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Yoga is a mind–body practice that originated in India thousands of years ago, 
and which has extended throughout the world in recent years. As it becomes 
more popular, more studies are being conducted regarding its health benefits 
in multiple areas, including the human brain, where results have shown that it 
can reduce stress, modulate neurotransmitters, increase cerebral blood flow, 
and affect brain structure and function. This review aims to provide a synthesis 
of the current knowledge on the impact of yoga on human brain structure and 
function, through the selection and analysis of 23 international peer-reviewed 
neuroimaging studies with healthy participants. These studies were selected from 
216 results on Web of Science, PubMed and PsycInfo after applying the inclusion 
and exclusion criteria. The final set of studies employed both neuroimaging and 
neurophysiological techniques, including MRI, fMRI, and EEG. The results show 
that yoga may exert multiple effects on the brain. However, the heterogeneity of 
results may be explained by differences in sample characteristics, study designs, 
and the lack of a consistent definition of yoga and its distinction from meditation. 
Finally, the limitations of the present review are discussed, along with recommen-
dations for future research aimed at better understanding the neuropsychological 
health benefits of yoga.
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1 Introduction

Yoga is a mind–body practice with historical roots in ancient Indian traditions (Nagendra, 2008; 
Satchidananda, 2012). While traditionally embedded within a broader philosophical system, con-
temporary yoga encompasses a range of practices that are increasingly studied for their effects on 
psychological and biological functioning (Gard et al., 2014a; Schmalzl et al., 2015; van Aalst et al., 
2020). In the present review, yoga is considered primarily as a set of practices relevant to brain 
structure and function, rather than in its historical or philosophical dimensions (Afonso et al., 2021; 
Bakshi and Srivastava, 2024; Foxen and Kuberry, 2021; Davies et al., 2024).

Contemporary yoga includes diverse styles that differ in their relative emphasis on physical 
postures (asana), breath regulation (pranayama), meditation (dhyana), and sensory withdrawal 
(pratyahara) (Schmalzl et al., 2015; Cramer et al., 2016a). Some practices prioritize sustained 
postures combined with controlled breathing (e.g., Hatha-based approaches), whereas others 
focus predominantly on meditative components with minimal physical movement. More 
dynamic styles, such as Vinyasa- or Ashtanga-based practices, integrate continuous movement 
and breath coordination (Cramer et al., 2016a). These variations are relevant for neuroimaging 
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research, as different components of yoga may differentially engage 
motor, attentional, interoceptive, and self-regulatory neural systems, 
thereby contributing to heterogeneity across study findings (Gard et 
al., 2014a; van Aalst et al., 2020).

Over recent decades, yoga practice has expanded globally and 
gained widespread popularity, particularly in Europe and North 
America, largely driven by its use for health-related purposes and as a 
complementary approach to psychological and medical treatments 
(Clarke et al., 2015; Cramer et al., 2016b; Zhang et al., 2021). 
Consequently, increasing research interest has focused on the poten-
tial benefits of yoga for physical health, emotional well-being, and 
cognitive functioning (Kinser et al., 2012; Gothe et al., 2019; 
Nourollahimoghadam et al., 2021; Bhargav et al., 2024; Gautam et al., 
2024; Olex and Olex, 2018; Cramer et al., 2018).

From a neurobiological perspective, yoga has been proposed to influ-
ence brain function through multiple interacting pathways, including 
modulation of the autonomic nervous system, regulation of the hypotha-
lamic–pituitary–adrenal (HPA) axis. It has also been associated with 
changes in neural networks involved in attention, emotion regulation, and 
self-referential processing (Taylor et al., 2010; Schmalzl et al., 2015; 
Aggarwal, 2020). Several theoretical frameworks have been proposed to 
explain these effects. Taylor et al. (2010) describe an executive homeo-
static network (EHN), involving prefrontal, cingulate, and insular regions, 
which integrates cognitive, emotional, and physiological information to 
support self-regulation. Similarly, Gard et al. (2014a,b) propose a self-
regulatory model of yoga emphasizing the interaction between top-down 

cognitive control processes and bottom-up physiological regulation across 
attentional, emotional, and autonomic domains. Importantly, these 
frameworks provide conceptual models for interpreting potential effects 
of yoga practice, but they do not constitute direct empirical evidence (see 
Figures 1, 2) (Davidson et al., 2003; Li et al., 2020; Rathore et al., 2022; Kip 
and Parr-Brownlie, 2023).

An increasing number of neuroimaging studies have investigated 
the effects of yoga on brain structure and function using techniques 
such as electroencephalography (EEG), structural magnetic resonance 
imaging (MRI), and functional MRI (fMRI) (Desai et al., 2015; Fox et 
al., 2014; Gothe et al., 2018; van Aalst et al., 2020). Structural and 
functional MRI studies have reported changes in brain regions 
involved in executive control, emotional regulation, interoceptive 
awareness, and default mode network (DMN) dynamics (Gard et al., 
2014b; Villemure et al., 2015; Gothe et al., 2018; Tomasello et al., 2023; 
Konecki et al., 2016; Nayan Rishi et al., 2024).

EEG is a widely used technique to study the neural correlates of 
yoga and meditation, as it provides information about oscillatory 
brain activity associated with different cognitive and affective states 
(Bell and Cuevas, 2012; Kora et al., 2021). Previous research has 
shown that yoga and meditative practices are commonly associated 
with increases in alpha and theta activity, which have been linked to 
relaxation, internalized attention, and emotional regulation (Desai et 
al., 2015; Thomas et al., 2014; Martínez et al., 2020). In more experi-
enced practitioners, changes in higher-frequency bands such as 
gamma have also been reported, potentially reflecting enhanced 

FIGURE 1

Top-down and bottom-up regulation through yoga practice. Modified from Gard et al. (2014a,b).
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moment-to-moment awareness (Thomas et al., 2014; Martínez et al., 
2020). These findings support the relevance of EEG measures for 
examining functional brain changes related to yoga practice.

Despite the growing body of literature on the neural effects of yoga 
practice, no systematic review to date has provided an integrated synthesis 
of EEG, MRI, and fMRI findings specifically focused on healthy partici-
pants. While previous reviews have addressed aspects of yoga-related 
neuroimaging, they have either focused on single modalities or included 
mixed clinical and non-clinical populations, thereby limiting the specific-
ity of conclusions regarding yoga-related neuroplasticity in healthy brains 
(Desai et al., 2015; van Aalst et al., 2020). The present systematic review 
aims to address this gap by providing an updated and focused synthesis 
of neurophysiological and neuroimaging evidence up to 2025, with par-
ticular emphasis on functional connectivity and brain network organiza-
tion in healthy individuals.

2 Methods

2.1 Search strategy

The research question (“What structural and functional changes 
occur in healthy brains with yoga practice?”) was formulated follow-
ing the Population, Intervention, Comparison, Outcome (PICO) 
strategy.

The searches for the articles used for this review were performed on 
Web of Science, PubMed and PsycINFO on February 9, 2025, with the 
words and Boolean terms: “yoga” AND (“functional connectivity” OR 
“structural activity” OR “brain structure” OR “brain function”). There 

were no time range nor specifications set to the search, obtaining 123 
results on Web of Science, 59 results on PubMed and 34 results on 
PsycINFO, for a total of 216 articles.

This systematic literature review was conducted following the 
Preferred Reporting Items for Systematic Reviews and Meta-Analyses 
(PRISMA) guidelines, which establish a series of criteria to follow to 
assure the quality of the review (Liberati et al., 2009; Moher et al., 2009).

The restriction to English-language publications reflects standard 
practice in systematic reviews, as English is the predominant language 
of peer-reviewed journals with high methodological standards. 
Importantly, the included studies were conducted across diverse geo-
graphical and cultural contexts, including non-Western countries such 
as India—the country of origin of yoga—thereby supporting the cul-
tural breadth of the evidence synthesized in this review.

2.2 Study selection

The articles chosen for this review were screened twice: the first 
screening was of the title and abstract, and the second screening was 
of the Methods section. The selection criteria for the screening were 
as follows:

Inclusion criteria were (a) empirical published studies, (b) pub-
lished in English, Spanish, or Dutch, (c) included healthy participants, 
(d) included either an experienced yoga practitioner group and a 
novice comparison group, and/or a pre-evaluation and post-evalua-
tion of a yoga training group.

Exclusion criteria were (a) systematic reviews, meta-analyses, case 
studies, book chapters, dissertations, and protocols, (a) studies includ-
ing participants with cognitive impairment or clinical disorders, (c) 
studies without a comparison group and without pre–post evaluation, 

FIGURE 2

The interaction between the HPA pathway, cerebral blood flow and mitochondrial function. PFC, prefrontal cortex; ACC, anterior cingulate cortex; 
HPC, hippocampus; HRV, heart rate variability; AMY, amygdala, HPA axis, hypothallamic–pituitary–adrenal axis. Modified from Chiarpenello and 
Brodmann (2024).
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(d) Studies including insufficient yoga exposure (e.g., only basic 
instructions without formal training), (e) studies reporting only 
peripheral physiological measures without neuroimaging outcomes.

