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Abstract

To determine the association between meditation and yoga practice, experienced stress, and amygdala and hippocampal vol-
ume in a large population-based study. This study was embedded within the population-based Rotterdam Study and included
3742 participants for cross-sectional association. Participants filled out a questionnaire assessing meditation practice, yoga
practice, and experienced stress, and underwent a magnetic resonance scan of the brain. 2397 participants underwent mul-
tiple brain scans, and were assessed for structural change over time. Amygdala and hippocampal volumes were regions of
interest, as these are structures that may be affected by meditation. Multivariable linear regression analysis and mixed linear
models were performed adjusted for age, sex, educational level, intracranial volume, cardiovascular risk, anxiety, depression
and stress. 15.7% of individuals participated in at least one form of practice. Those who performed meditation and yoga
practices reported significantly more stress (mean difference 0.2 on a 1-5 scale, p<.001) and more depressive symptoms
(mean difference 1.03 on CESD, p=.015). Partaking in meditation and yoga practices was associated with a significantly
lower right amygdala volume (p=—31.8 mm?, p=.005), and lower left hippocampus volume (p=—75.3 mm?, p=.025).
Repeated measurements using linear mixed models showed a significant effect over time on the right amygdala of practicing
meditation and yoga (p=—24.4 mm®, SE 11.3, p=.031). Partaking in meditation and yoga practice is associated with more
experienced stress while it also helps cope with stress, and is associated with smaller right amygdala volume.
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Introduction

Mind-Body practices are becoming increasingly popular
54 M. G. Myriam Hunink in both supporting medical treatment of chronic patients
m.hunink @erasmusmec.nl and prevention of disease in the healthy population (Wol-
sko et al. 2004; Barnes et al. 2008). Approximately 20%
of the US population use mind-body practices, such as
meditation and yoga, to gain a more active role in their
health. Mindfulness for instance teaches awareness of
bodily sensations of stress and of reaction patterns in a
non-judgmental manner. Meditation and yoga have been
shown to reduce anxiety, depression and stress, and to
Department of Epidemiology, Harvard T.H. Chan School improve quality of life (Gotink et al. 2015; Lin et al. 2011).
of Public Health, Boston, MA, USA . .
Unfortunately, there is no clear understanding of how
these practices exert their positive effect. A recent meta-
analysis showed that cognitive and emotional reactivity
are the largest mediators underlying the improvements,
together with mindfulness, rumination, self-compassion
and psychological flexibility (Gu et al. 2015). Previous
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neuroimaging meta-analyses on traditional meditation
styles (i.e. Zen, Vipassana, Tibetan etc.) show that long
term meditators consistently exhibit a different gray mat-
ter morphometry in several regions: the prefrontal cortex
(PFC) (which is related to attentional processes), the sen-
sory cortices and insula (related to body awareness), the
hippocampus (related to memory processes), the cingulate
cortex (related to self and emotion regulation), and the
amygdala (related to the fight-flight response) (Lazar et al.
2005; Pagnoni and Cekic 2007; Holzel et al. 2008; Luders
et al. 2009; Vestergaard-Poulsen et al. 2009; Tomasino
et al. 2013; Fox et al. 2014). A review on neuroimaging in
yoga practitioners also showed decreased blood flow in the
amygdala and increased activity in the prefrontal cortex,
suggesting that practitioners do notice negative stimuli,
but are less affected by it (Desai et al. 2015).

The amygdala seems to be typically involved in stress
and anxiety: related to instinct and the fight-flight reaction,
it adds emotional value to sensory input (Kolb and Wishaw
2009) and functions as a pre-consciousness warning sys-
tem (Craigmyle 2013). Stress reduction has been associ-
ated with less amygdala volume (Holzel et al. 2010), and
research has found significant differences in amygdala activ-
ity and structure in connection with both training and pre-
dispositional mindfulness (Creswell et al. 2007; Modinos
et al. 2010; Taren et al. 2013; Lutz et al. 2013). Meditation
shows also an improved memory function and meditators
have larger hippocampal volumes than controls (Murakami
et al. 2012; Pickut et al. 2013; Holzel et al. 2011). So it
seems that these neural structures could be affected by the
stress reducing effects of meditation and yoga. The amyg-
dala and the hippocampus are part of an extended neural
network (Phelps et al. 2004); earlier studies on the effect
of meditation also showed a stronger connectivity between
the ventromedial PFC and the amygdala, where the former
down-regulated the activity of the latter (Modinos et al.
2010; Holzel et al. 2013) and an increase in activity in the
hippocampus (Goldin and Gross 2010; Creswell et al. 2007).
However, all these previous studies have been performed
either in specific patient populations or in small samples of
healthy, young volunteers. No study has yet been conducted
in a large population-based setting. Doing so would give
greater insight in practitioner characteristics in real-life, and
whether these methods are effective in an uncontrolled popu-
lation setting rather than a controlled clinical setting. Also, it
could give insight in practice associated mental health, and
in underlying neuronal differences between practitioners and
non-practitioners.

