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Definition # 1

"Mindfulness is to be aware .  To be aware when you 
are breathing in and to be aware when you are 
breathing out…it is the capacity to be aware of what 
is here.  Anything can be the object of mindfulness. 
Your breath. The sky. It is to be in touch with our felt 
experience in each moment“ 

Thich Nhat Hanh
Book recommendation: Peace is Every Step



Definition # 2
"Mindfulness is paying attention, 

on purpose, 
in the present, and 
non-judgmentally , 

to the unfolding of experience moment by moment”
Jon Kabat-Zinn

Book Recommendation: Full Catastrophe Living



Definition #3
“ Mindfulness is to distinguish 
awareness from   mental activity

it is to learn to be aware of our own mental 
states without being caught in them “

Jack Kornfield
Book Recommendation: Wise Heart



Some Facts About Mindfulness

• Mindfulness does not require any 
particular religious or cultural belief 
system.

• It is not something we acquire.

• It is simple but not easy!



Mindfulness is historically tied to 
Buddhism

• The Buddha taught that suffering is universal.

• We suffer because of the way in which we relate to  our human 
condition (not the human condition itself). 

• There is hope of liberation from suffering

Suggestion: Replace the word “suffering” with “stress”

• We all experience stress. It’s part of being human. We cannot change 
sources of stress, but we can change the way we handle the stress. 



Pain vs. Suffering

Pain
• Inevitable
• Sensation
• Impermanence 

(Sickness, old age, 
death) is inherent in 
human condition

Suffering / Stress
• Optional?
• Pain + resistance to 

the experience pain
(This is unfair; I don’t 

deserve this; this 
should not be 
happening)



Mindfulness is a potential solution 
to handling stress, not pain.

Pain is inevitable.  Stress is not. 



Adverse impact of stress 

• Immune system
• Cardiovascular system
• Nervous system 
• Increases inflammation
• Increases negative mood states
• Increases adrenaline and cortisol levels





Changes to the Brain During Acute 
Stress



Changes to the Brain As A Result 
of Chronic Stress



Stress Reaction Vs. Response

• Stress reaction:  External event à internal 
event àalarm reactivity àstress reaction à
acute hyper arousal à increases chance of 
survival in a dangerous and hostile situations

• Stress Response: introducing conscious 
process that influences the flow of events that 
are likely to bring about automatic reactivity. 



We can make a choice:
React or Respond

“Between the stimulus and response, 
there is a space and in that space lies our 
freedom and power to choose our 
response." 

Victor Frankl



How do we do it? simplified
RAIN of Compassion

� Recognition- NOTICE what is happening 

� Acceptance – Make room for the experience.

� Investigate –be curious, even familiar experiences do not repeat.

� Non-identification –become a witness to the experience. Do not get 
caught in it.

� + Compassion: maintaining at attitude of kindness, friendliness, 
and gentleness towards self and others.



Where does meditation come in?

• Meditation helps increase the space 
between stimulus and response; i.e., it 
increases the likelihood we will respond
rather than react. 





How?
Adopt helpful attitudes (in our mindfulness practice)

Adopt certain attitudes
– Non-judging (of ourselves and others)
– Patience
– Non-striving
– Acceptance
– Letting go



Familiar?

God grant me the serenity 
to accept the things I cannot change; 
courage to change the things I can;
and wisdom to know the difference. 

Reinhold Niebuhr (1892-1971)



This all sounds nice but…really?



What the science says



There has been an explosion of 
scientific interest in mindfulness.

2808
papers 
in 2020



RESEARCH ARTICLE Open Access

The effects of a mindfulness-based lifestyle
program for adults with Parkinson’s disease:
a mixed methods, wait list controlled
randomised control study
Jenny Advocat1*, Joanne Enticott2, Brooke Vandenberg3, Craig Hassed4, Jennifer Hester1,6 and Grant Russell1,4,5

Abstract

Background: Parkinson’s disease (PD) is the second commonest neurodegenerative disease in developed countries.
Current treatment for PD is pharmacologically focused and can have significant side-effects. There is increasing
interest in holistic approaches including mindfulness to help manage the challenges associated with living with
PD. We hypothesised that there would be an improvement in PD associated function and wellbeing in participants
after participating in a 6-week mindfulness-based lifestyle program, and that these improvements would be sustainable
at 6 months. Our primary objective was to determine changes in function and wellbeing associated with PD.

