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Neurological Evidence of a Mind-Body Connection:
Mindfulness and Pain Control
Raymond St. Marie, M.D., Kellie S. Talebkhah, M.S.

Chronic pain is commonly defined as an
unpleasant experience felt in any part
of the body that persists longer than 3
months and that may or may not be associated with a well-defined illness process
(1). Chronic pain affects up to 28%–65%
of the U.S. population and often leads to
reduced occupational activity and subsequent economic loss (2). In 2008, the
costs of chronic pain in the United States
ranged from $560 to $635 billion (3). In
addition to health care costs, chronic
pain results in lost economic productivity, as well as exorbitant financial compensation for persons unable to work
(3). Providing pain relief that is clinically
significant and sustained and that has
few adverse effects is the goal of chronic
pain management (4). Here, we assess
the role of the mind-body connection
(i.e., social, emotional, and behavioral
factors influencing physical health) and
how it relates to mindfulness techniques
that can alleviate chronic pain (5).
Currently, the most commonly used
and most widely available treatment
modality for chronic pain is medication,
with the goal of maximizing efficacy
with the fewest toxic side effects (6, 7).
The most commonly prescribed agents
are opioid-based medications, nonopioid
agents (nonsteroidal anti-inflammatory
drugs and acetaminophen), and adjuvant
medications (anticonvulsants, muscle relaxants, corticosteroids, topical-numbing
agents, and antidepressants) (8). However, there are nonpharmacologic treatment modalities, including mindfulness
techniques, exercise programs, brain
and spinal cord stimulation, and virtualreality hypnosis (9). The most effective
results are typically seen in multidisciplinary pain clinics, but these clinic services are not widely available to all patients (10).

Numerous studies have demonstrated
the inadequacy of current pain management modalities and the need for newer,
more widely available interventions (6,
11). Physicians should consider supplementing or replacing medications with
nonpharmacologic modalities such as
mindfulness (12, 13). Dr. Jon Kabat-Zinn,
founder of the Center for Mindfulness in
Medicine, defines mindfulness as “paying attention to something, in a particular
way, on purpose, in the present moment,
non-judgmentally” (14). The goal of
mindfulness in the treatment of chronic
pain is to cultivate a quality of openness
and experiential acceptance of pain,
rather than rejecting or avoiding the pain
(14). In this way, mindfulness can be beneficial in treating chronic pain through a
noninvasive approach via the mind-body
connection (11).
THE ROLE OF MINDFULNESS
Mindfulness has been used as a supplement to medication for various conditions, including cancer, diabetes, and
eating disorders (15–17). Dr. Kabat-Zinn
describes mindfulness as being “more in
touch with the fullness of [one’s] being
through a systematic process of selfobservation, self-inquiry, and mindful
action” (18). For many patients who experience chronic pain, these concepts of
inward reflection may not appear to be
possible, helpful, or preferable to medication. Furthermore, such patients may
not associate the pervasive, intense nature of their condition with a psychological or spiritual idea (18). However, there
is a growing body of evidence suggesting
that mindfulness can be effective in the
treatment of chronic pain (19).
Many studies have independently
examined the effectiveness of mindful-
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ness in pain reduction, the neurological effects of mindfulness, and the neurophysiology of pain (20–22). However,
few studies have examined these aspects
simultaneously while also investigating
the relevant neurophysiological processes in relation to pain reduction (23).
BRAIN REGIONS INVOLVED IN PAIN
PROCESSING
The various brain regions involved in
central pain processing have specific, understood roles in the anticipation, evaluation, and response to pain. The lateral
thalamus and primary somatosensory
cortex are associated with the sensory
processing and discriminative aspects
of painful stimuli (24). The anterior cingulate and insular cortices have been
shown to play a role in the emotional
and arousal responses to pain, as well as
in attentional processing, which is the
way a person’s brain filters relevant information from distractions in order to
appropriately respond to a stimulus (24–
26). The hippocampus and amygdala, alternatively, are involved in the anticipation of pain, while the thalamus modifies
afferent input to these limbic structures
(25, 27) (Figure 1).
STRUCTURAL BRAIN CHANGES
Neuroplasticity can occur within the nociceptive pathways involving the aforementioned brain regions in people who
practice mindfulness-based stress reduction (24). Mindfulness-based stress
reduction is a structured, weekly meditation program that has standardized
guidelines and involves a combination
of mindfulness meditation, body awareness, and yoga (19). Su et al. (28) examined functional MRI (fMRI) scans of
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FIGURE 1. Brain Regions Involved in Pain Processinga
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The open circles represent the specific role of a brain region in pain processing, and the small black
squares represent neurological changes associated with mindfulness in conjunction with decreasing pain.