The current study investigates whether the relationship
between meditation and yoga practice and experienced stress
levels, is associated with differences in amygdala and hip-
pocampal volumes in a large Dutch population-based sample
of middle aged and elderly subjects.
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Methods
Study population

The Rotterdam Study is an ongoing population-based
cohort in the Netherlands that aims to investigate causes
and determinants of diseases in elderly adults (Hofman
et al. 2015). Recruitment began in 1990, and the current
study population consisted of 14,926 subjects 45 years
and older at baseline. The whole cohort undergoes physi-
cal and psychological re-examinations every two to three
years. Since 2005, all participants of the Rotterdam Study
without contraindications to Magnetic Resonance Imaging
(MRI) are invited to undergo a brain MRI examination as
part of the Rotterdam Scan Study, which aims to investi-
gate causes and consequences of age-related brain changes
(Ikram et al. 2011).

For our study, we included individuals examined at
the research center between 2008 and 2013. We included
all participants that responded to a meditation and yoga
practice questionnaire and had undergone an MRI of the
brain (n=3827). Diagnosis of clinical stroke, dementia
and Parkinson were reason for exclusion (n=34). After
removing uninterpretable MRI scans, 3742 participants
were included for the cross-sectional analyses. We also
analyzed a subgroup that underwent a brain scan 5 years
earlier as part of the Rotterdam Study, to see whether there
was a difference in brain structure changes between the
groups over time. For this we allocated participants to the
practitioner group if they practiced for 5 years or longer
(see Fig. 1).

The Rotterdam Study was approved by the medical eth-
ics committee according to the Population Study Act Rot-
terdam Study, executed by the Ministry of Health, Welfare
and Sports of the Netherlands. Written informed consent
was obtained from all participants.

Measurement of meditation and yoga practices

During a one-time home interview, trained interviewers
questioned individuals if they performed meditation and
yoga practices, which were defined as ‘looking for still-
ness inside oneself’, ‘meditation’ or ‘mindfulness’ (cap-
tured in this article under ‘meditation’), ‘yoga’, ‘Tai Chi’,
‘Qi Gong’ or ‘similar movement therapy’ (captured under
‘yoga’), and relaxation or breathing exercises (referred to
as ‘breathing exercises’). As breathing exercises are such
a core aspect of both meditation and yoga, this category
is included without being named separately in this article.
Additionally, the interview contained a question whether
practicing this particular technique helped participants in



Brain Imaging and Behavior

Fig. 1 Flow chart of participant
selection

Rotterdam Study
N=14,926

Undergone MRI
between 2009-2013:
N=5035

Did not respond to
questionnaire: N=1208

Responded to questionnaire
N=3827

Excluded MRI scans
- due to diagnosis: N=34
- due to artefacts: N=51

Included cross- Subsample
sectional analyses longitudinal analyses
N=3742 N=2397
|
No practice At least one form No, or less than || At least five years
N=3154 of practice five years practice of practice
N=588 N=2179 N=218

|

Control group
N=3453

At least one hour
per week:

coping with stress. The questionnaire also included the
amount of time per week spent on the practice (0 h, <1 h,
1-2 h, > 2 h), and the number of years of practice. For the
exposed group, a cut-off of at least one hour per week was
chosen in order to assess the effect of practice, and at least
one year of practice. Participants practicing less than 1 h
per week or less than a year (N =239) were allocated to
the control group.