Methods: An exploratory prospective, mixed-method, randomised control trial incorporating a before and after design
with a waitlist control, with an embedded qualitative component was conducted in 2012–2013. Participants included
community living adults with disability congruent to H&Y Stage 2 PD, aged 18–75, fluent in spoken and written
English and able to attend at least four of six sessions of the program. Participants were randomised to the
intervention or wait-list control groups at two locations. All participants in the wait-list control group eventually
received the intervention. Two randomisation codes were created for each location. Allocation to the intervention or
wait-list control was by random number generation. The program facilitator and participants were blinded to
participant data.

Results: Group 1 included 35 participants and group 2 (the waitlist control), 37. Data was analysed from 24
(group 1) and 33 (group 2) participants. The intervention group, compared to the waitlist control, showed a
small improvement in function and wellbeing associated with PD immediately after the program (t-score = −0.
59) and at 6-month post intervention (t-score = −1.42) as reported by the PDQ-39 SI. However this finding
was not significant (p = 0.56 and 0.16 respectively). A small yet significant effect size (β = 0.23) in PDQ-39 ADL
was reported in group 1 after 6-months post-intervention. This showed a positive improvement in the ADL as
reported by group 1 after 6-months (t-score −1.8, p = 0.04). Four secondary measures are reported.
(Continued on next page)

* Correspondence: jenny.advocat@monash.edu
1Southern Academic Primary Care Research Unit, School of Primary Health
Care, Monash University, Bldg 1, 270 Ferntree Gully Rd, Notting Hill, Victoria
3168, Australia
Full list of author information is available at the end of the article

© 2016 The Author(s). Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0
International License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and
reproduction in any medium, provided you give appropriate credit to the original author(s) and the source, provide a link to
the Creative Commons license, and indicate if changes were made. The Creative Commons Public Domain Dedication waiver
(http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated.

Advocat et al. BMC Neurology  (2016) 16:166 
DOI 10.1186/s12883-016-0685-1

Copyright © The British Psychological Society
Reproduction in any form (including the internet) is prohibited without prior permission from the Society

A qualitative analysis of mindfulness-based
cognitive therapy (MBCT) in Parkinson’s disease

Lee Fitzpatrick1*, Jane Simpson1 and Alistair Smith2
1Institute for Health Research, Lancaster University, UK
2Older People’s Mental Health Services, Lancashire Care Foundation NHS Trust,
Chorley, Lancashire, UK

Objectives. To analyse the experiences of participants with Parkinson’s disease
(PD), who participated in an 8-week mindfulness-based cognitive therapy (MBCT)
course.

Design and method. Interpretative phenomenological analysis guided the design
and method used in this study. A total of twelve participants (seven men and five
women) with PD were recruited prior to and following participation in an MBCT
course and interviewed with a semi-structured interview schedule. One participant
who opted out of the course was also interviewed.

The researcher also participated in another MBCT course to enhance their
understanding of the participants’ experience, keeping a detailed diary as a means of
acknowledging bias in the analysis process.

Themes were summarized from transcripts and later classified into superordinate
themes, which were compared across all cases. Transcripts were also read and analysed
by a second author and participants were given the opportunity to comment upon
emerging themes.

Results. Major themes included (1) changing patterns of coping; (2) the role of
mindfulness in consolidating existing coping skills in the context of loss; (3) group
support in the context of loss and society that stigmatizes difference; and (4) the
dualism of experience between Parkinson’s and mindful meditation.

Conclusions. This study has indicated that MBCT could benefit people with PD and
was an acceptable form of group intervention.

Originating from Eastern philosophical and spiritual traditions, mindfulness can be
defined as ‘paying attention in a particular way: on purpose, in the present moment,
non-judgementally’ (Kabat-Zinn, 1994, p. 4). Mindfulness is achieved through the
practice of meditation, which has been described as the ‘scaffolding’ around which
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Mindfulness-based stress reduction in
Parkinson’s disease: a systematic review
G. McLean1, M. Lawrence2, R. Simpson1 and S. W. Mercer1*

Abstract

Background: Mindfulness based stress reduction (MBSR) is increasingly being used to improve outcomes such as
stress and depression in a range of long-term conditions (LTCs). While systematic reviews on MBSR have taken
place for a number of conditions there remains limited information on its impact on individuals with Parkinson’s
disease (PD).

Methods: Medline, Central, Embase, Amed, CINAHAL were searched in March 2016. These databases were searched
using a combination of MeSH subject headings where available and keywords in the title and abstracts. We also
searched the reference lists of related reviews. Study quality was assessed based on questions from the Cochrane
Collaboration risk of bias tool.