As shown in Figure 3, of the original 216 results, 149 were 
excluded. Of the remaining 67, 36 were duplicates, leaving 31 for the 
second screening. The second screening consisted of reading the full 
articles, with special attention to the Methods section to identify vari-
ables related to the research question: number of participants, their 
sex, age, and experience with yoga; the procedure followed, the mea-
suring instruments and the structure/function studied. Having done 
this, one study was excluded as participants were novices and received 
no formal yoga training (only basic instructions) before the measure-
ments were made; a second study was excluded due to the selection of 
novice participants with only two yoga sessions accompanied by tran-
scranial direct current stimulation (tDCS), a neuro-stimulation tech-
nique that modulates cortical excitability; one study was excluded for 
only having salivary cortisol level measurements; one study was 
excluded for being a machine learning accuracy test; one study was 

excluded for not providing sample characteristics of the healthy par-
ticipant group, only collective sample characteristics of a mixed group 
of healthy and unhealthy participants; and three more were excluded 
for having only one measure (no pre–post) of one group (without a 
comparison group).

No restrictions were applied regarding participants’ age range, the 
minimum duration or the intensity of yoga practice, or the year of 
publication, in order to provide a comprehensive synthesis of the 
available neuroimaging evidence of yoga.

During this process, some study validity criteria were taken into 
account, such as the attrition bias in the studies, which was not higher 
than 10% in any case. Another aspect was how participants were 
selected and assigned to the experimental or control group: all studies 
selected participants based on availability and, in some cases, a certain 
amount of experience with yoga, whilst the control groups (if there 
were any) were matched in age, sex, education, and other variables, 
with no experience. And, finally, in cases of doubt as to maintaining 
or discarding certain studies, experts in the field were consulted.

FIGURE 3

PRISMA flow diagram of the study selection process.
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Figure 3 summarises the screening and selection procedure, 
whilst Table 1 presents the final 23 articles’ titles, first authors, year of 
publication, journals, countries, number of citations according to 
Google Scholar in March 2025, and a code for each publication. These 
23 articles were first categorised based on if they were functional stud-
ies, structural studies, or both; following which they were analysed to 
determine their methodological aspects, such as their sample charac-
teristics, types of yoga, imaging techniques, and study design (use of 
a pre-post evaluation, use of a comparison group, yoga training dura-
tion, etc.). This methodological information, along with a summary 
of each study’s results, is reflected in the Appendix.

The methodological quality and risk of bias of the included studies 
were formally assessed using validated appraisal tools appropriate to 
each study design. Of the 23 studies included in this review, one ran-
domized controlled trial was evaluated using the Cochrane Risk of 
Bias 2 (RoB 2) tool (Sterne et al., 2019), while the remaining 22 non-
randomized studies were assessed using the ROBINS-I tool (Sterne et 
al., 2016). The results of this assessment are summarized in Table 2.

Overall, most non-randomized studies were judged to present a 
moderate risk of bias, primarily due to confounding factors and par-
ticipant self-selection into yoga practice. Importantly, bias related to 
outcome measurement was generally low, as most studies relied on 
objective neuroimaging techniques such as MRI, fMRI, or EEG. The 
single randomized controlled trial showed some concerns of bias, 
mainly related to the lack of participant blinding and the use of self-
reported psychological outcomes.

3 Results

Given the heterogeneity of the included studies, the interpretation 
of the reported neural effects required consideration of participant 
characteristics and practice-related variables. As detailed in the 
Appendix, findings varied according to participants’ level of experi-
ence, duration and intensity of yoga practice, age, and the specific type 
of yoga examined. Studies involving long-term or highly experienced 
practitioners—often with several years or decades of regular prac-
tice—more consistently reported structural and functional brain dif-
ferences, including changes in default mode network (DMN) 
organization, increased grey matter volume in regions such as the 
insula and hippocampus, and greater network integration.

In contrast, intervention and pre–post studies involving novice 
participants or short-term training programs, ranging from a few 
days to several weeks, more frequently reported state-dependent 
or training-related effects. These included reductions in anxiety 
and negative affect, decreased amygdala reactivity, and transient 
modulation of DMN activity. Participant age also appeared to 
influence the pattern of findings, with studies in older adults 
emphasizing network efficiency, resilience, and preservation of 
cognitive function. By comparison, studies with younger or mixed-
age samples more often reported changes related to emotional 
regulation, attentional control, and self-referential processing. 
Finally, the type of yoga practiced differed substantially across 
studies, with more meditative traditions being more strongly 

TABLE 1  Articles included in the systematic review.

Code First author and year Journal Cites Country

1 Barrós-Loscertales et al. (2021) Frontiers in Human Neuroscience 23 Spain

2 Dodich et al. (2019) Brain and Behavior 52 Italy

3 Fialoke et al. (2024) Scientific Reports 2 India

4 Fingelkurts et al. (2016b) Self and Identity 33 Finland

5 Fingelkurts et al. (2016a) Cognitive Processing 75 Finland

6 Gard et al. (2014a,b) Frontiers in Aging Neuroscience 161 United States

7 Gard et al. (2015) Frontiers in Human Neuroscience 96 United States

8 Gothe et al. (2018) Frontiers in Integrative Neuroscience 85 United States

9 Gotink et al. (2018) Brain Imaging and Behavior 69 Netherlands

10 Hernández et al. (2016) PLoS ONE 134 Spain

11 Hernández et al. (2018) Neuroscience 80 Spain

12 Malipeddi et al. (2024) Mindfulness 2 India

13 Martínez et al. (2020) Neuroscience 94 Argentina

14 Novaes et al. (2020) Frontiers in Psychiatry 127 Brazil

15 Pérez-Diaz et al. (2024) PLoS ONE 2 Spain

16 Santaella et al. (2019) Frontiers in Aging Neuroscience 42 Brazil

17 Shrivastava et al. (2023) Cureus 3 India

18 Simon et al. (2017) Journal of Cognitive Enhancement 17 Sweden

19 Singleton et al. (2021) Brain Sciences 12 United States

20 Thomas et al. (2014) Frontiers in Human Neuroscience 46 Australia

21 Tymofiyeva et al. (2021) NeuroImage: Clinical 25 United States

22 Villemure et al. (2015) Frontiers in Human Neuroscience 169 Canada

23 Vishnubhotla et al. (2021) Frontiers in Psychology 23 United States
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associated with DMN modulation, while more physically oriented 
practices were more often linked to hippocampal and sensorimo-
tor-related changes.

Of the 23 articles, three studied structural changes through 
MRI, 15 studied functional connectivity changes (six EEG, nine 

fMRI), and five studied both types of changes with MRI and 
fMRI. Regarding the sample characteristics, most studies had pre-
dominantly female samples, with only six studies that had more men 
than women. The average ages ranged between 16.4 and 66.5 years, 
and experience with yoga varied between none prior to the study 

TABLE 2  Methodological quality and risk of bias assessment of the included studies.

Code Study design Quality assessment 
tool

Main sources of bias Overall risk of 
bias

1 Cross-sectional (experts vs. controls) ROBINS-I
Confounding, participant 

self-selection
Moderate risk

2 Non-randomized intervention study ROBINS-I

Confounding, lack of 

randomization, self-reported 

outcomes

Moderate risk

3
Pre–post design without 

randomization
ROBINS-I

Confounding, participant 

selection
Moderate risk

4 Cross-sectional (experts vs. controls) ROBINS-I
Confounding due to prior 

experience
Moderate risk

5
Pre–post design without randomized 

control
ROBINS-I

Confounding, absence of active 

control
Moderate risk

6 Cross-sectional (experts vs. controls) ROBINS-I
Confounding (age, cognitive 

activity)
Moderate risk

7 Cross-sectional (experts vs. controls) ROBINS-I
Confounding, participant 

selection
Moderate risk

8 Cross-sectional study ROBINS-I Confounding, self-selection Moderate risk

9 Population-based observational study ROBINS-I Residual confounding Moderate risk

10 Cross-sectional (experts vs. controls) ROBINS-I Lifestyle-related confounding Moderate risk

11
Cross-sectional + meditation state 

comparison
ROBINS-I

Confounding, participant 

selection
Moderate risk

12
Cross-sectional (experts, novices, 

controls)
ROBINS-I

Confounding by level of 

experience
Moderate risk

13 Cross-sectional study ROBINS-I
Confounding, participant 

selection
Moderate risk

14 Randomized controlled trial RoB 2
Lack of blinding, self-reported 

outcomes
Some concerns

15 Cross-sectional (experts vs. controls) ROBINS-I
Confounding, participant 

selection
Moderate risk

16 Cross-sectional (older adults) ROBINS-I
Healthy aging-related 

confounding
Moderate risk

17
Cross-sectional (experts, novices, 

controls)
ROBINS-I High confounding Moderate risk

18 Non-randomized pilot study ROBINS-I
Selection bias, lack of 

preregistration
Moderate risk

19 Cross-sectional (experts vs. controls) ROBINS-I Psychosocial confounding Moderate risk

20 Cross-sectional (experts vs. novices) ROBINS-I
Confounding, participant 

selection
Moderate risk

21
Non-randomized longitudinal 

intervention
ROBINS-I

Confounding, mixed outcome 

measures
Moderate risk

22 Cross-sectional study ROBINS-I
Confounding, participant 

selection
Moderate risk

23
Intensive non-randomized 

intervention
ROBINS-I

Confounding, participant 

selection
Moderate risk
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training and a maximum experience of 30 years. Sahaja Yoga 
Meditation (SYM) was the most studied type of yoga (five studies), 
followed by investigations that studied multiple types of yoga (four 
studies).

