of technique can lead to peace and bliss
effortlessly (the concept of transcending to that feeling).

As described earlier, not only long-term but short-term meditation practice also affects the white
and gray matter of our brain (structural changes) [54,55]. Here, we present the effects of intensive
short-term meditation practices. Kwak et al. carried out a study as part of the Templestay project,
wherein the participants underwent three days and four nights of intensive meditation practice. They
were scanned twice (fMRI scans 2-3 days before and after the course) [85]. The format was quite
similar to the Templestay in Buddhist culture, where individuals experience staying in a temple and
practicing mindfulness, eating healthy food, walking, exercising, etc. Participants showed enhanced
executive function (e.g., attention) and neural activity in areas responsible for alertness and attention
as compared to the control group (who stayed in the temple in a vacation style). Furthermore, a
functional near-infrared spectroscopy (fNIRS) study found that loving-kindness meditation, also
known as compassion meditation, results in cognitive benefits in novice meditators after a short
meditation session [86].

In summary, modern technologies have been utilized to study several meditation-based
spiritual practices. We now have a better understanding of the brain mechanisms that underlie these
practices. Lifestyle benefits and mystical experiences associated with these practices have been well-
documented for a long time, and these research investigations provide empirical evidence for these
practices and also help us better understand these phenomena.

4.3. Focused Research Initiatives on Meditation by Organizations

Alongside the studies discussed above, focused research initiatives by certain organizations
have helped uncover the effects of long and short-term meditation and Yoga. On the one hand, there
are organizations such as Ashtanga Yoga Vijnana Mandiram (AYVM; https://www.ayvm.in/), the
Isha Foundation (https://isha.sadhguru.org/us-en/isha-research-center), and Art of Living
(http://www.aolresearch.org/index.html) that have carried out research on the effects of their specific
Yoga and meditation practices on the brain and body. On the other hand, organizations such as
Swami Vivekananda Yoga Anusandhana Samsthana (S-VYASA;
https://svyasa.edu.in/research_publications.html), Patanjali Research Institute
(https://patanjali.res.in/research-paper.php) and Center for the Healthy Minds at the University of
Wisconsin Madison (https://centerhealthyminds.org/science/publications) have advanced research
on multiple meditation techniques currently in vogue. Below, we provide a glimpse of published
research by such organized efforts. It is noteworthy that many more organizations have contributed
to this endeavor, but it is outside our scope here to document that work fully. Instead, we aim to
provide only a glimpse of such efforts, and this is in no way comprehensive or complete. We only
include those studies that deal with meditation or mind control in some form. We substantiate the
concepts and ideas with peer-reviewed scientific studies.

AYVM (originating from Hedathale, Karnataka, India) was one of the pioneers in the application
of scientific methods for understanding the physiological correlates of higher states of consciousness
induced by meditation. In one of the first experiments conducted way back in 1955, physiological
measurements were made from a subject in the highest state of consciousness (also referred to as
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Samaadhi). Markers of subdued metabolism such as decreased body temperature, feeble heart sounds,
and imperceptible pulse at the radial artery were observed [87,88]. Interestingly, the state was
characterized by a strange combination of subdued metabolism, increased muscle tone and sensory
withdrawal (for example, even when the subject had opened her eyes, there was no behavioral
manifestation of visual perception). A series of experiments were conducted by researchers between
1985 and 1995 with support from AYVM using more advanced instrumentation. In these
experiments, EEG, electromyogram (EMG), electrocardiogram (ECG), and breathing were measured
from subjects while they attained higher states of consciousness through meditation. One such case
study showed increased dimensional complexity of EEG during meditative states [89].

Following early pioneering work by AYVM, recent efforts by other organizations have gathered
pace since 2000. The 3-month long Anaadhi retreat program of Isha Foundation (Coimbatore, Tamil
Nadu, India), where participants underwent rigorous in-house meditation and Yoga practices,
indicated a positive effect on several biomarkers, an increase of the anti-inflammatory marker
Interleukin-10 (IL-10) and a decrease of the pro-inflammatory marker Interleukin-12 (IL-12). It
confirms a reduction in inflammation and a strengthening of the immune response [90]. The same
meditation practice also showed enhanced attention and neuroplasticity [91].

