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Introduction to a Special Issue of Neuroimage on Brain–Body Medicine

Context and purpose of the Special Issue
This Special Issue of Neuroimage on Brain–Body Medicine
introduces the neuroimaging community to a new domain in which
the study of brain structure and function can have an important
inﬂuence on health — that domain of clinical medicine dealing with
bodily disease. To date, the major clinical applications of neuroimaging have been in neurology and psychiatry. The ﬁrst and arguably still
dominant clinical area is neurology, in which brain imaging plays a
central role in daily clinical care, particularly in diagnosis. In
psychiatry, functional brain imaging is not yet clinically applicable,
but it is nevertheless contributing to a paradigm shift in which
psychiatric disorders are gradually coming to be understood in terms
of pathophysiology rather than descriptive syndromes (George et al.,
2002). The application of brain imaging to systemic medical disorders
constitutes a third clinical domain in which imaging neuroscience can
potentially make an important contribution.
Brain–Body Medicine focuses on interactions between the brain,
peripheral pathways and bodily end-organs. Bi-directional brain–
body pathways can be thought of as the mechanistic substrate that
mediates the relationship between psychological and social factors
and physical health. As such, Brain–Body Medicine adds a new
dimension to research in the ﬁelds of mind–body, behavioral,
psychosomatic, and integrative medicine1. It also creates linkages, by
virtue of the focus on the brain, to newer ﬁelds such as
psychoneuroimmunology, neuro-cardiology and brain–gut research
that have as of yet made relatively little use of neuroimaging
technology.

1
The boundaries of these disciplines are not well deﬁned, and there is much overlap.
Mind–body medicine focuses on research and practices pertaining to the interrelationships of the mind, brain, bodily organ systems and behavior. Interventions such as
relaxation, hypnosis, yoga, visual imagery, tai chi, and spirituality are designed to
enhance the mind's capacity to affect bodily function and symptoms and to promote
health. Behavioral medicine is the interdisciplinary ﬁeld concerned with the development and integration of behavioral, psychosocial, and biomedical science knowledge
and techniques relevant to the understanding of health and illness, and the application
of this knowledge and these techniques to prevention, diagnosis, treatment and
rehabilitation. Psychosomatic medicine seeks to promote and advance the scientiﬁc
understanding and multidisciplinary integration of biological, psychological, behavioral and social factors in human health and disease, and to foster the application of this
understanding in education and improved health care, particularly at the interface of
psychiatry and medicine. Integrative medicine is the practice of medicine that reafﬁrms
the importance of the relationship between practitioner and patient, focuses on the
whole person, is informed by evidence, and makes use of all appropriate therapeutic
approaches, healthcare professionals and disciplines to achieve optimal health and
healing. Included in this approach are practices that do not fall within the realm of
conventional medicine, such as herbalism, chiropractic, homeopathy, and certain
mind–body medicine techniques.
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Research ﬁndings that link psychological and social factors to
medical outcomes, and the clinical practices associated with this
research, are in the public interest and are often discussed in the
popular media. However, they are viewed with skepticism by many
physicians (Freeland et al., 2006). One way of understanding this
discrepancy is that demonstrating associations between psychological
or social variables on the one hand and medical outcomes on the
other, even when including peripheral mediators from the autonomic,
endocrine and immune systems, provides an incomplete account of
the mechanisms linking mind and body. By studying the brain and
relating it to bodily processes and disease, a more complete
mechanistic account becomes possible within a biomedical framework (Lane et al., 2009). The ﬁeld of Brain–Body Medicine seeks to
advance understanding of the mechanisms by which mental events
inﬂuence physical health, and vice versa, and to ultimately use such
knowledge to improve medical care and facilitate effective disease
prevention.
The ﬁeld of Brain–Body Medicine likely extends to other areas, but
the boundaries of the ﬁeld are still ﬂuid. Conceivably, these include the
study of: 1) the brain mechanisms involved in any systemic medical
disorder in which autonomic, endocrine or immune factors inﬂuence
its etiology, onset or course; 2) brain inﬂuences on autonomic,
endocrine and immune function under normal conditions; 3) brain
structure and function within the ﬁeld of psychophysiology, which
traditionally involves surface measurements from the head (EEG/
ERP) and body proper; and 4) medical disorders that are not as yet
linked to morbid anatomy, such as functional somatic syndromes like
ﬁbromyalgia or chronic fatigue syndrome (Wessely et al., 1999). These
disorders likely involve brain–body interactions that remain to be
elucidated.