Regarding functional neuroimaging paradigms, the included 
studies were differentiated based on whether they employed resting-
state conditions or other acquisition paradigms. Resting-state para-
digms were used in studies examining spontaneous brain activity or 
functional connectivity in the absence of an explicit task (Barrós-
Loscertales et al., 2021; Fingelkurts et al., 2016b; Fingelkurts et al., 
2016a; Gard et al., 2014a,b; Gard et al., 2015; Martínez et al., 2020; 
Santaella et al., 2019; Thomas et al., 2014; Villemure et al., 2015). In 
contrast, the remaining studies employed task-based paradigms, med-
itation- or practice-induced states, baseline-plus-meditation designs, 
or structural neuroimaging approaches, and therefore do not consti-
tute resting-state paradigms (Dodich et al., 2019; Fialoke et al., 2024; 
Gothe et al., 2018; Gotink et al., 2018; Hernández et al., 2016; 
Hernández et al., 2018; Malipeddi et al., 2024; Novaes et al., 2020; 
Pérez-Diaz et al., 2024; Shrivastava et al., 2023; Simon et al., 2017; 
Singleton et al., 2021; Tymofiyeva et al., 2021; Vishnubhotla et 
al., 2021).

3.1 Structural changes

In total, eight studies analysed structural changes in the human 
brain with yoga practice, which can be divided into WM changes and 
GM changes, summarised in Figure 4.

3.1.1 White matter changes

Only one study (Pérez-Diaz et al., 2024) focused on the white matter 
(WM) changes, noting that in five of the seven WM paths analysed, 
people with experience in yoga had a higher number of tracts, such as 
between both amygdalae and the left anterior cingulate cortex (ACC). In 
the remaining two paths, yoga practitioners had a lower number of tracts 
than inexperienced participants, including in the left anterior insula (AI).

3.1.2 Grey matter changes

Of the seven studies that analysed GM changes, two found that 
the total intracranial volume did not change between yoga practitio-
ners and non-practitioners (Gotink et al., 2018; Hernández et al., 
2016), despite there being some GM volume changes in certain areas, 
such as a decrease in right amygdala GM volume (Gotink et al., 2018), 
and an increase in GM volume stretching from the right AI to the 
right ventromedial orbitofrontal cortex (vmOFC), which correlated 
positively with depth of mental silence and daily frequency of thought-
less awareness (Hernández et al., 2016).

Other GM volume changes are varied among the studies. For 
example, two studies found an increase in volume for the insula, one 
in left AI clusters (Hernández et al., 2016) and the other in the left mid-
insula (Villemure et al., 2015) both correlating positively with amount 
of experience. This latter study also found increases in the left frontal 
operculum, the right middle temporal gyrus (both of which correlated 
positively with experience), the right primary visual cortex, the 

FIGURE 4

Structural changes in the human brain with yoga practice. L, left; R, right; WM, white matter. Only statistically significant results are shown.
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posterior cingulate cortex (PCC), and the right superior parietal lobule 
(all three of which had a positive correlation with weekly practice).

There were contradictory results regarding the GM volume of the 
left hippocampus in yoga practitioners, with two studies finding an 
increase in volume that correlated with amount of practice (Gothe et 
al., 2018; Villemure et al., 2015), whilst one other found a decrease in 
volume with no significant correlations (Gotink et al., 2018).

One study analysed cortical thickness in yoga practitioners 
(Singleton et al., 2021), finding increases in the left isthmus cingulate, 
the precuneus and the PCC, all of which presented a positive correla-
tion with total weighted scores for ego development in the Maturity 
Assessment Profile (MAP). Another study (Dodich et al., 2019) found 
an increase in GM density in the right inferior frontal gyrus, correlat-
ing with increased self-reported well-being.

3.2 Functional connectivity changes

A total of 20 studies analysed functional connectivity (FC) 
changes in the human brain with yoga practice, through EEG mea-
surements and fMRI measurements.

3.2.1 Electroencephalogram results

As shown in Figure 5, six studies used EEG as their imaging 
technique. Two studies (Fingelkurts et al., 2016b; Fingelkurts et 
al., 2016a) analysed changes in operational synchrony (OS), with 
one finding a decrease in global Default Mode Network (DMN) 
OS (Fingelkurts et al., 2016a), and both finding an increase in OS 
in the frontal DMN operational module and a decrease in the 
bilateral posterior DMN operational module. These changes in 
DMN activity correlated with self-reported calmness, happiness, 
self-agency, simpler subjective experiences and slower 
thought speed.

Another two investigations studied changes in frequency band 
power (Malipeddi et al., 2024; Shrivastava et al., 2023). Shrivastava 
et al. (2023) reported an increase in alpha, delta and theta band 
power in the prefrontal cortex (PFC) in all states. Malipeddi et al. 
(2024) found larger increases in the yoga group compared to the 
control group in different bands for different areas () depending 
on the state the participants were in. Specifically, in the medita-
tion state, experienced practitioners had no change in band power, 

FIGURE 5

EEG results of functional connectivity changes in the human brain with yoga practice. DMN, default mode network; PFC, prefrontal cortex; R, right; S1, 
primary somatosensory cortex. Only statistically significant results are shown.
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whilst novices and non-practitioners had reduced band power. 
These band power results correlated positively with self-reported 
well-being, meditation depth, and non-attachment in practitio-
ners, whilst controls reported higher drowsiness, stress, mental 
distress and mind-wandering.

Of the remaining two EEG studies (Martínez et al., 2020; 
Thomas et al., 2014), one focused on sample entropy (SE) changes 
(Martínez et al., 2020), finding increases in global alpha, frontal 
low gamma and centro-frontal high gamma bands in a meditation 
group, and an increase in high gamma in a Hatha Yoga group. The 
second study (Thomas et al., 2014) focused on current source den-
sity (CSD), finding increases in beta and gamma bands in experi-
enced yoga practitioners compared to novice practitioners; and 
increases in alpha1, alpha2, delta and theta bands in novice yoga 
practitioners, compared to experienced practitioners. Novice 
practitioners reported higher meditation depth than experienced 
practitioners, with the biggest difference during the mantra condi-
tion, which is when alpha1 activity was highest in novices.

3.2.2 Functional magnetic resonance imaging 
results

As summarised in Figure 6, there were 14 fMRI studies included 
in this review. Three studies (Fialoke et al., 2024; Simon et al., 2017; 
Vishnubhotla et al., 2021) found a decrease in DMN structural activ-
ity, specifically in the PCC (Fialoke et al., 2024; Simon et al., 2017), the 
pregenual ACC, the precuneus, the medial prefrontal cortex (mPFC) 
and both inferior parietal lobes. One study (Fialoke et al., 2024) found 
no DMN deactivation despite an increase in auditory and motor 
region activity. Another study (Tymofiyeva et al., 2021) found a 
decrease in right amygdala activation. All other structural activation 
and FC results are varied, with no coincidences nor contradictions 
between studies.

Regarding decreases in connectivity, one study (Vishnubhotla et 
al., 2021) found a reduction in FC pathways within the DMN, the 
dorsal attention network (DAN) and the salience network (SN); and 
other studies found FC decreases from the right angular gyrus to the 

FIGURE 6

fMRI results of functional connectivity changes in the human brain with yoga practice. R, right; L, left; RS, resting state; MS, meditation state; FC, 
functional connectivity. Only statistically significant results are shown.
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left occipital cortex (Barrós-Loscertales et al., 2021), the left insula to 
the mid cingulate cortex (Barrós-Loscertales et al., 2021), and the ros-
tral ACC to the thalamus (Hernández et al., 2018), among others.

Increases in structural activity were found in the insula, the right 
inferior fronto-insular region and the right angular gyrus. Some of the 
FC pathways with increases include: both amygdalae to the left ACC, 
the left ventrolateral prefrontal cortex (vlPFC) to the right dorsolateral 
prefrontal cortex (dlPFC), the mPFC to the right angular gyrus, the 
left insula to the right insula, the left amygdala to the right amygdala, 
the PCC to the precuneus, the PCC to the left inferior frontal cortex, 
the PCC to the right dorsomedial prefrontal cortex (dmPFC), and the 
PCC to the temporoparietal junction (TPJ).

These studies also investigated the psychological effects of those 
changes through different questionnaires and tasks. Five studies 
(Dodich et al., 2019; Fialoke et al., 2024; Gotink et al., 2018; Hernández 
et al., 2018; Novaes et al., 2020) found improved emotional regulation, 
through changes in structural activity and FC in and between regions 
such as the ACC, PCC, PFC, amygdalae, precuneus and insular and 
limbic regions; four studies (Barrós-Loscertales et al., 2021; Dodich et 
al., 2019; Malipeddi et al., 2024; Novaes et al., 2020) reported improved 
executive/cognitive control, through changes in structural activity and 
FC in and between regions such as the PFC, fronto-insular regions, 
and insular-cingulate pathways; three studies (Barrós-Loscertales et 
al., 2021; Fialoke et al., 2024; Hernández et al., 2018) found decreased 
mind-wandering through changes in structural activity and FC in and 
between regions such as the mPFC and the ventral attention network; 
three studies (Barrós-Loscertales et al., 2021; Dodich et al., 2019; 
Hernández et al., 2018) found an improvement in attention control 
through changes in structural activity and FC in and between regions 
such as the dorsal attention network and ventral attention network, 
and cingulo-insular and cingulo-amygdalar regions.