Correspondingly, practitioners of the Sudarshan Kriya Yoga (SKY), a program by the Art of
Living Foundation (Bangalore, Karnataka, India) involving a rhythmic and cyclical pattern of
breathing, demonstrated an increase in EEG beta activity, indicating greater mental focus [92].
Thereafter, a one-week trial using the technique on Iraq and Afghanistan war veterans exhibited a
significant decrease in post-traumatic stress disorder (PTSD) symptoms, which persisted for a year
without follow-up sessions [94]. Other studies by the Art of Living (on SKY) showed evidence of
improved brain functionality [92,94-96], with improved relapse response from stressful situations
[97].

AtS-VYASA (Jigani, Karnataka, India), an institute dedicated to understanding the implications
of Yoga in humankind, researchers have published articles on this topic from as early as 1995. One
fMRI study emphasized the three stages of Yogic meditation: focused attention, object-centric focused
attention, and effortless focused attention [97]. Results suggested an association with sustained
attention, memory, semantic cognition, and creativity, in addition to an increased ability to mentally
detach for effortless focused meditation. Researchers from the Patanjali Research Institute (Haridwar,
Uttarakhand, India) have investigated neurophysiological changes due to Yogic breathing techniques
using EEG [98]. Dr. Richard Davidson from the Center for the Healthy Minds (Madison, Wisconsin,
USA) was an early pioneer in meditation research [99]. His collaborations with the Dalai Lama have
produced interesting scientific literature on meditation. We are unable to review that literature here,
but readers can find information at: https://centerhealthyminds.org/science/publications/list?s=228

5. Mantra and Pranayama

Mantra and chanting are also prevalent in many cultures in the form of a single word, multiple
words, songs, or unique sounds. Chanting is integral to some forms of meditation (such as
Transcendental Meditation). However, this section focuses exclusively on studies that investigated
chanting without coupling it with meditative practices. These practices have been present in various
cultures and religions for ages, with notions that it helps to heal, feel “close to the supreme power”,
and reduce stress. South Asian religions (Hinduism, Buddhism, Sikhism and Jainism) use the word
‘Om’ or ‘Aum’. Buddhism has other sets of chants as well based on various schools. Chanting is also
widespread among the Aboriginals of Australia, African and Native American cultures, Judaism,
Islam (Dhikr) [100], and Christianity (Gregorian chants) via ancient songs and tales [101]. In the
following section, a couple of studies are presented that specifically focus on the effects of various
mantras and chanting practices on brain function.

A scientific study that gathered public attention compared Vedic priests (experienced in mantra
chanting) with a matched control group (did not chant mantras) and showed increased cortical
thickness among Vedic priests in the frontal (involved in higher cognition) and temporal lobes (which
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is known to be important for spirituality) [102]. More rigorous and extensive experiments are
required to identify the mechanistic underpinning of this outcome. Another famous study done in
Israel, involving Jews undertaking chanting using repetitive speech, induced large-scale deactivation
in the brain [103]. This is important because this deactivation calms down the over-activated limbic
regions responsible for emotional over-reactivity. Another study investigated the effects and benefits
of ‘OM’ chanting on brain function [104]. A popular treatment to induce limbic deactivation in
psychiatric disorders is via Vagal nerve stimulation, an invasive procedure that reduces stress and
anxiety [105]. The study found that chanting ‘OM’ had similar limbic deactivation effects. The
experiment had four blocks of chanting ‘OM’ or ‘SSSS’ (control) or silence (REST), each lasting for 15
seconds (REST, OM, REST, SSSS). In order to identify the brain response specific to the ‘OM’ chant,
which is a nasal sound, the non-nasal chant of ‘SSSS” was administered as a control condition.
Connectivity strength between various brain regions of the limbic system decreased [106] (the regions
interacted with each other less) during “OM” chanting as compared to chanting “SSSS” or silence,
which induces calming and de-stressing effects during ‘OM’ chanting.

Besides meditation, mantra, and chanting, the other important aspect investigated is the effect
of various breathing techniques on the brain. Voluntary control of breathing is referred to as
“Pranayama”, an integral part of the Yogic traditions of India. However, it is important to note here
that a full review of neural correlates of mantra and chanting mentioned above and pranayama in
the upcoming section are out of the scope of this article. We intend to give an overview on the topics
with peer-reviewed scientific studies.