the brains of persons who completed a
6-week mindfulness-based-stress-reduction course. fMRI was conducted at baseline and 6 weeks after completion of the
course. Participants who completed the
course experienced significantly less subjective pain elicited by a thermal stimulus
compared with control subjects who did
not complete the course. Attenuation of
pain was associated with increased neuronal connectivity from the anterior insular cortex and dorsal anterior mid-cin-
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with significantly thicker dorsal anterior
cingulate cortex and significantly thicker
secondary somatosensory cortex. These
results suggest that long-term mindfulness practice may affect cortical thickness in pain-related brain areas, thus
causing changes in pain sensitivity (20).

Emotional and arousal response
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o
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gulate cortex. These results suggest that
mindfulness plays a role in the modulation of brain connections and networks
that underlie the subjective experience
of pain (28).
Grant et al. (20) used structural MRI
scans to examine a group of individuals
who were experts (defined as >10,000
hours of practice) in meditation techniques. Compared with control subjects,
the expert meditators had a decreased
sensitivity to pain, which was associated
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SIGNAL-PROCESSING CHANGES
Changes in the processing of pain signals, specifically in areas involved in pain
anticipation and attentional processing,
have been reported (25). Lutz et al. (25)
used fMRI in a study demonstrating that
mindfulness techniques can modulate
neural brain processes before (anticipation) and during (attentional) painful
stimuli. In this study, expert meditators
(compared with control subjects) reported significantly less unpleasantness
from a painful stimulus elicited during
meditation, which was associated with
enhanced activity in the dorsal anterior
insula and the anterior mid-cingulate,
two areas of the brain associated with attentional processing. Meditators also had
significantly less activity in the amygdala,
an area associated with pain anticipation.
These findings support the mindfulness
principle, which suggests that openness
of oneself to an experience of pain (attentional processing) rather than avoidance
(anticipation) may reduce the mind’s
tendency toward anxiety, which can further exacerbate pain (25).
In another fMRI study, Zeidan et al.
(29) reported that subjective decreases
in pain sensation were associated with
increased activity in the anterior cingulate cortex and anterior insula, two areas
involved in the emotional regulation of
pain processing as well as attentional
processing. Increased activation in the
orbitofrontal cortex, an area known to
reframe contextual evaluation of sensory
events similar to attentional processing,
was also observed. Additionally, reductions in pain unpleasantness were associated with thalamic deactivation (29).
The aforementioned studies demonstrated that there are neurological
changes involved in differentiating between the sensory experience of pain
(subjective intolerance to pain) and the
emotional response to pain (hopelessness and fear) (20, 24, 25, 29). Identifying
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KEY POINTS/CLINICAL PEARLS
• Chronic pain affects up to 65% of the U.S. population and often leads to reduced occupational activity and subsequent economic loss.

4.

• Current pain management modalities are inadequate, leaving opportunity for
nonpharmacological modalities such as mindfulness.

5.

• Mindfulness involves nonjudgmental observation of and present-moment engagement with one’s physical, emotional, and mental states.

6.

• There are proven neuroanatomical and neurophysiological changes associated with mindfulness in reducing the subjective experience of pain.

these experiences as separate, or “uncoupling” them from the emotional response
via mindfulness techniques, allows one
to distinguish between unpleasant sensations and secondary emotions in the context of pain, thus reducing the body’s sensitivity to the unpleasant experience (18).

ness of changes in emotional state, a
key concept of mindfulness (32). Being
consciously aware of pain and uncoupling it from negative emotion are keys
to decreasing the subjective experience
of pain (18, 32).
CONCLUSIONS