Brain MRI acquisition and post-processing
for amygdala volume

Brain MRI data were acquired with a 1.5-Tesla scanner (GE
Healthcare, Milwaukee, Wisconsin) using an eight-channel
head coil during a 30-min brain imaging protocol that was
previously described in detail (Ikram et al. 2011; Jones et al.
1999). Two trained technicians performed all examinations
in a standardized way. This protocol included high-reso-
lution axial fluid-attenuated inversion recovery (FLAIR),
T1-weighted, and T2-weighted sequences. The T1-weighted
image was used for amygdala segmentation and consisted of
a 3D spoiled gradient-recalled echo (SPGR) scan, with voxel
volume of 0.49 x 0.49 x 0.80 mm?>. Automatic segmentation
of subcortical brain structures, including the amygdala and
hippocampus left and right, was performed on T1-weighted
images using Freesurfer software (version 4.5.0) (FreeSurfer
2013). This rendered volumetric measures of gray matter
(in mm?). Exact processing details are described elsewhere
(Reuter et al. 2012; Desikan et al. 2006; Fischl et al. 2002).

Practitioner group
N=289

Co-variables

In order to assess the relationship between meditation and
yoga practice, and amygdala and hippocampal volume, we
took demographic variables, total intracranial volume (ICV
in mm?, derived from automated brain segmentation), car-
diovascular risk factors and psychological functioning into
account as variables that can otherwise affect brain struc-
ture measurements. Highest education achieved was cat-
egorized as “primary education”, “lower and intermediate
general education or lower vocational education”, “interme-
diate vocational education or higher general education”, or
“higher vocational education or university”, according to the
UNESCO guidelines (Statistics 2012).

Cardiovascular risk factors that were taken into account
were body-mass index (BMI), systolic and diastolic blood
pressure, antihypertensive medication, total serum choles-
terol, high density lipoprotein cholesterol, triglycerides,
low-density lipoprotein-cholesterol calculated with the
Friedewald Formula (Friedewald et al. 1972), diabetes
mellitus, smoking and use of alcohol in the assessment of
the amygdala volume, see for exact measurement methods
elsewhere(Mosterd et al. 2001). Smoking status was catego-
rized as never, former, and current smoker. Alcohol use was
categorized as never, regular use (>2-3 times per week at
least 1 beverage), and occasional use (<2—4 times per month
at least 1 beverage).

Psychological functioning was assessed during home
interviews with validated questionnaires and comprises
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measurements of stress, depression and anxiety. The level of
experienced stress was assessed with a 1 item 5-point Likert
scale (“how much stress do you experience on a scale from
1 (not at all) to 5 (very much)?”). Stress unfortunately was
measured only once, so no longitudinal data was available. To
identify current depressive symptoms, we used the Center for
Epidemiological Studies Depression (CES-D) scale, a 20-item
questionnaire which has been validated in a variety of popula-
tions (Lewinsohn et al. 1997). Anxiety was measured with
the seven anxiety items of the Hospital Anxiety and Depres-
sion Scale (HADS-A) (Spinhoven et al. 1997). These items
are scored on a 4-point scale ranging from 0 (absence of the
symptom) to 3 (extreme presence), the sum score indicates
the anxiety level.

Statistical analysis

For the cross-sectional analyses, ANCOVA analyses were
performed to compare characteristics of individuals in the
exposed group to the control group, and for the three prac-
titioners” subgroups for exploratory indications. Apart from
demographics, all other variables were adjusted for age,
sex and education level. All imaging outcomes were also
adjusted for ICV. Subsequently, we conducted multivariable
linear regression analyses to evaluate the association between
meditation and yoga practice, and left and right amygdala vol-
ume. As literature indicates that cortical thickness increases
with meditation practice (Lazar et al. 2005; Grant et al. 2010;
Kang et al. 2013), we also performed an analysis on the ratio
between amygdala volume and total brain volume. For the lon-
gitudinal analyses, linear mixed models were used adjusted for
all covariables to account for repeated measurements.

Imputation

2 percent of values were missing, none of which concerned
outcome variables. Multiple imputation was performed
using 10 iterations with all variables as predictors. In the
variables assessing how many years participants practiced
their activity, missing values due to remembrance issues (“1
don’t remember how many years I have been practicing”)
were imputed by the median value of the group to account
for right censoring. A p-value less than 0.05 was considered
to indicate statistical significance. All data were analyzed
with IBM SPSS Statistics version 21.0 (IBM Corp 2012).

Results
Participant characteristics

Mean age at the time of the MRI scan was 64.1 years (SD
7.7) and 55% were women. A total of 588 individuals
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(15.7%) reported engaging in any form of practice. Using a
cut-off of 1 h per week, 289 individuals performed a practice
(Table 1) with meditation being the most often performed
practice (N =159). 98 participants practiced yoga or similar
movement therapy, and breathing exercises were done by
75 participants (Table 2). 43 individuals took part in more
than one practice. Compared to those who did not report par-
taking in meditation and yoga, individuals who did a form
of practice were higher educated, significantly more often
female (73%) and younger (61.9 years, SD 6.8) (Table 1).
The median duration of practice in the exposed group was
10 years.

