


Yes, compassion or loving-kindness meditation appears to induce structural
neuroplasticity, but cortical thickness evidence is mixed.

1. Introduction

Regular compassion or loving-kindness meditation appears to induce structural neuroplasticity, but the specific claim that it
reliably increases cortical thickness is supported mainly by cross-sectional expert-practitioner studies and a smaller number of
longitudinal studies with narrower populations. Long-term loving-kindness and compassion practitioners showed thicker
fronto-insular cortex than meditation-naive controls in a multimodal MRI study, directly linking socio-affective practice to
cortical thickness differences (Engen et al., 2017). A large 9-month longitudinal training study, however, found no effect of
contemplative training modules on cortical thickness overall, even though the same project later reported hippocampal
subfield volume increases specifically after the compassion-focused module (Puhlmann et al., 2019; Valk et al., 2024). More
broadly, meditation research repeatedly reports structural differences in insula, anterior cingulate, prefrontal, temporal, and
hippocampal regions, but null trials and heterogeneous morphometric outcomes make the field less settled than early studies
implied (Kang et al., 2012; Kral et al., 2022; Hölzel et al., 2010).

The strongest support for cortical thickening comes from long-term practitioner comparisons and from some longer
interventions in special populations, not from short standard courses. Expert meditators across traditions showed thicker
anterior cingulate, insula, and somatosensory regions, with thickness often related to years or hours of practice (Grant et al.,
2010). In contrast, the largest rigorously controlled MBSR trial found no structural changes in gray matter volume, density, or
cortical thickness after 8 weeks (Kral et al., 2022). That pattern suggests that dose, practice type, and population matter.

Does the regular practice of compassion or loving-kindness meditation induce structural neuroplasticity and increase
cortical thickness?
Requires at least 5 papers that directly answer your question. Try adjusting your query to find more papers.

FIGURE 1  Consensus on structural effects of compassion meditation

The meter should be read as moderate rather than definitive support. Structural neuroplasticity is better supported than
cortical-thickness increases, and compassion-specific evidence is stronger for functional and hippocampal changes than for
reproducible whole-cortex thickening (Klimecki et al., 2014; Valk et al., 2024).

2. Methods

This Deep Search synthesis drew from Consensus’s search across more than 170 million research papers indexed from
Semantic Scholar, PubMed, and other scholarly sources. The workflow identified 1,613 directly retrieved papers, expanded
through citation crawling and targeted follow-up searches, screened 240 papers after machine relevance filtering, judged 109
unique papers eligible, and included the top 50 most relevant papers for this review.

Search Strategy

2.9M

Retrieved

22 searches

1 citation graph use

All papers retrieved from 22 searches and 1
citation graph use.

2K

Eligible

Papers meeting relevance and quality criteria,
after deduplication

50

Included

Top papers selected to be included in the final
analysis

FIGURE 2  Deep search screening and inclusion flow
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The search combined compassion-specific, loving-kindness, mindfulness, null-result, and multimodal neuroimaging queries to
capture both supportive and contradictory evidence.

3. Results

3.1 Key Papers

Three papers anchor this literature because together they define the field’s main tension: positive cross-sectional findings in
experts, direct compassion-specific structural findings, and a large null randomized trial. The Engen study is the most on-
target for loving-kindness and compassion specifically, the Kang study is foundational for cortical thickness in long-term
meditators, and the Kral trial is the strongest counterweight on short-term intervention effects (Engen et al., 2017; Kang et al.,
2012; Kral et al., 2022).

Paper Summary

(Engen et al., 2017) Thicker fronto-insular cortex in compassion experts (Engen et al., 2017)

(Puhlmann et al., 2019) Greater anterior cortical thickness in meditators (Kang et al., 2012)

(Kang et al., 2012) Large RCT found no structural change (Kral et al., 2022)

FIGURE 3  Foundational papers shaping the evidence base

3.2 Compassion-Specific Structural Findings

Compassion-focused training has clearer evidence for structural change in some subcortical and socio-affective regions than
for generalized cortical thickening. In the ReSource program, the 3-month socio-affective module targeting empathy and
compassion increased bilateral CA1-3 hippocampal volume relative to socio-cognitive training or waitlist, and these changes
tracked reduced cortisol output (Valk et al., 2024). Long-term practitioners centered on loving-kindness and compassion
showed greater cortical thickness in fronto-insular cortices, with overlap between thicker regions and task-activated
ventrolateral prefrontal and anterior insular areas during loving-kindness meditation (Engen et al., 2017).

Functional plasticity is more consistently replicated than structural thickening. Compassion training increased activity in medial
orbitofrontal, ventral striatal, pregenual cingulate, putaminal, pallidal, and ventral tegmental regions across controlled studies,
supporting a specific socio-affective brain network even when anatomy is not measured directly (Klimecki et al., 2014;
Klimecki et al., 2013; Mascaro et al., 2012).