AUTONOMIC NERVOUS SYSTEM
PROCESS CHANGES
The autonomic nervous system plays a
role in the anticipation of and response
to pain (30). Through its integration with
structures in the upper brainstem, hypothalamus, anterior cingulate cortex, insula, and amygdala, the autonomic nervous system integrates bodily sensation
with emotion and generates homeostatic
autonomic responses (30). Lush et al. (31)
reported that women with fibromyalgia who completed a mindfulness-based
stress-reduction program had decreases
in basal sympathetic tone. Sympathetic
nervous system responses typically exacerbate the physical symptoms of illness (30). Therefore, mindfulness-based
stress reduction appears to play a role in
attenuating autonomic nervous system
responses, which can reduce chronic
pain (31).
Braden et al. (32) reported that mindfulness-based stress-reduction practices
were linked to alterations in the autonomic nervous system, specifically an
increase in regional frontal-lobe blood
flow, which was associated with the attenuation of chronic back pain and affective depression symptoms (32). The
frontal lobe plays a role in reframing
the contextual evaluation of an event
(25). Therefore, this increase in hemodynamic activity is presumably associated with the reevaluation and aware-

Although mindfulness has been well
studied as an effective supplement or
augmentation for pain management, few
studies have simultaneously examined
the neuroanatomical and neurophysiological alterations that can occur as a
result of mindfulness to actively reduce
pain. There are some contradictory studies that have demonstrated the potential
ineffectiveness of mindfulness; however,
it is important to consider that mindfulness is a modality that has minimal risks
and can be beneficial. Further studies are
needed to expand our understanding of
the neurophysiological and psychological mechanisms underlying the effects
of mindfulness on pain processing and
perception.
Dr. St. Marie is a second-year resident in
the Department of Psychiatry at the University at Buffalo, Buffalo, N.Y. Kellie Talebkhah is a second-year psychology doctoral
student at the University at Buffalo.

REFERENCES
1.
2.

3.

Anand K, Craig K: New perspectives on the
definition of pain. Pain 1996; 67:3–6
Gerdle B, Bjork J, Henriksson C, et al: Prevalence of current and chronic pain and their
influences upon work and healthcare- seeking: a population study. J Rheumatol 2004;
31(7):1399–1406
Gaskin J, Richard P: The Economic Costs of
Pain in the United States: Relieving Pain in
America: A Blueprint for Transofming Pre-

The American Journal of Psychiatry Residents’ Journal | April 2018

7.

8.

9.

10.

11.

12.

13.

14.

15.

16.

17.

18.
19.

PREVIOUS

NEXT

vention, Care, Education, and Research.
Washington, DC, National Academies Press,
2011
Finnerup N, Sindrup S, Jensen T: The evidence for pharmacological treatment of
neuropathic pain. Pain 2010; 150:573–581
Ray O: How the mind hurts and heals the
body. Am Psychol 2004; 59(1):29–40
Falope E, Appel S: Substantive review of
the literature of medication treatment of
chronic low back pain among adults. J Am
Assoc Nurse Pract 2015; 27(5):270–279
Gilron I, Jensen T, Dickenson A: Combination pharmacotherapy for management of
chronic pain: from bench to bedside. Lancet
Neurol 2013; 12:1084–1095
Fine P: Pharmacological management of
persistent pain in older patients. Clin J Pain
2004; 20(4):220–226
Turk D, McCarberg B: Non-pharmacological
treatments for chronic pain: a disease management context. Dis Manag Health Outcomes 2005; 13(1):19–30
Okifuji A, Turk A, Kalauokalani D, et al:
Clinical outcome and economic evaluation
of multidisciplinary pain centers, in Handbook of Pain Syndromes: Biopsychosocial
Perspectives. Edited by Block A, Kremer E,
Fernandez E. Mahwah, NJ, Lawrence Erlbaum Associates Publishers, 1999, pp 77–97
Lee C, Crawford C, Hickey A: Mind-body
therapies for the self-management of chronic
pain symptoms. Pain Med 2014; 15:S21–S39
Lynch M, Watson C: The pharmacotherapy
of chronic pain: a review. Pain Res Manag
2006; 11(1):11–38
Burdick D: Mindfulness Skills Workbook for
Clinicians and Clients: 111 Tools, Techniques, Activities, and Worksheets. Eau
Claire, Wisc, PESI Publishing and Media,
2013, p 9
Kabat-Zinn J: The clinical use of mindfulness
meditation for the self-regulation of chronic
pain. J Behav Med 1985; 8(2):163–190
Zhang J, Zhou Y, Feng Z, et al: Randomized
controlled trial of mindfulness-based stress
reduction (MBSR) on posttraumatic growth
of Chinese breast cancer survivors. Psychol
Health Med 2017; 22(1):94–109
Caluyong M, Zambrana A, Romanow H, et
al: The relationship between mindfulness,
depression, diabetes self-care, and healthrelated quality of life in patients with type 2
diabetes. Mindfulness 2015; 6(6):1313–1321
Cook-Cottone C: Incorporating positive
body image into the treatment of eating disorders: a model for attunement and mindful
self-care. Body Image 2015; 14:158–167
Kabat-Zinn J: Wherever you go, there you
are. New York, MJF Books; 1994, p6
Wong S, Chan F, Wong R, et al: Comparing
the effectiveness of mindfulness-based
stress reduction and multidisciplinary intervention programs for chronic pain: a randomized comparative trial. Clin J Pain 2011;
27:724–734