Two studies (Fialoke et al., 2024; Simon et al., 2017) found 
reduced self-referential processing through changes in structural 
activity and FC in and between regions such as the PCC and precu-
neus; one study (Hernández et al., 2018) reported increased mental 

silence through cluster activation in the ACC and the mPFC; one 
study (Gothe et al., 2018) found increased working memory efficiency 
through a reduced need to recruit the dlPFC for cognitive processing; 
and one study (Dodich et al., 2019) reported increased well-being, 
alongside changes in cognitive control and attentional allocation. 
There were contradictory results regarding stress levels, with one study 
(Gotink et al., 2018) finding that yoga practitioners had higher base-
line self-reported stress levels than the average population, and 
another study (Malipeddi et al., 2024) finding that yoga practice 
reduces self-reported stress levels.

Other results include an increase in network integration and resil-
ience (Gard et al., 2014a,b; Santaella et al., 2019), as well as an increase 
in small-worldness and efficiency, and a decrease in path length.

4 Discussion

The aim of this systematic review was to gain insight into the cur-
rent literature regarding the effect that yoga has on brain structure and 
brain function in healthy individuals.

To facilitate the integration and comparison of findings across 
studies, a cross-study synthesis table was constructed (Table 3). This 
table summarizes the main neural effects reported across neuroimag-
ing modalities, highlighting consistent and divergent patterns in rela-
tion to brain regions, networks, and associated psychological domains. 
Across studies, the most recurrent findings include modulation of 
default mode network activity and connectivity, alterations in limbic 
structures—particularly reduced amygdala reactivity and variable hip-
pocampal structural changes. In addition, both functional and struc-
tural involvement of prefrontal, cingulate, and insular regions linked 
to executive control, emotional regulation, and interoceptive aware-
ness were consistently reported (Gard et al., 2014b; Villemure et al., 
2015; Gothe et al., 2018; van Aalst et al., 2020). The table also illus-
trates that these effects vary systematically according to participant 

TABLE 3  Cross-study neuroimaging patterns associated with yoga practice.

Imaging modality Convergent brain 
regions/networks

Recurring pattern 
across studies

Code Evidence

EEG
Frontal and fronto-central regions; 

posterior DMN-related sites

Increased alpha and theta 

activity; gamma modulation 

mainly reported in experienced 

practitioners

Studies 3, 6, 9, 14

Patterns vary according to yoga 

style, practitioner expertise, and 

EEG metric (power, synchrony, 

entropy)

fMRI (resting-state)

Default mode network (DMN); 

prefrontal cortex (PFC); anterior 

cingulate cortex (ACC); insula–

limbic connectivity

Altered functional connectivity, 

often interpreted as reduced 

DMN dominance and 

enhanced regulatory control

Studies 2, 5, 8, 11, 17

Direction and strength of effects 

depend on preprocessing 

pipelines and seed-based vs. 

network-level analyses

fMRI (task/meditation)
PFC, ACC, insula, hippocampus, 

and amygdala

State-dependent modulation of 

activation and connectivity 

during attention or emotion 

regulation tasks

Studies 1, 4, 10, 15

Strongly influenced by task 

paradigm and baseline 

condition

Structural MRI
PFC/ACC; hippocampus; insula; 

temporal–parietal regions

Differences in gray matter 

volume, cortical thickness, or 

density in regions related to 

self-regulation and emotional 

processing

Studies 7, 12, 16, 18, 21

Evidence is predominantly 

cross-sectional; longitudinal 

findings remain limited
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experience, study design, and type of yoga practice, with long-term 
practitioners showing more trait-like structural and network-level 
adaptations, and short-term or intervention studies more frequently 
reporting state-dependent functional changes (Fingelkurts et al., 
2016a; Fingelkurts et al., 2016b; Dodich et al., 2019; Santaella et al., 
2019). By organizing results across these dimensions, the table pro-
vides an integrative overview. It complements the narrative synthesis, 
supports interpretation within existing theoretical frameworks, and 
underscores the methodological heterogeneity characterizing the cur-
rent literature.

Overall, standardized effect sizes reported across the included 
studies were predominantly large, with fewer moderate effects and 
only a small number of small effects (Table 4). Large effects were more 
frequently observed in intervention studies and in samples of experi-
enced practitioners, whereas moderate effects were mainly associated 
with correlational analyses. Notably, several studies did not report 
effect sizes, particularly those employing voxel-wise neuroimaging 
analyses or machine-learning approaches. This lack of reporting limits 
quantitative comparability across findings and underscores the impor-
tance of improved reporting consistency in future studies.

The findings of this systematic review can be understood within 
existing theoretical models proposing that yoga influences brain func-
tion through the interaction of top-down cognitive control mecha-
nisms and bottom-up physiological regulation processes (Taylor et al., 
2010; Gard et al., 2014a,b). Across neuroimaging modalities, conver-
gent patterns emerged in brain regions and networks involved in 
executive control, emotional regulation, interoceptive awareness, and 
self-referential processing, including prefrontal, cingulate, insular, 
limbic, and default mode network regions (Gard et al., 2014b; 
Villemure et al., 2015; Gothe et al., 2018).

These patterns are broadly consistent with the executive homeo-
static network proposed by Taylor et al. (2010), which emphasizes the 
integrative role of the PFC, ACC, and insula in regulating cognitive, 
emotional, and physiological processes. Similarly, the observed modu-
lation of attentional networks, DMN dynamics, and autonomic-
related regions aligns with the self-regulatory framework described by 
Gard et al. (2014a,b), which highlights coordinated regulation across 
attentional, emotional, and physiological domains. However, given the 
heterogeneity, the findings reviewed here should be interpreted as 
compatible with these theoretical frameworks rather than as direct 
empirical tests of the models. Despite substantial variability across 
studies, several convergent findings were identified. Specifically, three 
studies consistently reported reduced structural DMN activity in yoga 
practitioners compared to non-practitioners; two studies found 
decreased right amygdala activity; two studies reported increased 
operational synchrony in the frontal DMN alongside decreased syn-
chrony in bilateral posterior DMN regions; and two studies observed 
increased gray matter volume in the left hippocampus (Fingelkurts et 
al., 2016a; Fingelkurts et al., 2016b; Santaella et al., 2019; Gotink et al., 
2018; Villemure et al., 2015). In contrast, one study reported a decrease 
in hippocampal gray matter volume, highlighting the presence of 
divergent structural findings (Gotink et al., 2018).

Most other functional and structural results neither converged 
nor directly contradicted one another, which is likely attributable to 
multiple methodological factors. These include differences in sample 
characteristics (e.g., size, age, and level of yoga experience), study 
designs (e.g., intervention versus observational, pre–post versus cross-
sectional, presence or absence of control groups), heterogeneity in 
yoga styles, and the lack of consensus regarding the definition of yoga 

and its distinction from meditation (Cramer et al., 2016a; Schmalzl et 
al., 2015; van Aalst et al., 2020). Additionally, technical challenges 
associated with acquiring neuroimaging data during asana practice 
further constrain the direct assessment of certain yoga components 
(Desai et al., 2015).

Regarding limbic and hippocampal structural findings, an appar-
ent contradiction emerges across studies. Some report increased hip-
pocampal volume, whereas others report reduced hippocampal and 
amygdala volume. This discrepancy may be partly explained by differ-
ences in study design and practice operationalization. The study 
reporting increased hippocampal volume was based on a small case–
control design with a relatively homogeneous sample of yoga practi-
tioners and conceptualized yoga as an active mind–body practice, 
likely emphasizing postural and movement-based components 
(Villemure et al., 2015). These components engage memory, spatial 
navigation, and sensorimotor integration processes, which are closely 
linked to hippocampal structure (Villemure et al., 2015; Rivest-
Gadbois and Boudrias, 2019). In contrast, the findings of reduced 
amygdala and hippocampal volume were derived from a large popu-
lation-based cohort study that grouped meditation, yoga, and breath-
ing practices under a single exposure variable without distinguishing 
between contemplative and physically active techniques (Gotink et al., 
2018). Such heterogeneity may reflect the inclusion of practices target-
ing emotional regulation and stress reduction. These processes are 
more closely associated with amygdala plasticity (Kinser et al., 2012; 
Schmalzl et al., 2015).

Similarly, inconsistencies in DMN-related findings appear to be 
strongly influenced by methodological differences. Reduced DMN 
connectivity is primarily observed during meditation-based practices, 
reflecting state-dependent effects, whereas resting-state studies in 
experienced practitioners more often report functional reorganization 
of DMN subcomponents rather than uniform suppression (Simon et 
al., 2017; Fingelkurts et al., 2016a; Santaella et al., 2019). These differ-
ences are closely related to the distinction between state and trait 
effects, as well as to participants’ level of experience (Fingelkurts et al., 
2016b; Gard et al., 2014a).