Results: Two interventions and three papers with a total of 66 participants were included. The interventions were
undertaken in Belgium (n = 27) and the USA (n = 39). One study reported significantly increased grey matter
density (GMD) in the brains of the MBSR group compared to the usual care group. Significant improvements were
reported in one study for a number of outcomes including PD outcomes, depression, mindfulness, and quality of
life indicators. Only one intervention was of reasonable quality and both interventions failed to control for potential
confounders in the analysis. Adverse events and reasons for drop-outs were not reported. There was also no
reporting on the costs/benefits of the intervention or how they affected health service utilisation.

Conclusion: This systematic review found limited and inconclusive evidence of the effectiveness of MBSR for PD
patients. Both of the included interventions claimed positive effects for PD patients but significant outcomes were
often contradicted by other results. Further trials with larger sample sizes, control groups and longer follow-ups are
needed before the evidence for MBSR in PD can be conclusively judged.

Keywords: Mindfulness, Parkinson’s Disease, Systematic Review, Quality of Life, Depression, Brain

Background
Parkinson’s disease (PD) is a chronic neurodegenerative
disease generally conceptualised as affecting motor func-
tion [1]. However, those with PD often face additional
‘non-motor symptoms’ (NMS), such as mental health co-
morbidities including depression and anxiety [2, 3]. These
NMS have been associated with reduced quality of life in
PD [4]. Depression and anxiety can also exacerbate the
symptoms of PD [2, 5]. Therefore it is important to con-
sider how therapies that can treat the symptoms of anxiety
and depression, and increase resilience to stress may be
beneficial to PD patients in dealing with their condition.

People with PD have been found to be open to non-
pharmacological treatment interventions [6, 7].
Mindfulness based stress reduction (MBSR) is an ap-

proach which is increasingly being used on people with
long-term conditions. MBSR was first conceptualized and
used by Jon Kabat-Zinn [8] and was developed as a com-
plementary intervention in a hospital setting to serve as a
referral service to physicians and other health care pro-
viders for patients with chronic pain or multiple chronic
conditions who were not responding sufficiently to stand-
ard treatments [9]. MBSR and related approaches have
also been associated with improvements for a range of
conditions [10]. Reviews have demonstrated improve-
ments in symptoms amongst people with cancer [11, 12]
pain [13, 14] cardiovascular disease [15], stroke [16] and

* Correspondence: Stewart.Mercer@glasgow.ac.uk
1General Practice and Primary Care, Institute of Health and Wellbeing,
University of Glasgow, I Horselethill Road, Glasgow, Scotland G12 9LX, UK
Full list of author information is available at the end of the article

© The Author(s). 2017 Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0
International License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and
reproduction in any medium, provided you give appropriate credit to the original author(s) and the source, provide a link to
the Creative Commons license, and indicate if changes were made. The Creative Commons Public Domain Dedication waiver
(http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated.

McLean et al. BMC Neurology  (2017) 17:92 
DOI 10.1186/s12883-017-0876-4

ORIGINAL PAPER

Pilot Study of a Mindfulness-Based Group Intervention
for Individuals with Parkinson’s Disease and Their Caregivers

Therese Verkerke Cash1 & Vanessa Sepopo Ekouevi1 & Christopher Kilbourn2 &

Sarah K. Lageman3

Published online: 15 October 2015
# Springer Science+Business Media New York 2015

Abstract This pilot study assessed the feasibility and impact
of an 8-week mindfulness-based group intervention on cogni-
tive and emotional functioning for individuals with
Parkinson’s disease (PD) and their caregivers. Twenty-five
percent of those initially recruited dropped out before com-
pleting the study. The final sample (N=39; 29 patients/10
caregivers) was 53.8 % male, 89.7 % Caucasian, with a mean
level of education of 16.77 years (SD=2.51), and ranged in
age from 50 to 82 (M=65.64, SD=7.62). Mindfulness levels
significantly increased for all participants from pre- to imme-
diate-post. A significant improvement was seen for self-
reported symptoms of depression and self-reported language
functioning. Patient participants uniquely showed significant
improvement on mental flexibility and complex attention
tasks and reported significantly fewer emotional and cognitive
symptoms associated with PD. Participant compliance with
assigned home mindfulness practice was measured with
homework tracking logs, and participants reported an average
of 20 min/day, 6 days/week. Participants attended an average
of six classes. Homework compliance significantly correlated
with improvement in mindfulness levels, apathy and anxiety
symptoms, and on working memory and mental flexibility

tasks. Better class attendance was also associated with in-
creased mindfulness and reduced apathy symptoms.
Increased mindfulness was related to fewer symptoms of ap-
athy and anxiety and better PD-related quality of life. These
results show promise for the use of mindfulness-based inter-
ventions to improve emotional and cognitive functioning in
individuals with PD and their caregivers and suggest that ef-
forts to increase participant retention and encourage home-
work compliance and class attendance are important for opti-
mizing outcomes in future trials.