3.3 Landmark Trial Comparison

A central comparison in this literature is long-term expertise versus short-term randomized intervention.

Dimension
Long-Term
Compassion/LKM Experts Short-Term Standard Courses Citations

Design Mostly cross-sectional Mostly randomized longitudinal (Engen et al., 2017; Kral et
al., 2022)

Structural outcome Thicker fronto-insular cortex Often null at whole-brain/ROI level (Engen et al., 2017; Kral et
al., 2022)

Dose ~40,000 lifetime hours 8 weeks to 3 months typical (Engen et al., 2017; Kral et
al., 2022)
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Dimension
Long-Term
Compassion/LKM Experts Short-Term Standard Courses Citations

Compassion
specificity

Directly targeted Often mindfulness-dominant (Engen et al., 2017;
Puhlmann et al., 2019)

Best-supported
structural effect

Cortical thickness
differences

Mixed CT, stronger
connectivity/volume findings

(Engen et al., 2017; Kral et
al., 2019)

The key difference is exposure. Large thickness effects are reported mainly in highly trained experts, while standard brief
programs more often change function, connectivity, or specific volumes rather than cortex-wide thickness.

3.4 Broader Structural Context

Across related meditation literatures, structural neuroplasticity is plausible but heterogeneous. Short mindfulness training
increased ventral posterior cingulate gray matter volume and altered white matter around anterior cingulate and posterior
cingulate within 2 to 4 weeks in randomized studies (Tang et al., 2020; Tang et al., 2012). In older adults with mild cognitive
impairment, a 9-month mindfulness program increased cortical thickness in the right frontal pole and transiently in the left
inferior temporal gyrus (Yu et al., 2021). A 2023 systematic review of MBI trials in MCI concluded that cortical thickness
increases appear in right frontoparietal and left inferior temporal regions, but pooled behavioral effects remained non-
significant and the authors called the evidence inconclusive (Leow et al., 2023).

At the same time, some studies found decreases or no change, underscoring that “structural neuroplasticity” does not always
mean thickening. Adolescents in a 12-week meditation program showed gray matter volume decreases in posterior insula,
thalamus, and putamen rather than increases (Yuan et al., 2020). Even outside meditation, other trainings such as balance
training can increase cortical thickness, showing that thickness changes are biologically plausible but not unique to meditation
(Rogge et al., 2018).

Results Timeline

FIGURE 4  Timeline of meditation neuroplasticity findings; larger markers indicate more citations

The timeline shows an arc from early cross-sectional morphometry, to small longitudinal intervention studies, to larger
controlled trials that both refine and challenge the original claims. The recent literature is more specific about which practices,
doses, and brain metrics change.
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Top Contributors

Type Name Papers

Author T. Singer [e61290774b3455aca1e5028168396770][d3e565ec7984579396d6b6ce899f8e89]
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[b84814dbcfd2535cbf297d08f2ca6cbe][a131045e73305d2090d73b8177c03987]

Author A. Lutz [0011967a038f54958d72cd7fb257ef0b][b28ef97d37b6594eb6667ebf56d28e27]
[1434b7d601f2595ba5671d1c800b382a][40240e185ecf5d2499d15b3d32e9b728]
[174089e46f3a5c3194db0973d31764a8][8636bb59466255b7a460aed598dd1c3c]

Author S. Lazar [32215a1a31c75fababe3d62d7f2f416e][6ddb74c3d657524a9416e4b6415c7903]
[174089e46f3a5c3194db0973d31764a8]

Journal Social Cognitive and
Affective
Neuroscience

[c25e22f9a30655cdbc54a48cc16291ec][d3e565ec7984579396d6b6ce899f8e89]
[eacff91ec0e057c39785a9f4b6b9378f][9e5af2f7958a5beea1ab32bbc33a2dd7]

Journal PLoS ONE [b28ef97d37b6594eb6667ebf56d28e27][e07aa7b471e15d009189e0b3ad34743f]
[25cca2c771f9598e9116d774cbeffeba]

Journal Neural Plasticity [0e336bf2c0165d4b8dc77e3dd1c12992][18228825f50850959e5bc0fc49bea800]

FIGURE 5  Authors and journals appearing most often

4. Discussion

The literature supports structural neuroplasticity from meditation more strongly than it supports a simple “yes” on cortical
thickness increases from compassion or loving-kindness practice. Compassion-specific studies show credible functional
plasticity and some structural findings in fronto-insular cortex and hippocampus (Engen et al., 2017; Valk et al., 2024).
However, the most direct cortical-thickness evidence is cross-sectional, which cannot rule out self-selection, lifestyle
confounding, or pre-existing brain differences (Engen et al., 2017; Kang et al., 2012; Luders et al., 2012).