Additional variability arises from differences in the operational 
definition of yoga and meditation. Some studies focus predominantly 
on contemplative techniques, while others include broader yoga prac-
tices integrating movement and breathing components, which may 
engage distinct neural processes (Schmalzl et al., 2015; Cramer et al., 
2016a). Furthermore, lifestyle changes commonly associated with 
long-term practice—such as increased physical activity, enhanced 
stress awareness, or altered coping strategies—are rarely controlled for 
in neuroimaging studies. These factors may influence brain network 
organization, particularly DMN dynamics, especially in population-
based designs (Villemure et al., 2015; van Aalst et al., 2020).

Notably, studies reporting higher perceived stress among yoga or 
meditation practitioners correspond to large population-based obser-
vational designs, whereas reductions in stress are primarily reported 
in intervention or pre–post studies assessing changes over time 
(Clarke et al., 2015; Zhang et al., 2021; Kinser et al., 2012). Beyond 
differences in study design, this apparent discrepancy may be 
explained by participant self-selection, as individuals experiencing 
higher baseline stress may be more likely to initiate yoga or meditation 
practices as coping strategies (Cramer et al., 2016b; 
Nourollahimoghadam et al., 2021). Differences in stress measure-
ment—ranging from single-item self-reports to validated psychomet-
ric instruments—may further contribute to divergent findings (Birdee 
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TABLE 4  Standardized effect sizes reported across included studies.

Code Relationship/outcome 
assessed

Effect size(s) (r, R2, η2) Interpretation

1
Cognitive control (Simon task) and 

FC–behavior association

r = 0.34 (Simon task); r = −0.46 (insula–

cingulate FC ↔ interference)
Moderate to moderate–large

2

Training-related structural changes 

(group × time) and well-being–brain 

associations

η2p ≈ 0.38 (GM changes); r = 0.62–0.72 (well-

being ↔ brain measures)
Large to very large

3

Meditation experience ↔ DMN 

functional connectivity during Yoga 

Nidra

r = −0.31 to −0.35 Moderate

4
DMN operational synchrony (frontal ↑, 

posterior ↓)
r ≈ 0.52 (estimated, Wilcoxon) Large

5
Pre–post changes in EEG functional 

connectivity within the DMN
p < 0.05–0.001 Significant changes

6
Group differences in cognition and 

functional network organization

η2p = 0.17–0.24 (network metrics); r = 0.29–

0.37 (mindfulness ↔ networks/cognition)
Moderate to large

7
Caudate functional connectivity (degree 

centrality)
r = 0.45–0.73 (derived from t) Moderate to very large

8

Differences in left hippocampal gray 

matter volume and task-related 

activation between yoga practitioners 

and controls

t(24) = −2.57, p = 0.017; d = −0.85 Large

9

Association between meditation/yoga 

practice and right amygdala volume, 

including longitudinal change

β = −31.8 mm3 (p = 0.005); β = −24.4 mm3 

(p = 0.031)
Significant associations

10

Differences in whole-brain and regional 

gray matter volume between long-term 

meditators and controls

F = 10.45 (p = 0.002) Significant statistics

11
Mental silence ↔ rACC functional 

connectivity

r = 0.80–0.83 (positive FC); r = −0.67 (negative 

FC)
Large to very large

12
Isha Yoga practice (novice vs. advanced 

vs. controls) → EEG oscillatory power
Cluster-level t-values ≈ 3.0–5.0, p < 0.05 Robust EEG differences

13
Group differences in EEG entropy and 

post-hoc comparisons

η2 = 0.41–0.44 (entropy); r = 0.38–0.51 (post-

hoc)
Moderate–large to large

14
Clinical and neurofunctional changes 

following pranayama

r = 0.55–0.72 (clinical change ↔ brain 

measures)
Large

15
Frequency of mental silence ↔ ACC–

amygdala connectivity
r ≈ −0.44 Moderate

16
Group differences in resting-state 

functional connectivity within the DMN
p < 0.05 (FWE-corrected)

Significant evidence of changes in 

functional connectivity

17

Discrimination between Rajayoga 

meditators with different levels of 

experience

Accuracy = 84.7%, sensitivity = 83.3% High classification performance

18

Differences in prefrontal EEG functional 

connectivity and network organization 

across meditation states and practitioner 

groups

p < 0.05–0.001 Significant network changes

19
DMN suppression following mantra 

meditation training
η2p ≈ 0.75–0.82 Very large

(Continued)
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et al., 2015; Kinser et al., 2012). Finally, lifestyle factors associated with 
yoga and meditation practice are seldom controlled for and may inde-
pendently influence reported stress levels (Villemure et al., 2015; van 
Aalst et al., 2020).

The structural findings reported by Pérez-Diaz et al. (2024) may 
be particularly relevant in light of the established role of amygdala–
anterior cingulate interactions in emotional processing and regulatory 
control. The ACC has been described as a central node within execu-
tive and affective regulatory networks (Taylor et al., 2010; Gard et al., 
2014a,b), and its bidirectional connections with the amygdala are 
considered important for top-down modulation of emotional 
responses. Thus, increased white matter tracts between these regions 
in experienced practitioners could reflect enhanced structural integra-
tion within limbic–prefrontal pathways associated with emotion regu-
lation. Conversely, reduced tract numbers involving the anterior 
insula may be associated with differential engagement of interoceptive 
and salience-processing networks, which are also implicated in self-
regulatory mechanisms (Lou et al., 2011; Schmalzl et al., 2015). The 
contradictory findings regarding left hippocampal volume are note-
worthy. Gothe et al. (2018) and Villemure et al. (2015) reported 
increases associated with practice, whereas Gotink et al. (2018) 
reported decreases without significant correlations. These discrepan-
cies are particularly relevant given the established role of the hippo-
campus in memory processes, stress regulation, and neuroplasticity 
(Taylor et al., 2010; Chen, 2024). The positive associations with prac-
tice may reflect experience-dependent structural plasticity, whereas 
inconsistencies across studies could be explained by methodological 
differences, including sample size and study design, as well as vari-
ability in stress levels or practice characteristics.

Overall, the findings of the present review are broadly consistent 
with self-regulatory models of yoga practice, particularly the frame-
work proposed by Gard et al. (2014a,b). Across studies, yoga-related 
changes in emotional regulation, cognitive control, and attentional 
processes were most consistently associated with structural and func-
tional connectivity alterations in regions such as the insula, prefrontal 
cortex, and cingulate cortex (Gard et al., 2014b; Gothe et al., 2018; 
Santaella et al., 2019). These regions form part of large-scale networks 
supporting attention, self-monitoring, and top-down regulation. 
However, discrepancies remain regarding the specific subregions 
involved, with some studies linking emotional regulation to anterior 
cingulate connectivity and others emphasizing posterior cingulate or 
default mode network involvement (Hernández et al., 2018; Simon et 

al., 2017). In addition, accumulating evidence suggests that different 
components of yoga may exert distinct neurobiological effects, as pos-
tural practice, breathing exercises, and meditation engage partially 
overlapping but functionally specific neural systems (Villemure et al., 
2015; Schmalzl et al., 2015). Despite this variability, the overall pattern 
of findings supports the interpretation of yoga-related neural effects 
within a distributed self-regulatory framework (Gard et al., 2014a; 
Villemure et al., 2015).

Another review focused on brain waves and structural activation 
(Desai et al., 2015), finding that brain wave activity increased, espe-
cially in the frontal cortex, which is consistent with the EEG findings 
in the current review and further supports the involvement of prefron-
tal regions in yoga practice.

Taken together, these findings have both theoretical and practi-
cal implications. The recurrent structural and functional involve-
ment of prefrontal, cingulate, insular, hippocampal, and default 
mode regions suggests that yoga, as a multimodal mind–body prac-
tice, may be associated with experience-dependent neuroplastic 
adaptations within distributed brain networks supporting self-reg-
ulation, interoception, and cognitive–emotional integration. Rather 
than reflecting isolated regional effects, the overall pattern is consis-
tent with models proposing dynamic interactions between top-down 
executive systems and bottom-up limbic and interoceptive pathways, 
thereby aligning with contemporary models of large-scale brain net-
work organization in contemplative practices. At the same time, the 
heterogeneity observed across studies highlights the need for more 
research, and clearer operational definitions of yoga interventions, 
systematic differentiation of postural, breathing, and meditative 
components, consistent reporting of standardized effect sizes. Future 
research should prioritize adequately powered longitudinal and con-
trolled neuroimaging designs to clarify the magnitude, specificity, 
and temporal trajectory of yoga-related neural changes. The selec-
tion of articles reviewed leads to believe that, despite the possible 
limitations, there is sufficient evidence to recommend the practice 
of yoga for stress awareness, stress management, and emotional 
regulation.