Keywords Parkinson’s disease . Caregivers .

Mindfulness-based intervention . Compliance . Feasibility

Introduction

Parkinson’s disease (PD) is a neurodegenerative movement
disorder that affects nearly five million people worldwide
and is currently conceptualized as a complex illness affecting
diverse areas of functioning, including both motor and non-
motor symptoms (NMS) (Morley and Hurtig 2010; Tröster
and Fields 2008). NMS, including neuropsychiatric symp-
toms, sleep disorders, autonomic dysfunction, and gastrointes-
tinal dysfunction, have significant impact on quality of life
(QOL) (Chaudhuri et al. 2010). While clinical treatment of
PD has historically focused on alleviation of the primary
motor symptoms, increasing emphasis is now placed on man-
agement of NMS given impact of NMS on QOL (Morley and
Hurtig 2010). The neuropsychiatric symptoms of PD are com-
mon and include mood symptoms, such as depression, apathy,
and anxiety, and cognitive symptoms, such as declines in pro-
cessing speed, attention, memory, and executive functions
(Morley and Hurtig 2010; Tröster and Fields 2008). Because
of its multidimensional nature and the dearth of NMS
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Stress and Mindfulness in Parkinson’s Disease: Clinical Effects
and Potential Underlying Mechanisms
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ABSTRACT: Patients with Parkinson’s disease (PD) are
very vulnerable to the negative effects of psychological
distress: neuropsychiatric symptoms, such as anxiety and
depression, are highly prevalent in PD; motor symptoms
(such as tremor) typically worsen in stressful situations;
and dopaminergic medication is less effective. Further-
more, animal studies of PD suggest that chronic stress
may accelerate disease progression. Adequate self-
management strategies are therefore essential to reduce
the detrimental effects of chronic stress on PD. Mindful-
ness-based interventions encourage individuals to inde-
pendently self-manage and adapt to the challenges
created by their condition. In PD, emerging clinical evi-
dence suggests that mindfulness-based interventions may
reduce psychological distress and improve clinical symp-
toms, but insight into the underlying mechanisms is

lacking. In this viewpoint, we provide a systematic over-
view of existing mindfulness trials in PD. Furthermore, we
discuss the cerebral mechanisms involved in acute and
chronic stress, and the impact of mindfulness-based
interventions on these networks. In addition, we delin-
eate a hypothetical mechanistic framework of how
chronic stress may increase the susceptibility for neuro-
psychiatric symptoms in PD and may potentially even
influence disease progression. We end with offering rec-
ommendations for future research. © 2020 The Authors.
Movement Disorders published by Wiley Periodicals
LLC on behalf of International Parkinson and Movement
Disorder Society

Key Words: Parkinson’s disease; mindfulness; psycho-
logical stress; anxiety; depression; quality of life

Parkinson’s disease (PD) is the fastest growing neuro-
logical disorder in the world: the number of people

with PD has doubled to more than 6 million in the last
two decades. PD is characterized by the motor symp-
toms bradykinesia, rigidity, and tremor, but patients
invariably also have nonmotor symptoms, such as anxi-
ety, depression, cognitive impairment, sleeping prob-
lems, or constipation. The pathophysiological hallmark
of PD is a profound loss of nigrostriatal dopaminergic
neurons and, to a lesser extent, of serotoninergic and
noradrenergic neurons. There is converging clinical evi-
dence that patients with PD are very sensitive to the
effects of psychological stress. First, the prevalence of
stress-related neuropsychiatric symptoms in PD is high:
30% to 40% for depression1 and 25% to 30% for anx-
iety.2 Second, widespread clinical evidence suggests that
stressful episodes worsen certain PD motor symptoms,
such as tremor,3 freezing of gait,4 and dyskinesia.5 Fur-
thermore, we have recently shown in 358 patients with
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points (improvement) and +4.2 points (worsening),
whereas the MCID for the PDQ-8 is −5.9 and +4.9
points.21 None of the included studies using the PDQ
found a change that exceeded this threshold (Table 1).
Taken together, for many studies it remains unclear
whether the effects were clinically meaningful, either
because the MCID for the outcome measure was
unknown or because the reported effects did not exceed
the MCID. Future studies may take this into account
when choosing the primary outcome measure, using the
MCID as the basis for a power analysis.
The largest randomized controlled trial yet in PD was