Neuroimaging provides an organizing framework that bridges
these diverse areas of study. It can provide more explicit information
on functional links between brain and other systems than has been
previously available. However, the study of brain–body communications is unknown to many in the neuroimaging community. Relatively
little work in this area has been presented at brain imaging meetings
or published in brain imaging journals. The purpose of this Special
Issue is to bring together the work of many of the leading investigators
in this ﬁeld with the hope of raising awareness about what is currently
known, and to convey a sense of the enormous potential that lies
ahead.
Organization of the Special Issue
The historical context of the Special Issue is discussed in more
detail in an introductory editorial by Rose (2009). The Special
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Issue is then organized into six sections, designed to cover a
sample of topics relevant to Brain–Body Medicine in which
current, cutting-edge research is being done using neuroimaging.
These are: (1) the autonomic nervous system; (2) the endocrine
and immune systems; (3) brain–peripheral relationships with
measures of end-organ function; (4) neuroimaging of clinical
disorders with strong central nervous system (CNS) inﬂuences; (5)
neuroimaging of CNS interventions to treat medical conditions;
and (6) methodology relevant for brain–peripheral imaging. The
Special Issue concludes with a summary editorial (Lane and Wager,
2009).
Our intent was to be comprehensive in the coverage of topics and
to present representative work in each area. The primary focus within
each section is empirical reports of new ﬁndings, but review articles
and commentaries are included to promote an integrative understanding. All papers were invited and went through the rigorous peer
review process typical of Neuroimage.
As will be apparent in the descriptions below, an important theme
running throughout the Special Issue is that of emotion, emotion
regulation and stress. Decades of work in mind–body medicine have
demonstrated the relevance of emotion and stress to medical
outcomes (Glaser and Kiecolt-Glaser, 2005; McEwen 1998; Lane
2008; Schier and Carver, 1992). Thus, they ﬁgure prominently in the
study of how the brain inﬂuences physical disease and related somatic
processes.
Section 1: Autonomic nervous system
The autonomic nervous system (ANS) section begins with an
introductory overview by Cameron (2009) that places the ANS in
the context of two other information transfer systems, endocrine
and immune, that mediate bidirectional communication between
the brain and peripheral end-organs. Cechetto and Shoemaker
(2009) then present a review of the brain circuitry involved in
regulating the ANS. Williams et al. (2009) examine the neural
correlates of negativity bias (the tendency to have negative
emotional responses) by examining brain responses to implicit
and explicit presentation of fearful faces as a function of serotonin
transporter allelic variants and early life stress. The next three
papers use variants of a public speaking task, one of the most
commonly used and effective laboratory stressors (Kirschbaum et
al., 1993), to elicit stress in the neuroimaging environment. Åhs et al.
(2009) examine the neural correlates of heart rate variability (vagal
tone, an index of activity in one of the two branches of the ANS)
during PET imaging as individuals with social phobia perform a
public speaking task. Wager et al., 2009a,b present two companion
papers on public speech preparation that map cortical–subcortical–
cardiovascular pathways involved in the generation of heart rate
responses (Wager et al., 2009a) and subjective anxiety (Wager et al.,
2009b). Finally, Urry et al. (2009) examine the voluntary regulation
of emotional responses to unpleasant pictures, focusing on the
relationships between brain and autonomic responses during
regulation.
Section 2: Endocrine and immune systems
The section on endocrine and immune mechanisms begins with a
review article by Dedovic et al. (2009) on the functional neuroanatomy of the regulation of cortisol, a hormone that plays a key role
in “stress” responses. King et al. (2009) present a PET study that
identiﬁes the neural basis of adrenocorticotropic hormone (ACTH)
response to trauma recall. Eisenberger et al. (2009) use fMRI to
examine the neural basis of the proinﬂammatory cytokine response
to endotoxin in the context of a social exclusion task, and O'Connor et
al. (2009) use fMRI to examine the neural basis of the proinﬂammatory cytokine response in the context of grief. Next, Ohira et al.

(2009) use PET to examine the neural basis of lymphocyte,
particularly natural killer cell, redistribution during the performance
of a stressful task that manipulated uncertainty. In concluding
commentaries, Thayer and Sternberg (2009) discuss the importance
of vagal mechanisms in linking the brain and the immune systems
bidirectionally, and McEwen (2009) offers an integrative perspective
on the brain as the master orchestrator of the stress response,
including the regulation of autonomic, endocrine and immune
effects.