The primary limitation of this review is the substantial method-
ological heterogeneity across the included studies, both in terms of 
the neuroimaging techniques employed and the methodological 
approaches adopted. The studies vary widely with respect to imaging 
modality (EEG, structural MRI, and fMRI), experimental design 
(cross-sectional, pre–post, and intervention studies), analytic 

TABLE 4  (Continued)

Code Relationship/outcome 
assessed

Effect size(s) (r, R2, η2) Interpretation

20
Psychosocial development and DMN 

connectivity

η2p = 0.53 (development); r ≈ 0.50 

(DMN ↔ development)
Large to very large

21

Group differences in EEG source activity 

between intermediate and advanced 

Satyananda Yoga

Voxel-wise F statistics ≈ 1.9–2.0, p < 0.05 Statistically significant

22
Anxiety levels and amygdala 

connectivity
r = 0.65 Large

23
Meditation experience/practice ↔ gray 

matter volume
r = 0.52–0.91; R2 = 0.54–0.81 Large to very large

Some studies did not report standardized effect sizes but provided statistical comparison measures (e.g., t/F statistics, corrected p-values, or classification metrics) indicating significant group 
or state differences without quantifying effect magnitude.
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strategies, and outcome measures. This variability precludes a 
straightforward and unified synthesis of the literature and makes it 
difficult to draw clear, overarching conclusions. Such heterogeneity, 
while reflecting the current state of the field, limits direct compara-
bility across studies. Additional limitations include the time con-
straints inherent to conducting a review of this scope within the 
context of an academic thesis. These constraints restricted the extent 
of additional analyses that could be performed. Finally, study selec-
tion was not conducted entirely through a peer-based consensus 
process, raising the possibility that some relevant studies may have 
been inadvertently excluded.

The main conclusion of this review is that there are inconsis-
tent results regarding the impact of yoga on brain structure and 
function in healthy individuals due to methodological differences, 
thus, the main recommendations for future studies around the 
neuropsychological effects of yoga are to clarify the definition of 
yoga and to establish a more homogenous methodology between 
studies of the same kind of neuroimaging technique (i.e., similar 
methodologies for all MRI studies, similar methodologies for all 
fMRI studies, etc.). Another recommendation is to differentiate 
between the different components of yoga, as Villemure et al. 
(2015) indicate that postures, breathing exercises and meditation 
have different effects.

Data availability statement

The original contributions presented in the study are included in 
the article/Supplementary Figures, further inquiries can be directed to 
the corresponding author.

Author contributions

LS: Conceptualization, Data curation, Formal analysis, 
Methodology, Visualization, Writing – original draft, Writing – review 
& editing. SA-S: Methodology, Supervision, Validation, Writing – 
review & editing. PD: Validation, Writing – review & editing, Formal 
analysis, Methodology, Visualization. IM-M: Conceptualization, 
Supervision, Validation, Writing – review & editing.

Funding

The author(s) declared that financial support was not received for 
this work and/or its publication.

Conflict of interest

The author(s) declared that this work was conducted in the 
absence of any commercial or financial relationships that could be 
construed as a potential conflict of interest.

Generative AI statement

The author(s) declared that Generative AI was not used in the 
creation of this manuscript.

Any alternative text (alt text) provided alongside figures in this 
article has been generated by Frontiers with the support of artificial 
intelligence and reasonable efforts have been made to ensure accuracy, 
including review by the authors wherever possible. If you identify any 
issues, please contact us.

Publisher’s note

All claims expressed in this article are solely those of the authors 
and do not necessarily represent those of their affiliated organizations, 
or those of the publisher, the editors and the reviewers. Any product 
that may be evaluated in this article, or claim that may be made by its 
manufacturer, is not guaranteed or endorsed by the publisher.

Supplementary material

The Supplementary material for this article can be found online 
at: https://www.frontiersin.org/articles/10.3389/fnins.2026.1718808/
full#supplementary-material

References
Afonso, R. F., Santaella, D. F., and Kozasa, E. H. (2021). “Yoga and aging: neurobiological 
benefits,” in Handbook of Research on Evidence-based Perspectives on the Psychophysiology 
of Yoga and its Applications, eds. S. Telles and R. K. Gupta (Hershey, PA, USA: Medical 
Information Science Reference/IGI Global), 317.

Aggarwal, A. (2020). Hypothalamo-pituitary-adrenal axis and brain during stress, yoga 
and meditation: a review. Int. J. Health Clin. Res. 3: 96–103. Available online at: https://
www.ijhcr.com/index.php/ijhcr/article/view/237

Bakshi, K., and Srivastava, V. (2024) in Neuroscience of Yoga, ed. A. Anand (Singapore: 
Springer Nature Singapore).

Barrós-Loscertales, A., Hernández, S. E., Xiao, Y., González-Mora, J. L., and Rubia, K. 
(2021). Resting state functional connectivity associated with Sahaja yoga meditation. 
Front. Hum. Neurosci. 15:614882. doi: 10.3389/fnhum.2021.614882

Bell, M. A., and Cuevas, K. (2012). Using EEG to study cognitive development: issues and 
practices. J. Cogn. Dev. 13, 281–294. doi: 10.1080/15248372.2012.691143

Bhargav, H., Holla, B., Mahadevan, J., Jasti, N., Philip, M., Sharma, P., et al. (2024). Opioid 
use disorder and role of yoga as an adjunct in management (OUDARYAM): study 

protocol for a randomized controlled trial. Wellcome Open Res 9:4. doi: 10.12688/
wellcomeopenres.19392.1

Birdee, G. S., Sohl, S. J., and Wallston, K. (2015). Development and psychometric proper-
ties of the yoga self-efficacy scale (YSES). BMC Complement. Altern. Med. 16:3. doi: 
10.1186/s12906-015-0981-0

Chen, Q. (2024). Neurobiological and anti-aging benefits of yoga: a comprehensive review 
of recent advances in non-pharmacological therapy. Exp. Gerontol. 196:112550. doi: 
10.1016/j.exger.2024.112550

Chiarpenello, C., and Brodmann, K. (2024). What can the psychoneuroimmunology of 
yoga teach us about depression’s psychopathology? Brain Behav Immun Health 42:100877. 
doi: 10.1016/j.bbih.2024.100877

Clarke, T. C., Black, L. I., Stussman, B. J., Barnes, P. M., and Nahin, R. L. (2015). Trends 
in the use of complementary health approaches among adults: United States, 2002-2012. 
Available online at: http://www.ncbi.nlm.nih.gov/pubmed/25671660

Cramer, H., Lauche, R., Langhorst, J., and Dobos, G. (2016a). Is one yoga style better 
than another? A systematic review of associations of yoga style and conclusions in 

https://doi.org/10.3389/fnins.2026.1718808
https://www.frontiersin.org/journals/neuroscience
https://www.frontiersin.org
https://www.frontiersin.org/articles/10.3389/fnins.2026.1718808/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fnins.2026.1718808/full#supplementary-material
https://www.ijhcr.com/index.php/ijhcr/article/view/237
https://www.ijhcr.com/index.php/ijhcr/article/view/237
https://doi.org/10.3389/fnhum.2021.614882
https://doi.org/10.1080/15248372.2012.691143
https://doi.org/10.12688/wellcomeopenres.19392.1
https://doi.org/10.12688/wellcomeopenres.19392.1
https://doi.org/10.1186/s12906-015-0981-0
https://doi.org/10.1016/j.exger.2024.112550
https://doi.org/10.1016/j.bbih.2024.100877
http://www.ncbi.nlm.nih.gov/pubmed/25671660


Stoelers et al.� 10.3389/fnins.2026.1718808

Frontiers in Neuroscience 15 frontiersin.org

randomized yoga trials. Complement. Ther. Med. 25, 178–187. doi: 10.1016/j.
ctim.2016.02.015

Cramer, H., Ostermann, T., and Dobos, G. (2018). Injuries and other adverse events asso-
ciated with yoga practice: a systematic review of epidemiological studies. J. Sci. Med. Sport 
21, 147–154. doi: 10.1016/j.jsams.2017.08.026

Cramer, H., Ward, L., Steel, A., Lauche, R., Dobos, G., and Zhang, Y. (2016b). Prevalence, 
patterns, and predictors of yoga use: results of a U.S. nationally representative survey. Am. 
J. Prev. Med. 50, 230–235. doi: 10.1016/j.amepre.2015.07.037

Davidson, R. J., Kabat-Zinn, J., Schumacher, J., Rosenkranz, M., Muller, D., Santorelli, S. F., 
et al. (2003). Alterations in brain and immune function produced by mindfulness medita-
tion. Psychosom. Med. 65, 564–570. doi: 10.1097/01.PSY.0000077505.67574.E3

Davies, J. N., Faschinger, A., Galante, J., and Van Dam, N. T. (2024). Prevalence and 
20-year trends in meditation, yoga, guided imagery and progressive relaxation use among 
US adults from 2002 to 2022. Sci. Rep. 14:14987. doi: 10.1038/s41598-024-64562-y

Desai, R., Tailor, A., and Bhatt, T. (2015). Effects of yoga on brain waves and structural 
activation: a review. Complement. Ther. Clin. Pract. 21, 112–118. doi: 10.1016/j.
ctcp.2015.02.002

Dodich, A., Zollo, M., Crespi, C., Cappa, S. F., Laureiro Martinez, D., Falini, A., et al. 
(2019). Short-term Sahaja yoga meditation training modulates brain structure and spon-
taneous activity in the executive control network. Brain Behav. 9:e01159. doi: 10.1002/
brb3.1159

Fialoke, S., Tripathi, V., Thakral, S., Dhawan, A., Majahan, V., and Garg, R. (2024). 
Functional connectivity changes in meditators and novices during yoga nidra practice. 
Sci. Rep. 14:12957. doi: 10.1038/s41598-024-63765-7

Fingelkurts, A. A., Fingelkurts, A. A., and Kallio-Tamminen, T. (2016a). Long-term medi-
tation training induced changes in the operational synchrony of default mode network 
modules during a resting state. Cogn. Process. 17, 27–37. doi: 10.1007/s10339-015-0743-4

Fingelkurts, A. A., Fingelkurts, A. A., and Kallio-Tamminen, T. (2016b). Trait lasting 
alteration of the brain default mode network in experienced meditators and the experi-
ential selfhood. Self Identity 15, 381–393. doi: 10.1080/15298868.2015.1136351

Fox, K. C. R., Nijeboer, S., Dixon, M. L., Floman, J. L., Ellamil, M., Rumak, S. P., et al. 
(2014). Is meditation associated with altered brain structure? A systematic review and 
meta-analysis of morphometric neuroimaging in meditation practitioners. Neurosci. 
Biobehav. Rev. 43, 48–73. doi: 10.1016/j.neubiorev.2014.03.016

Foxen, A., and Kuberry, C. (2021). Is This Yoga? New York: Routledge.

