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Despite the shift toward a biopsychosocial paradigm of medicine, many physicians and
mental health professionals (MHPs) find it difficult to treat patients with psycho-somatic
disorders. This situation is particularly troublesome due to the high prevalence of
these conditions. Although progress has been made over the last few decades in
understanding mechanisms underlying the mind-body relationship, disparities remain
between research and its clinical implementation. One possible reason for this is the
lack of a comprehensive, agreed-upon model that incorporates a biopsychosocial
framework and is rooted in an understanding of the various psychobiological pathways.
Such a model would enable better communication between physicians and MHPs,
allowing them to provide coordinated, stratified treatment. In this paper, four archetypal
case studies, together with standard care options are presented to illustrate the
current state of affairs. A four-tiered conceptual model of mind-body interrelationships
based on pathophysiological and psychopathological mechanisms is suggested to help
optimize the treatment of somatic complaints. This Four-Cluster model consists of:
(1) Organic Conditions: Structural, or degenerative processes that can affect mood
and psychological responses but are not clearly exacerbated by stress. (2) Stress
Exacerbated Diseases: Biological disorders with a distinct pathophysiology, such as
inflammatory or autoimmune diseases, whose progression is clearly exacerbated by
stress. (3) Functional Somatic Syndromes: Conditions wherein heightened sensitivity to
stimuli together with hyper-reactivity of the autonomic system form a “vicious cycle” of
mutually enhancing learning processes. These processes involve biological mechanisms,
such as central sensitization and psychological mechanisms such as catastrophization
and selective attention. (4) Conversion Disorder: Physical manifestations of psychological
distress, expressed somatically. Symptoms are solely an expression of problems in
patients’ psychic functioning and are not caused by biological pathology. Finally,
suggested management of the aforementioned case studies is presented through
the lens of the Four-Cluster model and a proposed integration of our model with
existing theories is discussed. As it is rooted in an understanding of psychobiological
pathways of illness, the proposed model enables a new way to discern which form
of mind-body interaction is manifesting in different diseases and proposes a way to
coordinate treatment plans accordingly, to enhance the accuracy and efficacy of care.
Keywords: bio-psycho-social model, medical psychology, psychosomatic medicine, mind-body medicine,
functional somatic syndromes, hypnosis, cognitive behavioral therapy
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BACKGROUND

Despite these advancements, a fully integrated model of
the ways in which mind and body interrelate remains elusive.
Different theories, stemming from various disciplines and
viewpoints abound, while the lack of a comprehensive model for
integrating these perspectives prevents many of these ideas from
becoming integrated into daily clinical practice (10, 11). This
lack is reflected in many cases, where physicians diagnose and
treat patients’ medical complaints while MHPs simultaneously
treat their emotional well-being without ever communicating
with one another. Even when they correspond with one another,
clinicians often do not speak the same “language.” The purpose
of a mind-body model would be to integrate different theoretical
perspectives, creating a joint paradigm for physicians and MHPs
to better understand, communicate and treat complex cases. We
would like to illustrate the way such a model could help manage
day-to-day difficulties in medical practice by means of the
following four imaginary cases. These cases are amalgams and do
not represent actual patients. Their purpose is to concretize the
difficulties facing clinicians in their daily practice and elucidate
our theoretical model.