Breathing is essentially used as a tool to modulate attention; hence, it is organically intertwined
with meditation. In fact, many of the meditation techniques discussed in this article involve voluntary
breath modulation as an essential step. Therefore, the neural mechanisms underlying such meditative
practices cannot be easily separated from the neural substrates of voluntary control of breathing. That
said, here we present a few studies focusing exclusively on the voluntary modulation of breathing
without connotations to meditation. For example, a systematic review synthesized the available
literature on the link between nasal airflow and brain activity, and proposed that asymmetrical brain
activity and nasal flow influence one another throughout the day [107]. They suggested that
asymmetry of brain activity (an ultradian rhythm) induces asymmetry in breathing, i.e., how much
one breathes through each nostril (relative airflow). This process happens involuntarily. It follows
that it should then be possible to voluntarily modulate breathing to affect brain activity. For example,
one can voluntarily close their nose to perform uni-nostril breathing. Then the trigeminal nerve
endings in the open nostril get activated with the airflow, and in turn, the stimulus travels all the way
to the cortex via the spinal trigeminal nucleus and brainstem reticular formation, affecting cognitive
functioning and processing speed [108,109]. Studies also show that uni-nostril nasal airflow has
greater effects on the contralateral cortex [109-112]. These mechanisms form the basis of the effects
of Pranayama.

An {NIRS study reported a surprising finding about breathing and brain activity [13].
Individuals performed either right or left nostril breathing, and data were collected before and during
the process. Results showed a higher oxyHb (oxygenated hemoglobin) level in the left pre-frontal
cortex with right nostril Yoga breathing and a lower oxyHb level with left nostril Yoga breathing.
This could be due to the fact that airflow affects the contralateral cortex. The researchers substantiated
the results with arguments from both Ayurveda and modern science. In Ayurveda, a traditional ancient
Yogic view is that left nostril Yoga breathing (also termed ‘Chandra anuloma-viloma’) produces a
calming and relaxing effect, possibly brought out by lower activity in the left hemisphere. In contrast,
right nostril Yoga breathing (also termed ‘Surya anulom-aviloma’) is more activating and energizing,
possibly caused by higher activity in the left hemisphere [110]. The simile here to “Chandra” or moon
for calming and “Surya” or sun for energizing is interesting. The studies presented above show that
even in the absence of explicit meditation or focusing of attention, voluntary control of breathing is a
powerful technique for modulating brain activity. It is conceivable that specific patterns of breathing
can be designed that modulate brain activity in particular ways, sometimes in ways that are beneficial
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for attention modulation, and hence meditation. We speculate that this has led to synergy and
intertwining of breathing and meditative practices.

6. Religiosity

As mentioned in this article’s introduction, both spirituality and religiosity may involve
experiencing higher states of consciousness. However, in contrast to spirituality, religiosity is
associated with beliefs, related practices, and philosophical principles of specific religions. Many
civilizations that developed in isolation, such as the Aboriginals of Australia, also have the concept
of God and aspects of religiosity. Since they had limited connection (if any) with the rest of the world,
the possibility that religious ideas propagated from elsewhere could generally be ruled out. Thus, the
question arises whether there is any biological or evolutionary basis for religion that allows it to
evolve spontaneously in a given society. To answer this, one might ponder the possibility that our
brains are wired in a way that drives us toward believing in the existence of God or a supernatural
power to continue our survival. This is a new field of active research called neurotheology [114,115].
One study that provides some insight into this concept performed fMRI scans on two groups of
people who identified themselves as highly religious or highly non-religious [116]. The data was
acquired at NIH, Baltimore, USA, and analyzed at Auburn University, Alabama, USA.

The question probed was how religious beliefs shape one’s brain. The research group focused
not only on the brain regions that were activated during the processing of religious information but
also on the connections between those regions. Religious people showed a stronger connection
between the right medial frontal gyrus and the left inferior frontal gyrus in the frontal cortex (a region
specialized in humans) compared to non-religious people. This connection is known to be involved
in decoding the intentions of others [116]. This makes sense since one would have to attribute
intentions to a supernatural power or God to believe in a religion. It also raises the possibility that
the spontaneous evolution of religion in societies is a likely byproduct of the evolution of Theory of
Mind (ToM) abilities in humans (which are used to decode the intentions of others). Another research
group reported that the brain region (caudate) associated with the feeling of bliss is also activated
during religious prayers [117].