Meditation and yoga practices and mental health

Stress and depression were rated significantly higher among
practitioners, while 90.7% of practitioners reported that
doing their activities helped them cope with stress (5.5%
reported it did not and 3.8% did not know). Anxiety did
not differ significantly between practitioners and non-practi-
tioners. Analyzing subgroups, current depressive symptoms
were rated significantly higher amongst meditators but not
in yoga or breathing exercise practitioners, whereas stress
was significantly higher in the yoga and breathing exercise
groups but not in meditators.

Cross-sectional analyses: meditation and yoga
practices and amygdala and hippocampal volume

Total brain volume was not different between those prac-
ticing compared to controls (943.1 ml versus 940.4 ml,
p-value=0.32) (see Table 1). The left amygdala was not
different between the two groups (1321.4 mm? in the prac-
titioners versus 1334.8 mm? in the controls (age-, sex-,
education- and ICV-adjusted, p-value =0.21)); but the right
amygdala was: 1386.8 mm? versus 1415.8 mm® (p <.01).
The ratio between right amygdala and total brain volume
was significantly smaller in practitioners than in non-practi-
tioners (0.147% versus 0.151%, p-value=0.001). Comparing
subgroups, though all of these differences were not statis-
tically significant, the right amygdala was smallest in the
meditation group, whereas the left was smallest amongst
the breathing exercise participants, the yoga group showed
the largest amygdalae. The ratio between right amygdala
and total volume was significantly smaller in the meditation
and breathing groups compared to the control group, though
be it minimal (differences 0.003% p=.018 and 0.004%
p=.046 respectively). The right hippocampus was not sig-
nificantly different between groups. The left hippocampus,
however, was significantly smaller in the practitioner group
(3891.2 mm3) compared to the control group (3958.1 mm3),
p=.036.
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Table 1 Characteristics of the
study population

No meditation and yoga practices
(N=3453)

Meditation and
yoga practices

(N=289)
Mean age, years (SD) 64.3 (7.7) 61.9 (6.8)*
Women 53% 73%*
Highest education, score (SD) 1.7 (0.9) 2.0 (0.9)*
BMI (SD) 27.54.3) 26.6 (4.4)*
SBP mmHg (SD) 139.7 (19.9) 138.3 (20.3)
DBP mmHg (SD) 83.2 (11.3) 82.9 (11.6)
Diabetes mellitus 8.3% 6.4%
HDL cholesterol, mmol/L (SD) 1.5(0.4) 1.5(0.4)
LDL cholesterol, mmol/L (SD) 3.7(1.1) 3.8 (1.0)
Smoking score (SD) 0.43 (0.6) 0.45 (0.7)
Alcohol score (SD) 1.45 (0.6) 1.48 (0.8)
Stress (1-5), mean (SD) 2.0 (1.0) 2.2 (1.0)*
Depression, mean (SD) 5.2 (6.8) 6.2 (6.9)
Anxiety, mean (SD) 15.8 (3.4) 15.4 (3.5)
Total brain, ml (SD) 940.4 (44.3) 943.1 (45.0)
Left amygdala, mm? (SD) 1334.8 (170.9) 1321.4 (173.5)

Right amygdala, mm? (SD)
Left hippocampus, mm? (SD)
Right hippocampus, mm?® (SD)

1415.8 (169.4)
3958.1 (511.3)
3959.6 (496.1)

1386.8 (172.0)*
3891.2 (519.0)"
3920.9 (503.5)

Analyses of lifestyle, cardiovascular risk factors and psychological measures were performed adjusted for
age, sex and education level. Analyses of brain volumes were also adjusted for ICV

Significantly different (p <.05). Groups are based on a cut-off of at least 1 h per week practice

1 ml=1000 mm?