performed in Hongkong and compared 71 patients
who received mindfulness yoga training with 67 patients
who received stretching and resistance exercises.18 This
study reported that the mindfulness yoga intervention
significantly improved depression, anxiety, motor
scores, and QoL scores, as compared with the active
control (Table 1). The data also show a remarkable
improvement in the MDS-UPDRS III. Average scores
were reduced from 34.9 (SD 14.9) at study onset to
21.1 after the mindfulness yoga intervention (large
effect size: Cohen’s d = 0.93). It is noteworthy that
these large motor improvements were not accompanied

by clinically relevant improvements in QoL. This MDS-
UPDRS improvement is very large even when compared
with other effective interventions. For example, in
patients with PD starting with 100/25 mg levodopa/car-
bidopa 3x daily, total MDS-UPDRS improved from
28.0 (SD 11.2) to 23.5 points (medium effect size:
Cohen’s d = 0.40).27 Therefore, although the data are
encouraging, these findings must be replicated in future
studies, which should also make clear whether results
from an Asian population can be extrapolated to a
Caucasian population. Taken together, previous studies
suggest that mindfulness-based interventions may
improve depression and anxiety in PD, whereas the evi-
dence for improved motor symptoms and QoL is less
strong.

Cerebral Effects of Stress
and Mindfulness

Acute stress is associated with increased salience net-
work activation, consisting of the amygdala, anterior
cingulate, and insula.28 It also prompts deactivations in
the central executive network, including the

TABLE 1. Reported change in reviewed articles after mindfulness-based intervention

Study

Sample Size

Motor Symptoms
Instrument

(Maximum Score)
Absolute

Change (SD)

Depression
Instrument

(Maximum Score)
Absolute

Change (SD)

Anxiety
Instrument

(Maximum Score)
Absolute

Change (SD)

Quality-of-Life
Instrument

(Maximum Score)
Absolute

Change (SD)

Intervention Control Intervention Control Intervention Control Intervention Control Intervention Control

Advocat (2016) [22] n = 24 n = 33 DASS-D (42) DASS-A (42) PDQ-39 (156)
+1.9a +1.1 +0.3 −0.6 −0.5 −1.5

Birtwell (2017) [23] n = 6 (uncontrolled) DASS-D (42) DASS-A (42) PDQ-39 (156)
−9.0a −7.5a N.I.

Cash (2016) [24] n = 39 (combined:
29 patients with PD
with 10 caregivers)

PHQ-9 (27) GAD-7 (21) PDQ-39 (156)
−1.6a −0.9 −2.4

Dissanayaka (2016) [12] n = 14 (uncontrolled) MDS UPDRS-III (76) HAM-D (52) GAI (20) PDQ-39 (156)
−0.8 −0.8a −1.9a −2.8

Kwok (2019) [23] n = 71 n = 67 MDS UPDRS-III (76)c HADS-D (21)c HADS-A (21)c PDQ-8 (32)c

−13.8a −9.1a −2.6 −0.3 −2.4 −0.4 −2.2 +0.5
Pickut (2015) [25] n = 14 n = 13 MDS UPDRS-III (76)c BDI PDQ-pain (12)

−5.5a +1.1 N.I. N.I. +0.8a −0.7
Rodgers (2019) [26] n = 15 n = 12 DASS-D (42)c DASS-A (42)a PDQ-39 (156)a

−0.8 a +0.4 −0.7 −1.3 −1.8 −3.0
Son (2018) [24] n = 33 n = 30 GDS (30)b STAI (160)b PDQL (185)b

−3.4 −1.0 −6.5 +9.4 +17.4 −8.6

Absolute changes between baseline and postintervention for measures relating to motor symptoms, depression, anxiety, and quality of life are listed. Values in
parentheses are the maximum score per measure. Characteristics of studies and used measures can be found in the Supporting Information. Boldface
indicates improvement; italics indicates worsening at postintervention.
aChange (P < 0.05) between T1 (baseline) and T2 (postintervention).
bDifference (P < 0.05) between groups (in controlled studies) at T2 (postintervention).
c2×2 interactions between time (preintervention and postintervention) and group (intervention and control).
Abbreviations: MDS UPDRS-III, Movement Disorder Society Unified Parkinson’s Disease Rating Scale Part III; BDI, Beck Depression Inventory; N.I., not indicated;
DASS, Depression Anxiety Stress Scale (A = anxiety sub-scale, D = depression sub-scale); GAI, geriatric anxiety inventory; GAD, generalized anxiety disorder;
GDS, geriatric depression scale; HADS, hospital anxiety and depression scale (A = anxiety sub-scale, D = depression sub-scale); HAM, Hamilton depression
rating scale; PDQ, Parkinson’s disease questionnaire; PDQL, Parkinson’s disease quality of life; PHQ, patient health questionnaire; STAI, state-trait anxiety
inventory.
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What’s happening in the brain?