The field has matured by adding stronger controls, and those stronger studies tend to report smaller or more selective effects.
The largest MBSR trial found no structural changes after 8 weeks (Kral et al., 2022). Yet longer or condition-specific
interventions still report thickness or volume increases in selected regions, including right frontal pole in MCI, insula and
anterior cingulate in chronic migraine, and hippocampal CA1-3 after socio-affective training (Yu et al., 2021; Fedeli et al., 2024;
Valk et al., 2024).

Another limitation is construct overlap. Many studies blend mindfulness, compassion, attention, yoga, or mixed contemplative
practice, so not every positive finding can be attributed specifically to loving-kindness or compassion meditation (Puhlmann et
al., 2019; Yang et al., 2016; Chételat et al., 2017). Even so, the convergence of findings in insula, cingulate, prefrontal cortex,
and hippocampus across multiple designs suggests that repeated contemplative practice can remodel emotion-,
interoception-, and stress-related networks (Hernández et al., 2016; Chételat et al., 2017; De Filippi et al., 2021).
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Claim
Evidence
Strength Reasoning Papers

Compassion/LKM can induce
structural neuroplasticity in
some brain regions

Moderate

Supported by longitudinal hippocampal
findings and cross-sectional cortical
differences, but not uniformly replicated
across morphometric endpoints

(Valk et al., 2024;
Engen et al., 2017)

Compassion/LKM reliably
increases cortical thickness

Moderate

Direct support exists, but mostly in expert
cross-sectional cohorts and selected clinical
samples

(Engen et al., 2017;
Fedeli et al., 2024)

Short standard meditation
courses usually change function
more than structure

Strong

Large RCTs often show null structural results
while functional connectivity and activation
changes recur

(Kral et al., 2022;
Kral et al., 2019;
Klimecki et al.,
2014)

Practice dose likely matters for
structural outcomes

Moderate

Expert studies and dose-correlated findings
point this way, but causal dose thresholds
remain unknown

(Engen et al., 2017;
Grant et al., 2010;
Leung et al., 2018)

Evidence for widespread
cortex-wide thickening is
established

Weak

Contradicted by large null trials and
heterogeneous directionality across studies

(Kral et al., 2022;
Yuan et al., 2020)

FIGURE 6  Claims and evidence across included studies

5. Conclusion

Taken together, the literature indicates that regular compassion or loving-kindness meditation appears capable of inducing
structural neuroplasticity, but the evidence is stronger for selective regional changes than for broad, reproducible cortical
thickening. The best compassion-specific findings involve thicker fronto-insular cortex in long-term practitioners and
increased hippocampal subfield volume after socio-affective training, while large short-term intervention trials often fail to
show cortical-thickness changes (Engen et al., 2017; Valk et al., 2024; Kral et al., 2022). For personal or clinical decisions, a
licensed clinician is the right source; this is a research synthesis, not medical advice.

Research Gaps

The largest gap is rigorous compassion-specific longitudinal morphometry with active controls and long follow-up. The field
also lacks dose-response studies that can separate brief practice effects from the anatomy of lifelong expertise.

Topic/Outcome
Active-Control
RCTs

Compassion-Specific
Training

Long-Term
Follow-Up

Cortical
Thickness

Loving-kindness experts 1 4 1 2

Short compassion
interventions

3 3 1 1

Mixed mindfulness
programs

10 GAP 4 6
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Topic/Outcome
Active-Control
RCTs

Compassion-Specific
Training

Long-Term
Follow-Up

Cortical
Thickness

Clinical populations 4 1 2 3

Dose-response
relationships

2 2 1 2

Open Research Questions

The next studies should test whether compassion practice has a distinct structural signature beyond mindfulness, and how
much practice is required.

Question Why

Does compassion or loving-kindness meditation increase cortical
thickness in healthy novices when tested in an adequately powered
active-control RCT lasting at least six months?

This would directly test causality, time course, and
whether null 8-week findings reflect underdosing
rather than no structural effect.

Are hippocampal changes from socio-affective training
mechanistically distinct from cortical changes seen in long-term
loving-kindness experts?

This would clarify whether compassion training first
alters stress-sensitive subcortical circuits before
producing detectable cortical remodeling.

What lifetime practice threshold is associated with reproducible
fronto-insular thickening in compassion practitioners?

Current expert studies imply dose effects, but no
study establishes a reliable exposure threshold for
cortical anatomy changes.

Regular compassion or loving-kindness meditation appears to induce structural neuroplasticity, but a reliable increase in
cortical thickness remains only moderately supported.

These search results were found and analyzed using Consensus, an AI-powered search engine for research. Try it at
https://consensus.app. © 2026 Consensus NLP, Inc. Personal, non-commercial use only; redistribution requires copyright
holders’ consent.
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