Table 2 Types of practice, mean duration and hours spent per week

Meditation Yoga Breathing exercises

N 0-1 h per week 96 37 106

N 1-2 h per week 83 69 36

N>2 h per week 76 29 39

Mean duration, years  14.9 (15.5) 11.2 (10.6) 13.7 (13.2)
(SD)

N (%)* 159 (55%) 98 (34%) 75 (26%)

Some participants performed more than one practice (e.g. both medi-
tation and yoga. Unique N =289, unique total N=588)

ACut-off: practice 1 h or more per week

Linear regression analyses of the left and right amyg-
dala volume with adjustment for demographics, intracranial
volume, cardiovascular risk and psychological functioning
resulted in the models shown in Table 3. Practicing medita-
tion or yoga compared to not was associated with lower right
amygdala volume (B=—31.8 mm?>, SE 11.2, p=.005). The
left amygdala showed no significant association (f =— 14.5
mm?, SE 11.1, p=-.192). Practice was associated signifi-
cantly with the ratio between right amygdala and total brain
volume (f=-0.38%, SE 0.116, p=.001). Linear regres-
sion also showed that practice was associated with a smaller

Table 3 Cross-sectional analyses. Association between meditation
and yoga practice and different brain volumes (N=3742)

§ (mm® SE p-value 95% Confidence
interval
Lower Upper
Total brain (mm?) 1352.6  2922.0 0.643 —43744 7079.6
Left amygdala —14.5 11.1 0.192 —36.3 7.3
(mm’)
Right amygdala -31.8 11.2 0.005 -538 -98
(mm?®)?
Left hippocampus -753 33.6 0.025 —141.1 -95
(mm?)?*
Right hippocampus -36.8 32.8 0.262 -101.0 274
(mm?)

Regression analyses adjusted for age, sex, ICV, education, cardiovas-
cular risk factors, depression, anxiety, and stress

“Significantly different (p <.05)

left hippocampus: p=—75.3 mm?, SE 33.6, p=.025. Dif-
ferences in the right hippocampus were not statistically
significant.

Depression score was significantly correlated with right
amygdala volume in the control group (r=-0.09, p<.001),
but not in the practitioner group (r=—0.10, p=.078). Stress
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was not significantly correlated with right amygdala vol-
ume (r=-0.02, p=.227), but it was with practice (r=0.09,
p<.001). However, the amount of practice was not corre-
lated with amygdala volume, depression or stress. When
changing the cut-off to 2 h practice a week, there was no
significant difference between the groups anymore.

Longitudinal analyses

For analyzing structural change over time, 2397 partici-
pants were included who had MRI scans taken 5 years
apart. In this sample, only 9% (N =218) practiced medi-
tation or yoga for 5 years or longer. Linear mixed models
adjusted for all covariates showed a significant interaction
over time of practicing meditation and yoga on right amyg-
dala volume (B=-24.4 mm?, SE 11.3, p=.031) (Table 4).
When excluding the adjustment for psychological function-
ing from the model, the right amygdala showed a similar
association (—24.7 mm°, p=.028). There was no effect of
amount of practice (frequency per week x years of prac-
tice) on right amygdala volume (f =—0.4 mm?, SE 0.3,
p=-.15). The left amygdala did not show a significant asso-
ciation (B=—11.8 mm?, SE 11.7, p=.312), nor did right
and left hippocampus (p=116.5 mm?, SE 84.6, p=.17 and
B=—59.4 mm?’, SE 87.1, p=.50 respectively).

Depression scores showed an increase over 5 years with
similar effects in practitioners and controls (0.6 and 1.0 on
the CESD respectively, p=.73). Furthermore, elucidating
the causal relationship between higher depression scores and
smaller amygdala volume, there was no effect of right amyg-
dala volume on CESD score (=-0.001, SE 0.001, p=.21).

Discussion

In this large population-based study we demonstrated that
individuals involved in meditation and yoga practice expe-
rienced higher stress levels, whereas brain imaging shows

Table 4 Longitudinal analyses of the effect of meditation and yoga
practice on volume over 5 years follow-up (N=2397)

Parameter p(mm?* SE  p-value 95% Confidence
interval
Lower  Upper
Left amygdala -11.8 11.7 0312 -347 11.1
Right amygdala® -244 11.3  0.031 -465 -23
Left hippocampus -59.4 87.1 0.495 —-230.6 111.7
Right hippocampus ~ 116.5 84.6 0.169 —49.7 2827

Linear Mixed models adjusted for age, gender, education, ICV, car-
diovascular risk factors, depression, anxiety, and stress

Significantly different (p <.05)
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smaller right amygdala and left hippocampal volume com-
pared to those not practicing. These results are in line with
previous correlational research amongst healthy participants
(Taren et al. 2013). Practicing meditation and yoga had a
significant relation over time with right amygdala volume,
but not with left hippocampal volume, which is in line with
longitudinal research (Holzel et al. 2011).