Background: Major Neural Networks 

Negative Affect / Rumination
Critical Self-Talk

Focused Attention

Motivation / Effort / 
Sense of Reward

Mulders et al. 2015 Neuroscience and Biobehavioral Reviews

Three Major Neural Networks Symptoms Associated with 
Network Dysfunction 



Background: 
Focus on Default Mode and Cognitive Control 

Networks

Yehuda et al. 2015 Nature Reviews Disease Primers



Mindfulness Meditation Improves Functional 
Connectivity Between Brain Regions Involved in 

Focused Attention and Rumination

Intensive 3 day mindfulness program increased functional connectivity between left 
dorsolateral prefrontal cortex (CCN) and posterior cingulate (DMN).

Relaxation training did not result in similar enhancement of connectivity. 

Mindful Relax

Mindful Relax



dorsolateral prefrontal cortex, posterior parietal cortex,
precentral sulcus, and frontal eye fields. Chronic stress
leads to neuroplastic changes in key nodes of these net-
works: growth of amygdala and orbitofrontal cortex,
but shrinkage of the hippocampus and medial prefron-
tal cortex (Fig. 1A).29 After a mindfulness-based inter-
vention, reduced stress correlated with gray matter
density decrease in the amygdala but increase in the
hippocampus. In addition, mindfulness-based interven-
tion studies consistently showed increased activity,30 as
well as structural changes,31 in the insula, anterior and
posterior cingulate cortex, striatum, and the medial and
dorsolateral prefrontal cortex (Fig. 1B). All of these
regions have important roles in attentional control,
emotional regulation, and self-awareness, and they
largely overlap with regions where activity changes dur-
ing acute stress. We acknowledge that many other brain
areas are likely also involved in mindfulness practice,
but this requires more research. Only one trial investi-
gated (structural) brain changes after a mindfulness-
based intervention in patients with PD.32 The interven-
tion group showed increased gray matter density in the

hippocampus, amygdala, caudate nucleus, left thala-
mus, temporoparietal junction, cuneus, left occipital
lobe, and left parahippocampal gyrus. The usual care
group showed decreased gray matter density in the
cerebellum.

Cerebral Effects of Chronic
Stress in PD

As outlined earlier, chronic stress influences the brain
both at the systems level (large-scale brain circuits) and
at the molecular level (Fig. 2). Through these changes,
chronic stress may affect PD brains by increasing the
susceptibility to depressive and anxiety disorders, while
also potentially impacting the already injured dopami-
nergic nigrostriatal system in patients with PD. Although
this remains highly speculative at this stage, the follow-
ing mechanisms may contribute to these effects.
First, high levels of glucocorticoids that result from

chronic stress decrease the expression of brain-derived
neurotrophic factor, which facilitates stress-induced

FIG. 1. Brain network activity related to stress and mindfulness. (A) Brain regions are activated (blue) or deactivated (orange) during acute stress,28

resulting in neuroplastic structural changes in core regions after chronic stress.29 (B) Brain regions for which altered activation,30 as well as structural
brain changes,31 have repeatedly been demonstrated in mindfulness practitioners. Blue regions consistently show activation during mindfulness-related
tasks or resting state, whereas orange regions were found to be deactivated. [Color figure can be viewed at wileyonlinelibrary.com]
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What’s happening in the brain as a result of stress 
and mindfulness?

dorsolateral prefrontal cortex, posterior parietal cortex,
precentral sulcus, and frontal eye fields. Chronic stress
leads to neuroplastic changes in key nodes of these net-
works: growth of amygdala and orbitofrontal cortex,
but shrinkage of the hippocampus and medial prefron-
tal cortex (Fig. 1A).29 After a mindfulness-based inter-
vention, reduced stress correlated with gray matter
density decrease in the amygdala but increase in the
hippocampus. In addition, mindfulness-based interven-
tion studies consistently showed increased activity,30 as
well as structural changes,31 in the insula, anterior and
posterior cingulate cortex, striatum, and the medial and
dorsolateral prefrontal cortex (Fig. 1B). All of these
regions have important roles in attentional control,
emotional regulation, and self-awareness, and they
largely overlap with regions where activity changes dur-
ing acute stress. We acknowledge that many other brain
areas are likely also involved in mindfulness practice,
but this requires more research. Only one trial investi-
gated (structural) brain changes after a mindfulness-
based intervention in patients with PD.32 The interven-
tion group showed increased gray matter density in the

hippocampus, amygdala, caudate nucleus, left thala-
mus, temporoparietal junction, cuneus, left occipital
lobe, and left parahippocampal gyrus. The usual care
group showed decreased gray matter density in the
cerebellum.