Gard, T., Noggle, J. J., Park, C. L., Vago, D. R., and Wilson, A. (2014a). Potential self-
regulatory mechanisms of yoga for psychological health. Front. Hum. Neurosci. 8, 1–20. 
doi: 10.3389/fnhum.2014.00770

Gard, T., Taquet, M., Dixit, R., Hölzel, B. K., de Montjoye, Y.-A., Brach, N., et al. (2014b). 
Fluid intelligence and brain functional organization in aging yoga and meditation prac-
titioners. Front. Aging Neurosci. 6:76. doi: 10.3389/fnagi.2014.00076

Gard, T., Taquet, M., Dixit, R., Hölzel, B. K., Dickerson, B. C., and Lazar, S. W. (2015). 
Greater widespread functional connectivity of the caudate in older adults who practice 
kripalu yoga and vipassana meditation than in controls. Front. Hum. Neurosci. 9:137. doi: 
10.3389/fnhum.2015.00137

Gautam, S., Arora, T., and Dada, R. (2024) in Neuroscience of Yoga, ed. A. Anand 
(Singapore: Springer Nature Singapore), 1–15.

Gothe, N. P., Hayes, J. M., Temali, C., and Damoiseaux, J. S. (2018). Differences in brain 
structure and function among yoga practitioners and controls. Front. Integr. Neurosci. 
12:26. doi: 10.3389/fnint.2018.00026

Gothe, N. P., Khan, I., Hayes, J., Erlenbach, E., and Damoiseaux, J. S. (2019). Yoga effects 
on brain health: a systematic review of the current literature. Brain Plast. 5, 105–122. doi: 
10.3233/bpl-190084

Gotink, R. A., Vernooij, M. W., Ikram, M. A., Niessen, W. J., Krestin, G. P., Hofman, A., 
et al. (2018). Meditation and yoga practice are associated with smaller right amygdala 
volume: the Rotterdam study. Brain Imaging Behav. 12, 1631–1639. doi: 10.1007/
s11682-018-9826-z

Hernández, S. E., Barros-Loscertales, A., Xiao, Y., González-Mora, J. L., and Rubia, K. 
(2018). Gray matter and functional connectivity in anterior cingulate cortex are associated 
with the state of mental silence during Sahaja yoga meditation. Neuroscience 371, 
395–406. doi: 10.1016/j.neuroscience.2017.12.017

Hernández, S. E., Suero, J., Barros, A., González-Mora, J. L., and Rubia, K. (2016). 
Increased grey matter associated with long-term Sahaja yoga meditation: a voxel-based 
morphometry study. PLoS One 11:e0150757. doi: 10.1371/journal.pone.0150757

Kinser, P. A., Goehler, L. E., and Taylor, A. G. (2012). How might yoga help depression? 
A neurobiological perspective. Explore 8, 118–126. doi: 10.1016/j.explore.2011.12.005

Kip, E., and Parr-Brownlie, L. C. (2023). Healthy lifestyles and wellbeing reduce neuro-
inflammation and prevent neurodegenerative and psychiatric disorders. Front. Neurosci. 
17:1092537. doi: 10.3389/fnins.2023.1092537

Konecki, K., Bogusławska-Lesiak, A., and Saganowska, E. (2016). Common-sense defini-
tions of yoga and its meaning for practitioners. Misc. Anthropol. Sociol., 17: 77–94. 
Available online at: https://www.researchgate.net/publication/319522632

Kora, P., Meenakshi, K., Swaraja, K., Rajani, A., and Raju, M. S. (2021). EEG based interpreta-
tion of human brain activity during yoga and meditation using machine learning: a systematic 
review. Complement. Ther. Clin. Pract. 43:101329. doi: 10.1016/j.ctcp.2021.101329

Li, M. M., Palhano-Fontes, F., Onias, H., Andrade, K. C., Lobão-Soares, B., 
Arruda-Sanchez, T., et al. (2020). Effects of yoga respiratory practice (Bhastrika 
pranayama) on anxiety, affect, and brain functional connectivity and activity: a random-
ized controlled trial. Front. Psych. 11:467. doi: 10.3389/fpsyt.2020.00467

Liberati, A., Altman, D. G., Tetzlaff, J., Mulrow, C., Gøtzsche, P. C., Ioannidis, J. P. A., et al. 
(2009). The PRISMA statement for reporting systematic reviews and meta-analyses of 
studies that evaluate healthcare interventions: explanation and elaboration. BMJ 
339:b2700. doi: 10.1136/bmj.b2700

Lou, H. C., Joensson, M., and Kringelbach, M. L. (2011). Yoga lessons for consciousness 
research: a paralimbic network balancing brain resource allocation. Front. Psychol. 2:366. 
doi: 10.3389/fpsyg.2011.00366

Malipeddi, S., Sasidharan, A., Ravindra, P. N., Mehrotra, S., John, J. P., and Kutty, B. M. 
(2024). Relaxed alertness in novice and advanced meditators – a neurophysiological and 
psychological study of Isha yoga practices. Mindfulness 15, 2840–2859. doi: 10.1007/
s12671-024-02466-8

Martínez, R., Pallavicini, C., Zamberlan, F., Vigo, D., and Tagliazucchi, E. (2020). 
Meditation increases the entropy of brain oscillatory activity. Neuroscience 431, 40–51. 
doi: 10.1016/j.neuroscience.2020.01.033

Moher, D., Liberati, A., Tetzlaff, J., Altman, D. G., Antes, G., Atkins, D., et al. (2009). 
Preferred reporting items for systematic reviews and meta-analyses: the PRISMA state-
ment. PLoS Med. 6:e1000097. doi: 10.1371/journal.pmed.1000097

Nagendra, H. (2008). Defining yoga. Int. J. Yoga 1:43. doi: 10.4103/0973-6131.43540

Nayan Rishi, N., Singh Yadav, S., Bharti, S., and Somanadhapai, S. (2024). Bridging the 
science between yogic postures (Asanas) and neurophysiology: a narrative review. J. 
Cancer Res. Cell Ther. 8, 01–04. doi: 10.31579/2640-1053/198

Nourollahimoghadam, E., Gorji, S., Gorji, A., and Khaleghi Ghadiri, M. (2021). 
Therapeutic role of yoga in neuropsychological disorders. World J Psychiatry 11, 754–773. 
doi: 10.5498/wjp.v11.i10.754

Novaes, M. M., Palhano-Fontes, F., Onias, H., Andrade, K. C., Lobão-Soares, B., 
Arruda-Sanchez, T., et al. (2020). Effects of Yoga Respiratory Practice (Bhastrika 
pranayama) on Anxiety, Affect, and Brain Functional Connectivity and Activity: A 
Randomized Controlled Trial. Front. Psychiatry. 11:467. doi: 10.3389/fpsyt.2020.00467

Olex, S., and Olex, K. (2018). “Effects of exercise on mental health,” in Integrative 
Psychiatry and Brain Health, eds. D. A. Monti and A. B. Newberg (Oxford: Oxford 
University Press), 50–96.

Pérez-Diaz, O., Góngora, D., González-Mora, J. L., Rubia, K., Barrós-Loscertales, A., and 
Hernández, S. E. (2024). Enhanced amygdala–anterior cingulate white matter structural 
connectivity in Sahaja yoga meditators. PLoS One 19:e0301283. doi: 10.1371/journal.
pone.0301283

Rathore, M., Verma, M., Nirwan, M., Trivedi, S., and Pai, V. (2022). Functional connectiv-
ity of prefrontal cortex in various meditation techniques – a mini-review. Int J Yoga 15, 
187–194. doi: 10.4103/ijoy.ijoy_88_22

Rivest-Gadbois, E., and Boudrias, M. H. (2019). What are the known effects of yoga on 
the brain in relation to motor performances, body awareness and pain? A narrative 
review. Complement. Ther. Med. 44, 129–142. doi: 10.1016/j.ctim.2019.03.021

Santaella, D. F., Balardin, J. B., Afonso, R. F., Giorjiani, G. M., Sato, J. R., Lacerda, S. S., 
et al. (2019). Greater anteroposterior default mode network functional connectivity in 
long-term elderly yoga practitioners. Front. Aging Neurosci. 11:158. doi: 10.3389/
fnagi.2019.00158

Satchidananda, S. S. (2012). The Yoga Sutras of Patanjali Translation and Commentary by 
Sri Swami Satchidananda. Revised Edn. Buckingham, Virginia, USA: Integral Yoga 
Publications.