Elucidating the causal pathways of meditation and yoga
practice, stress and amygdala volume in this context is com-
plex. Early life stressors seem to have an increasing effect
in later life on amygdala volume, and a decreasing effect on
hippocampal volume (Tottenham and Sheridan 2009). Also,
depression has been associated with a larger right amyg-
dala volume (Lange and Irle 2004; Holzel et al. 2010). In
the present study, we observed that the meditation and yoga
group had a smaller right amygdala. Stress reduction has
been associated with less amygdala volume (Holzel et al.
2010), and many other studies support this relationship (Farb
et al. 2007; Goldin and Gross 2010; Desbordes et al. 2012;
Creswell et al. 2007; Holzel et al. 2013). It therefore seems
plausible that the found smaller amygdala volumes are due
to less experienced stress through meditation practice. How-
ever, increasing the cut-off to 2 h of practice a week dimin-
ished the found association, presumably due to merging the
smaller amygdala volume in the 1-2 h practitioner group
with the non-practitioners. This would imply that practic-
ing more hours a week does not per se increase the effect of
practicing meditation and/or yoga. Also, there is a risk of
confounding by indication, which can obscure the effect of
meditation and yoga practice on psychological functioning
(Grobbee and Hoes 2015). Meditation and yoga practices are
known for their stress-reducing intent, making it plausible
that people experiencing stress make use of these strate-
gies, and that practice could even be seen as a marker of
stress. However, not all persons experiencing stress choose
meditation or yoga as coping strategy, and not all practi-
tioners have started this practice because of stress. Further-
more, the regression analyses showed that with and without
adjustment for stress, depression and anxiety, the association
with a smaller right amygdala remains. This indicates that
confounding by indication does not explain the differences
in amygdala volume between the two groups. The higher
reported stress and depression levels could also mean that
meditation and yoga practitioners have become more aware
of their stress, but are at the same time more able to deal
with it hence the smaller amygdala volume.

Volumetric differences were only found in the right amyg-
dala, not in the left. This is in line with previous smaller
studies and is explained by the fact that the right amygdala,
as opposed to the left amygdala, is associated with negative
emotions and immediate action taking, whereas the left is
associated with positive emotions and memory (Lanteaume
et al. 2007; Murray 2009; Markowitsch 1998).
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A number of limitations of this study deserve attention.
Although performed in a very large population-based sam-
ple, this is still a selection of participants that are generally
healthy and motivated to join research. The prevalence of
meditation and yoga practice is slightly lower in this study
population (15.7%) than in other studies (18.9%), where the
latter population was notably younger (Wolsko et al. 2004).
It could be that people with a smaller right amygdala are
naturally drawn to meditation and yoga practices. There is
also risk of information bias since the questionnaire assessed
amount of practice retrospectively. Also, stress was meas-
ured with a one-item Likert-scale instead of a validated ques-
tionnaire, which can increase the risk of information bias
due to inaccuracy. Furthermore, this study contains mainly
elderly individuals, who may not be as actively involved in
meditation and yoga practices as younger people might, and
who also might show a different structural response than
younger participants due to decreased brain plasticity. Physi-
cal activity is likely an intermediary in this association, and
was therefore not taken into account, as causal inference
methodology suggests (Pearl 2009). Finally, this study took
a broad approach to the intervention of interest: practice
involved meditation, yoga and breathing exercises, which
in turn can comprise different styles.

Despite the limitations, the results of this large popula-
tion-based study do give direction for future research on
the stress reducing effects of lifestyle interventions. See-
ing that natural behavior (as it concerns population-based
observations) following these increasingly popular prac-
tices is aligned with the smaller scientific settings of ear-
lier research, poses both encouragement to the application
of the practices and a more detailed understanding of the
neuronal working mechanism. Meditation and yoga practice
are associated with structural differences in right amygdala
volume and the vast majority of practitioners report that it
helps them cope with stress. This suggests that meditation
and yoga practices might be a feasible and accessible life-
style intervention for people suffering from stress and stress-
related diseases. Such practices could be helpful in preven-
tion of stress-related diseases, by recognizing early stages of
stress and changing the neural response to stressful stimuli.

Conclusion

Partaking in meditation and yoga practice is associated with
more experienced stress while it also helps cope with stress,
and is associated with smaller right amygdala volume.
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