Cerebral Effects of Chronic
Stress in PD

As outlined earlier, chronic stress influences the brain
both at the systems level (large-scale brain circuits) and
at the molecular level (Fig. 2). Through these changes,
chronic stress may affect PD brains by increasing the
susceptibility to depressive and anxiety disorders, while
also potentially impacting the already injured dopami-
nergic nigrostriatal system in patients with PD. Although
this remains highly speculative at this stage, the follow-
ing mechanisms may contribute to these effects.
First, high levels of glucocorticoids that result from

chronic stress decrease the expression of brain-derived
neurotrophic factor, which facilitates stress-induced

FIG. 1. Brain network activity related to stress and mindfulness. (A) Brain regions are activated (blue) or deactivated (orange) during acute stress,28

resulting in neuroplastic structural changes in core regions after chronic stress.29 (B) Brain regions for which altered activation,30 as well as structural
brain changes,31 have repeatedly been demonstrated in mindfulness practitioners. Blue regions consistently show activation during mindfulness-related
tasks or resting state, whereas orange regions were found to be deactivated. [Color figure can be viewed at wileyonlinelibrary.com]
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dorsolateral prefrontal cortex, posterior parietal cortex,
precentral sulcus, and frontal eye fields. Chronic stress
leads to neuroplastic changes in key nodes of these net-
works: growth of amygdala and orbitofrontal cortex,
but shrinkage of the hippocampus and medial prefron-
tal cortex (Fig. 1A).29 After a mindfulness-based inter-
vention, reduced stress correlated with gray matter
density decrease in the amygdala but increase in the
hippocampus. In addition, mindfulness-based interven-
tion studies consistently showed increased activity,30 as
well as structural changes,31 in the insula, anterior and
posterior cingulate cortex, striatum, and the medial and
dorsolateral prefrontal cortex (Fig. 1B). All of these
regions have important roles in attentional control,
emotional regulation, and self-awareness, and they
largely overlap with regions where activity changes dur-
ing acute stress. We acknowledge that many other brain
areas are likely also involved in mindfulness practice,
but this requires more research. Only one trial investi-
gated (structural) brain changes after a mindfulness-
based intervention in patients with PD.32 The interven-
tion group showed increased gray matter density in the

hippocampus, amygdala, caudate nucleus, left thala-
mus, temporoparietal junction, cuneus, left occipital
lobe, and left parahippocampal gyrus. The usual care
group showed decreased gray matter density in the
cerebellum.

Cerebral Effects of Chronic
Stress in PD

As outlined earlier, chronic stress influences the brain
both at the systems level (large-scale brain circuits) and
at the molecular level (Fig. 2). Through these changes,
chronic stress may affect PD brains by increasing the
susceptibility to depressive and anxiety disorders, while
also potentially impacting the already injured dopami-
nergic nigrostriatal system in patients with PD. Although
this remains highly speculative at this stage, the follow-
ing mechanisms may contribute to these effects.
First, high levels of glucocorticoids that result from

chronic stress decrease the expression of brain-derived
neurotrophic factor, which facilitates stress-induced

FIG. 1. Brain network activity related to stress and mindfulness. (A) Brain regions are activated (blue) or deactivated (orange) during acute stress,28

resulting in neuroplastic structural changes in core regions after chronic stress.29 (B) Brain regions for which altered activation,30 as well as structural
brain changes,31 have repeatedly been demonstrated in mindfulness practitioners. Blue regions consistently show activation during mindfulness-related
tasks or resting state, whereas orange regions were found to be deactivated. [Color figure can be viewed at wileyonlinelibrary.com]
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Model Theorizing Effect of 
Mindfulness in persons with PD