4

HOME

20. Grant J, Courtemanche J, Duerden E, et al:
Cortical thickness and pain sensitivity in
Zen meditators. Emotion 2010; 10(1):43–53
21. Grossman P, Niemann L, Schmidt S, et al:
Mindfulness-based stress reduction and
health benefits: a meta-analysis. J Psychosom Res 2004; 57:35–43
22. Shapiro S, Carlson L, Astin J, et al: Mechanisms of mindfulness. J Clin Psychol 2006;
62(3):373–386
23. Greeson J, Eisenlohr-Moul T: Mindfulnessbased stress reduction for chronic pain, in
Mindfulness-Based Treatment Approaches.
Edited by Baer R. San Diego, Academic
Press, 2014, pp 269–292
24. Nakata H, Sakamoto K, Kakigi R: Meditation reduces pain-related neural activity in
the anterior cingulate cortex, insula, secondary somatosensory cortex, and thala-

25.

26.

27.

28.

mus. Front Psychol 2014; 5:1489. doi:
10.3389/fpsyg.2014.01489
Lutz A, McFarlin D, Perlman D, et al: Altered
anterior insula activation during anticipation
and experience of painful stimuli in expert
meditators. Neuroimage 2013; 64:538–546
Apkarian A, Bushnell M, Treede R, et al: Human brain mechanisms of pain perception
and regulation in health and disease. Eur J
Pain 2005; 9(4):463–484
Ploghaus A, Narain C, Tracey I, et al: Exacerbation of pain by anxiety is associated
with activity in a hippocampal network. J
Neurosci 2001; 21(24):9896–9903
Su I, Liang K, Cheng K, et al: Pain perception can be modulated by mindfulness training: a resting-state fMRI study. Front Hum
Neurosci 2016; 10:570

PREVIOUS

NEXT

29. Zeidan F, Martucci K, Kraft R, et al: Brain
mechanisms supporting the modulation of
pain by mindfulness meditation. J Neurosci
2011; 31(14):5540–5548
30. Cortelli P, Giannini G, Favoni V, et al: Nociception and autonomic nervous system.
Neurol Sci 2013; 34:S41–S46
31. Lush E, Salmon P, Floyd A, et al: Mindfulness meditation for symptom reduction in
fibromyalgia: psychophysiological correlates. J Clin Psychol Med Settings 2009;
16(2):200–207
32. Braden BB, Pipe TB, Smith R, et al: Brain
and behavior changes associated with an abbreviated 4-week mindfulness-based stress
reduction course in back pain patients.
Brain Behav 2016; 6(3):e00443

FREE Online Subscription to Psychiatric Services
for APA Resident-Fellow Members (RFMs)!
American Psychiatric Association Resident-Fellow
Members (RFMs) can receive a free online subscription
to Psychiatric Services.
Visit ps.psychiatryonline.org for full-text access to all of the
content in this highly ranked, peer-reviewed monthly journal.
Psychiatric Services focuses on service delivery in organized
systems of care, evolving best practices, and federal and
state policies that affect the care of people with mental
illnesses.

Please visit ps.psychiatryonline.org and log in with your
APA username and password.
Psychiatry residents who are not currently APA ResidentFellow Members should consider membership in the American Psychiatric Association. The benefits provided to residents are an example of how the APA serves the needs of
its members throughout their careers. The low introductory
dues APA extends to RFMs are even waived for the first
year. Please visit www.psychiatry.org/join-apa for more
information.

Tune in to our monthly podcast.
PSYCHIATRIC
SERVICES
FROM PAGES
TO PRACTICE

www.appi.org
Email: appi@psych.org
Toll-Free: 1-800-368-5777
Follow @APAPubPsychSvcs
AH1818A

The American Journal of Psychiatry Residents’ Journal | April 2018

5