Section 3: Relationships between brain and peripheral organ systems
This section describes brain–periphery relationships with measures of four different end-organ systems, with a focus on
processes directly relevant to disease. Three papers deal with the
cardiovascular system. Jennings and Zanstra (2009) review evidence suggesting that brain mechanisms may contribute to the
etiology of essential hypertension. Gianaros and Sheu (2009)
review evidence on the role of functional and structural brain
predictors of cardiovascular reactivity and their association with
the development of atherosclerosis and coronary artery disease.
Beacher et al. (2009) provide evidence that gray matter density
(measured using voxel-based morphometry) in the dorsal brainstem is associated with the severity of vasovagal syncope, or
simple fainting. Next, Fukudo et al. (2009) use PET to demonstrate
that the neural response to colonic or rectal distension, a probe
that is commonly used in the study of irritable bowel syndrome
(IBS), varies as a function of serotonin transporter allelic variants.
Labus et al. (2009) use PET to demonstrate changes in brain
connectivity as a function of habituation to repeated rectal
distension in patients with IBS. Next, Evans et al. (2009) examine
the neural basis of cognitive and emotional inﬂuences on
spontaneous breathing. Rosenkranz and Davidson (2009) then
review evidence that integrates neuroimaging research on emotion
circuitry in relation to symptom expression in asthma. This section
concludes with an empirical paper by Grifﬁths et al. (2009) on the
brain basis of the sensation of urinary urgency and the changes
that occur with aging.
Section 4: Clinical disorders with strong CNS inﬂuences
The section on neuroimaging of clinical disorders with strong
CNS inﬂuences focuses on pain and conversion disorder. Wiech and
Tracey (2009) review the neuroimaging literature on emotion–pain
interactions in the brain. Price et al. (2009) present an integrative
review suggesting that synergistic interactions between brain
processes (placebo/nocebo effects) and spino-thalamic afferents
promote hyperalgesia in IBS. Derbyshire and Osborn (2009) present
new evidence regarding offset analgesia, an effect that involves
profound de-coupling of somatic input and experienced pain, using
fMRI. Seminowicz et al. (2009) use high-ﬁeld MRI in rats to
provide evidence on brain gray matter atrophy following peripheral
nerve damage in a rodent model of chronic pain. Next, Nowak and
Fink (2009) review the literature on the neural substrates of
conversion disorder, and Cojan et al. (2009) present an fMRI study
examining the neural basis of conversion paralysis using a go–no
go task.
Section 5: Interventions
The next section on interventions addresses brain function in
relation to a broad range of interventions. First, Lutz et al. (2009)
examine the neural correlates of heart rate changes during
performance of compassion-based meditation in experts and
novices. Vanhaudenhuyse et al. (2009) use fMRI to examine the
effect of hypnosis on experimental heat pain. Napadow et al. (2009)
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use fMRI to examine the brain correlates of sham acupuncture as a
function of the subjective sensations induced. Kong et al. (2009) use
fMRI to examine relationships between expectancy (placebo) and
acupuncture manipulations in the context of experimental heat pain.
Next, Harris et al. (2009) used PET to examine changes in opiate receptor
occupancy in response to acupuncture in patients with ﬁbromyalgia.
Finally, Rowny et al. (2009) compare the heart rate effects of magnetic
seizure therapy to those of electroconvulsive stimulation in a nonhuman primate model.
Section 6: Methodology for assessing brain–body relationships
The ﬁnal section on methodology addresses topics that will
facilitate future work in this area. Given that the fMRI BOLD signal
varies as a function of the rate of delivery of oxygenated blood to brain
tissue, Birn et al. (2009) provide methods and results on disentangling
neurally induced effects on the BOLD signal from certain cardiovascular and respiratory artifacts. Next, Gray et al. (2009) discuss the
complexities of peripheral physiological measurement in the fMRI
environment, and King and Liberzon (2009) discuss methodological
considerations in the study of the neuroendocrine stress response in
the fMRI environment. Finally, Bullmore et al. (2009) address
approaches to the analysis of complex systems in brain imaging and
other data.
Conclusion
Our hope is that this Special Issue will catalyze interest in Brain–
Body Medicine and will serve as a useful reference for empirical
research. Although the range of topics covered is considerable, the
possibilities for future work appear unlimited.
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