If religiosity has a neural basis, the question arises whether religiosity is useful to us as a living
organism. The theory of evolution suggests that traits that are useful for the long-term survival of the
organism are retained and passed on, whilst the rest are discarded slowly over generations (survival
of the fittest). If religiosity does have an evolutionary basis, then it must have some beneficial effects
that increase the survival of the human race. A few studies have addressed this question. For
example, McGowan et al. showed that having a higher purpose in life has an influence on higher
happiness and reduced stress [118]. A vast number of people find meaning in religion. Hence, the
reduced stress level arising from that can have health benefits. In another notable study, Schoenthaler
et al. investigated the effect of religiosity on relapse and remission rates of addiction [119]. The
findings suggested that the remission rates are higher for religious people, whereas the relapse rates
are higher for non-religious people. This is merely an empirical observation and does not suggest
causation. However, it is noteworthy that religious people showing higher remission rates exhibited
higher cognitive control, which may improve the organism's survival. Thus, it is reasonable to
hypothesize that religiosity may have an evolutionary basis by playing an essential role in the
survival of our species. Further large-scale studies are needed to test these hypotheses conclusively.

7. Brain and the Body

Until the previous section, the focus was solely on the brain. However, the brain cannot be seen
in isolation. The body plays a vital role in how our brain responds and vice-versa. The brain is
connected with the rest of the body via various neural pathways through the spinal cord and the
peripheral nervous system. The central nervous system is neurally connected to the periphery via
bundles of axons, and neurotransmitters, chemicals, and hormones additionally regulate these links.
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These pathways enable the brain to send signals through an electric impulse or via chemical signaling
to the body and vice-versa to control and maintain everyday functions (breathing, digestion, sensory
feelings, motor actions, etc.). One of the most critical pathways that connects the brain and the body
is the ‘gut-brain axis’, through which the brain and the enteric nervous system (related to the
intestine) communicate bidirectionally, bridging between the emotional and cognitive centers of the
brain and the intestine and its outlying areas [120]. Recent research has shown that gut microbiota
(organisms thriving in our enteric system) influences the interaction between the brain and the enteric
nervous system, and the brain can significantly influence it and be influenced by it [121]. The other
signaling pathway known as the hypothalamic pituitary adrenal axis, as shown in Figure 8, regulates
the neuroendocrine mechanisms (response to stress that in turn modulates body processes such as
digestion) [122]. The intrinsic relation between the brain and the body can be understood within the
framework of the somatic marker hypothesis that explains how feedback from the body affects
decision-making in the brain [123]. For instance, food intake, stress response, and emotional state
affect the neuroendocrine responses [124].

Besides the body, genetics can also be influenced by brain states. For example, Ravnik-Glavac et
al. showed significant differential gene expression associated with higher states of consciousness
[125]. Mindfulness meditation also has epigenetic effects, likely affecting physiological processes
throughout the body, including in the brain [126]. There are immense possibilities for further research
on the bidirectional interplay between higher states of consciousness (and mysticism in general) and
various bodily systems via multiple pathways that exist between the brain and the body [127].
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8. Conclusions

This article addresses the longstanding question of the brain basis of mysticism. We trace this
question's historical and philosophical context and prevailing skepticism on this topic in the current
society. We offer a prescription in terms of rigorous scientific research on this question to address the
skepticism. Consequently, we showcased peer-reviewed literature on various aspects of the brain
basis of mysticism. This includes both spirituality and religiosity, with the former covering practices
such as meditation, mantra/chanting, and breathing. In the end, we concluded by espousing that the
intricate relationships between the brain and body must be considered in future research endeavors
regarding the brain basis of mysticism.

Our review of the peer-reviewed scientific literature clearly suggested that research on the brain
basis of mysticism has explicit benefits to society. First, many practices that are part of mysticism also
have direct health benefits. Therefore, it has the potential to improve human health. Understanding
their mechanistic basis would be essential for their benefits to be realizable in the clinic. Next,
understanding the brain basis of mysticism will likely answer some fundamental questions that
humans have been wrestling with for ages. It is essential for the scientific enterprise to shape the
narrative on this topic with hard facts. Else, others will do so with misinformation. Science should
address them because these questions will not go away from the inquisitive human mind. We feel
that now is the right time to do so.
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