Schmalzl, L., Powers, C., and Blom, E. H. (2015). Neurophysiological and neurocogni-
tive mechanisms underlying the effects of yoga-based practices: towards a compre-
hensive theoretical framework. Front. Hum. Neurosci. 9, 1–19. doi: 10.3389/
fnhum.2015.00235

Shrivastava, A., Singh, B. K., Krishna, D., Krishna, P., and Singh, D. (2023). Effect of 
heartfulness meditation among long-term, short-term and non-meditators on prefrontal 
cortex activity of brain using machine learning classification: a cross-sectional study. 
Cureus 15:e34977. doi: 10.7759/cureus.34977

Simon, R., Pihlsgård, J., Berglind, U., Söderfeldt, B., and Engström, M. (2017). Mantra 
meditation suppression of default mode beyond an active task: a pilot study. J. Cogn. 
Enhanc. 1, 219–227. doi: 10.1007/s41465-017-0028-1

Singleton, O., Newlon, M., Fossas, A., Sharma, B., Cook-Greuter, S. R., and Lazar, S. W. (2021). 
Brain structure and functional connectivity correlate with psychosocial development in con-
templative practitioners and controls. Brain Sci. 11:728. doi: 10.3390/brainsci11060728

Sterne, J. A. C., Hernán, M. A., Reeves, B. C., Savović, J., Berkman, N. D., Viswanathan, M., 
et al. (2016). ROBINS-I: a tool for assessing risk of bias in non-randomised studies of 
interventions. BMJ 355:i4919. doi: 10.1136/bmj.i4919

Sterne, J. A. C., Savović, J., Page, M. J., Elbers, R. G., Boutron, I., Higgins, J. P. T., et al. 
(2019). RoB 2: a revised tool for assessing risk of bias in randomised trials. BMJ 366:l4898. 
doi: 10.1136/bmj.l4898

Taylor, A. G., Goehler, L. E., Galper, D. I., Innes, K. E., and Bourguignon, C. (2010). Top-
down and bottom-up mechanisms in mind-body medicine: development of an integrative 
framework for psychophysiological research. Explore 6, 29–41. doi: 10.1016/j.
explore.2009.10.004

https://doi.org/10.3389/fnins.2026.1718808
https://www.frontiersin.org/journals/neuroscience
https://www.frontiersin.org
https://doi.org/10.1016/j.ctim.2016.02.015
https://doi.org/10.1016/j.ctim.2016.02.015
https://doi.org/10.1016/j.jsams.2017.08.026
https://doi.org/10.1016/j.amepre.2015.07.037
https://doi.org/10.1097/01.PSY.0000077505.67574.E3
https://doi.org/10.1038/s41598-024-64562-y
https://doi.org/10.1016/j.ctcp.2015.02.002
https://doi.org/10.1016/j.ctcp.2015.02.002
https://doi.org/10.1002/brb3.1159
https://doi.org/10.1002/brb3.1159
https://doi.org/10.1038/s41598-024-63765-7
https://doi.org/10.1007/s10339-015-0743-4
https://doi.org/10.1080/15298868.2015.1136351
https://doi.org/10.1016/j.neubiorev.2014.03.016
https://doi.org/10.3389/fnhum.2014.00770
https://doi.org/10.3389/fnagi.2014.00076
https://doi.org/10.3389/fnhum.2015.00137
https://doi.org/10.3389/fnint.2018.00026
https://doi.org/10.3233/bpl-190084
https://doi.org/10.1007/s11682-018-9826-z
https://doi.org/10.1007/s11682-018-9826-z
https://doi.org/10.1016/j.neuroscience.2017.12.017
https://doi.org/10.1371/journal.pone.0150757
https://doi.org/10.1016/j.explore.2011.12.005
https://doi.org/10.3389/fnins.2023.1092537
https://www.researchgate.net/publication/319522632
https://doi.org/10.1016/j.ctcp.2021.101329
https://doi.org/10.3389/fpsyt.2020.00467
https://doi.org/10.1136/bmj.b2700
https://doi.org/10.3389/fpsyg.2011.00366
https://doi.org/10.1007/s12671-024-02466-8
https://doi.org/10.1007/s12671-024-02466-8
https://doi.org/10.1016/j.neuroscience.2020.01.033
https://doi.org/10.1371/journal.pmed.1000097
https://doi.org/10.4103/0973-6131.43540
https://doi.org/10.31579/2640-1053/198
https://doi.org/10.5498/wjp.v11.i10.754
https://doi.org/10.3389/fpsyt.2020.00467
https://doi.org/10.1371/journal.pone.0301283
https://doi.org/10.1371/journal.pone.0301283
https://doi.org/10.4103/ijoy.ijoy_88_22
https://doi.org/10.1016/j.ctim.2019.03.021
https://doi.org/10.3389/fnagi.2019.00158
https://doi.org/10.3389/fnagi.2019.00158
https://doi.org/10.3389/fnhum.2015.00235
https://doi.org/10.3389/fnhum.2015.00235
https://doi.org/10.7759/cureus.34977
https://doi.org/10.1007/s41465-017-0028-1
https://doi.org/10.3390/brainsci11060728
https://doi.org/10.1136/bmj.i4919
https://doi.org/10.1136/bmj.l4898
https://doi.org/10.1016/j.explore.2009.10.004
https://doi.org/10.1016/j.explore.2009.10.004


Stoelers et al.� 10.3389/fnins.2026.1718808

Frontiers in Neuroscience 16 frontiersin.org

Thomas, J., Jamieson, G., and Cohen, M. (2014). Low and then high frequency oscillations 
of distinct right cortical networks are progressively enhanced by medium and long term 
Satyananda yoga meditation practice. Front. Hum. Neurosci. 8:197. doi: 10.3389/
fnhum.2014.00197

Tomasello, L., Carlucci, L., Laganà, A., Galletta, S., Marinelli, C. V., Raffaele, M., et al. 
(2023). Neuropsychological evaluation and quantitative EEG in patients with frontotem-
poral dementia, Alzheimer’s disease, and mild cognitive impairment. Brain Sci. 13:930. 
doi: 10.3390/brainsci13060930

Tymofiyeva, O., Henje, E., Yuan, J. P., Huang, C. Y., Connolly, C. G., Ho, T. C., et al. (2021). 
Reduced anxiety and changes in amygdala network properties in adolescents with train-
ing for awareness, resilience, and action (TARA). Neuroimage Clin 29:102521. doi: 
10.1016/j.nicl.2020.102521

van Aalst, J., Ceccarini, J., Demyttenaere, K., Sunaert, S., and Van Laere, K. (2020). What 
has neuroimaging taught us on the neurobiology of yoga? A review. Front. Integr. 
Neurosci. 14:34. doi: 10.3389/fnint.2020.00034
Villemure, C., Čeko, M., Cotton, V. A., and Catherine Bushnell, M. (2015). 
Neuroprotective effects of yoga practice: age-, experience-, and frequency-dependent 
plasticity. Front. Hum. Neurosci. 9:281. doi: 10.3389/fnhum.2015.00281
Vishnubhotla, R. V., Radhakrishnan, R., Kveraga, K., Deardorff, R., Ram, C., Pawale, D., et al. 
(2021). Advanced meditation alters resting-state brain network connectivity correlating with 
improved mindfulness. Front. Psychol. 12:745344. doi: 10.3389/fpsyg.2021.745344
Zhang, Y., Lauche, R., Cramer, H., Munk, N., and Dennis, J. A. (2021). Increasing trend 
of yoga practice among U.S. adults from 2002 to 2017. J. Altern. Complement. Med. 27, 
778–785. doi: 10.1089/acm.2020.0506

https://doi.org/10.3389/fnins.2026.1718808
https://www.frontiersin.org/journals/neuroscience
https://www.frontiersin.org
https://doi.org/10.3389/fnhum.2014.00197
https://doi.org/10.3389/fnhum.2014.00197
https://doi.org/10.3390/brainsci13060930
https://doi.org/10.1016/j.nicl.2020.102521
https://doi.org/10.3389/fnint.2020.00034
https://doi.org/10.3389/fnhum.2015.00281
https://doi.org/10.3389/fpsyg.2021.745344
https://doi.org/10.1089/acm.2020.0506

	How yoga shapes the brain: a systematic review
	1 Introduction
	2 Methods
	2.1 Search strategy
	2.2 Study selection

	3 Results
	3.1 Structural changes
	3.1.1 White matter changes
	3.1.2 Grey matter changes
	3.2 Functional connectivity changes
	3.2.1 Electroencephalogram results
	3.2.2 Functional magnetic resonance imaging results

	4 Discussion

	References