remodeling of the hippocampus, amygdala, and pre-
frontal cortex.33 Several studies observed an increase in
brain-derived neurotrophic factor plasma level after
mindfulness or meditation interventions,39 suggesting
that mindfulness-based interventions might counteract
this stress-induced remodeling. This stress-induced atro-
phy in the hippocampus and prefrontal cortex and
growth in the amygdala likely contribute to impaired
cognitive function and emotion regulation, increasing
the risk for development of depressive and anxiety dis-
orders.34 Because of the inhibitory control of the hippo-
campus over the HPA axis,40 hippocampal atrophy
also results in disinhibition of the HPA axis, causing a
positive feedforward cascade that further increases glu-
cocorticoid levels,35 which is another potential vicious
circle. In a similar way, noradrenaline release during
acute stress may influence processing in specific brain
regions. For example, the noradrenaline system excites
the thalamus during a cognitively demanding task,
resulting in increased tremor power.41 Whether similar
mechanisms apply during chronic stress is unclear.
Second, chronic stress might aggravate the progres-

sion of nigrostriatal cell loss in PD, accelerating dis-
ease progression. Findings in rodent models of PD
have provided some evidence in that direction: chronic
stress exacerbated dopaminergic and noradrenergic
neuronal loss,36,42 and injection of corticosterone
(which is elevated in chronic stress) increased the
severity of cerebral alpha-synucleopathy.43 This might
be driven by neuroinflammation: stress hormones
(such as cortisol) affect major immune functions by
increasing microglia activation,36 although inflamma-
tion can, of course, also be triggered by other factors.

Interestingly, in subjects with mild cognitive impair-
ment, mindfulness reduced levels of inflammatory bio-
marker C-reactive protein (CRP).44 In PD, a meta-
analysis showed increased CRP levels, but it is unclear
whether this is associated with stress.45 Furthermore,
the increased energy demands needed to respond to
chronic stress are associated with increased production
of reactive oxygen species, resulting in oxidative dam-
age in several areas, including cortical regions, hippo-
campus and striatum.37 These molecular changes may
contribute to degeneration of nigrostriatal dopaminer-
gic neurons.38 In PD, this could result in a vicious cir-
cle: dopaminergic dysfunction of the striatum increases
the stress sensitivity of affected individuals (because of
impaired coping and reduced behavioral flexibility),
while resulting psychological distress could negatively
impact nigrostriatal dysfunction.8 Additional research
may test this hypothesis.
Another way in which stress might influence PD dis-

ease progression is by depleting compensatory mecha-
nisms. In PD, clinical symptoms usually become
apparent when >50% of dopaminergic cells are lost.
This suggests that compensatory mechanisms must take
place in the early phase of PD to prevent overt clinical
symptoms. These compensatory mechanisms are
thought to take place both in the striatal dopamine sys-
tem and at the level of large-scale brain networks.46

Under stressful conditions, the residual dopaminergic
function is compromised, and attentional resources are
depleted, in a similar way as dual tasking does.47 This
may “unmask” clinical symptoms that were not seen
before or increase the severity of already manifest
symptoms.

FIG. 2. A pathophysiological model of chronic stress in Parkinson’s disease (PD). This figure provides a hypothetical (and simplified) framework of how
chronic stress in patients with PD may lead to higher susceptibility for depressive and anxiety disorders on the one hand, and to a more rapid progres-
sion of the disease on the other hand. Upper part: the high levels of glucocorticoids that result from chronic stress decrease the expression of brain-
derived neurotrophic factor (BDNF), which induces atrophy in the hippocampus and prefrontal cortex and growth in the amygdala.33 This increases the
risk for development of depressive and anxiety disorders.34 Hippocampal atrophy also disinhibits the hypothalamic–pituitary–adrenal (HPA) axis, further
increasing glucocorticoid levels.35 Lower part: elevated glucocorticoid levels also increase neuroinflammation36 and production of reactive oxygen spe-
cies (ROS).37 These molecular changes may contribute to degeneration of nigrostriatal dopaminergic neurons.38
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Mindfulness Meditation Decreases Anxiety/Worry 
and Improves Cognition in Older Adults 



What do people report after a 
course in mindfulness training?

�Lasting decrease in physical and psychological 
symptoms

�An increase in ability to relax
�Reduction in pain/or enhanced coping with pain
�Greater energy and enthusiasm for life
� Improved self-esteem
Center for Mindfulness in Medicine, Health Care, and Society, UMASS School of 

Medicine



Different methods – let’s practice!

Focusing on breath
– Count 10 in and out breaths

• Notice when your mind goes somewhere else and 
bring it back to the breath.

Open monitoring
– Senses
– Body scan



Practice, practice, practice
• Developing and cultivating a mindfulness 

practice is simple but not easy.  Most likely 
you will need teachers and fellow travelers 
along the way.  

• Formal practice
• Informal practice



Big business

Revenue in the Meditation Apps market is 
projected to reach 4.43 billion dollars in 2023.



Still a free resource…Youtube



Thank you for your attention.

Let’s try it!