The interrelatedness of mind and body has been known to
physicians and patients for millennia. Despite this, treating
conditions that involve complicated iterations of this relationship
has proved difficult and continues to constitute a barrier to
the effective care of many patients in the medical system. One
contributing factor is that many physicians and mental health
professionals (MHPs) still have a dichotomous view of medical
conditions as belonging to either pathologies of the “body” or
of the “mind” (1). In the past hundred years, many theories
have been proposed regarding psychosomatic disorders, with
varying levels of mind-body integration. Freudian theory may
be considered one of the most influential early attempts at
this integration. Freud recognized the difference between four
types of somatic illness: (1) hysterical conversion, (2) somatic
symptoms of actual neurosis, (3) hypochondria, and (4) organic
illness. In all four types, Freud relates pathological body states to
pathologies of the mind, so that even organic illnesses are seen
as caused by problematic ego-organization or psychic trauma.
In line with Freud’s work, and in opposition to more medicallyoriented approaches, additional psychoanalytic theories have
tended to view all types of somatic illness as beginning with
problems in the patient’s psychic functioning (2).
A new direction was undertaken in the 1930s and 1940s,
when Franz Alexander and Flanders Dunbar established
the Journal of Psychosomatic Research and discussed ways
in which physiological systems mediate between repressed
emotions and particular organ pathologies. This contributed
to the idea that specific psychopathological profiles influence
immunologic, endocrine and neurologic systems, thereby
creating certain “psychosomatic” illnesses such as ulcers,
hyperthyroidism, arthritis, colitis, and dermatitis (3). Over
time, the psychosomatic movement was challenged from
different directions. Psychoanalytic theoreticians criticized the
psychoanalytic theories (2), while medical scientists noted
problems with the research methodologies and the lack of
sufficient evidence linking psychological traits to specific illnesses
(3, 4). Another important step in the history of mind-body
relations was the development of the Bio-Psycho-Social model
in the 1970s. In a classic article, George Engel challenged the
prevalent Bio-Medical paradigm for looking at medical illness
through an extremely narrow biological lens, while ignoring
the psycho-social parameters that influence disease (5). In
conjunction with the ideas of other prominent scientists, such
as Walter Cannon and Hans Selye, Engel sought to look at
the aggregate of biological, social, and psychological factors that
influence all forms of illness, without distinguishing between
psychosomatic and organic illness. He then called on physicians
to address the psycho-social needs of their patients from a
more humanistic point of view (3, 5). Lastly, in the 1990s, the
burgeoning field of Psycho-Neuro-Immunology (PNI) began to
describe specific biological mechanisms by means of which the
stress response can influence the immune and endocrine systems.
PNI studies have shown how stress mediates diseases such as
asthma, neurogenic inflammation, autoimmune diseases among
others (6–9).
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ILLUSTRATIVE VIGNETTES
Case # 1: A 70-year-old man has colon cancer which has
metastasized to the liver. He is clinically depressed and lowfunctioning, with little motivation to continue treatment. His
oncologist attempts to convince him to continue taking his
medication, without success.
Case # 2: A 25-year-old woman was diagnosed with multiple
sclerosis (MS) at the age of 23. Since then, she has begun
studying at university in an extremely competitive program
and is currently experiencing a great deal of stress related
to her studies. At the same time, her MS attacks have
become more frequent. The young woman feels that there is
a connection between her studies and the attacks; however,
her neurologist’s response is to change her prophylactic
medication to a stronger or higher dose.
Case # 3: A 50-year-old man recently suffered a myocardial
infarction. He experiences recurrent chest pains, with repeated
admissions to the emergency room. Over the course of
treatment, a complete cardiac workup including ECG,
scintigraphy, and coronary catheterization are all normal. His
cardiologist tells him that it must be anxiety. However, the
patient is insulted by this and seeks another physician to
continue checking for a physical problem.
Case # 4: A 42-year-old man arrived at the emergency
department with a sudden speech disturbance that was neither
aphasia nor dysarthria. His head CT scan was normal but
the neurologist suspected an ischemic stroke and decided to
hospitalize him, nonetheless. Due to the unusual presentation
of the speech disturbance, a brain MRI was performed and was
normal. The patient denied stress or other emotional factors,
while acknowledging that he was about to receive a longawaited promotion at work. He was ultimately discharged
from the hospital with a functional diagnosis.
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DESCRIBING THE PROBLEM

pathological mechanisms involved in creating symptoms,
from which different treatment goals and strategies should be
employed (Figure 1).

These four archetypal cases are imaginary examples of patients
with complex conditions who commonly present to physicians
with physical complaints. Each case is different; however, in
all of them patients would be best served by a bio-psychosocial conceptualization, enabling them to receive treatment
from a physician and from an MHP. In today’s medical milieu,
this can be difficult, due to the lack of a shared paradigm. In
treating the aforementioned patients, many medical professionals
would adopt the following clinical strategies: In case 1, the
cancer patient may give up and cease treatment for his disease.
Many physicians might not realize the benefits or possess the
means to refer such a patient to an MHP. In case 2, the
young woman with MS will be given stronger, more effective
medication which will also have stronger side effects. Once
again, it may not even occur to many physicians that this
patient could benefit from learning mind-body techniques, as
she has a physical diagnosis. In case 3, the patient suffering
from chest pain after a heart attack will continue to undergo
extensive testing in an attempt to discover an organic problem.
At the end of what may be a lengthy, expensive and difficult
process of investigation, if no physical pathology is discovered,
the physician might refer the patient to an MHP. The MHP
will treat the patient based on his or her own clinical
proclivities. A psychiatrist oriented toward pharmacotherapy
will offer SSRIs or benzodiazepines to help the patient manage
anxiety. A psychodynamic psychotherapist may give a symbolic
interpretation of the physical symptoms, while an existential
psychotherapist may interpret it as a fear of dying. A cognitivebehavioral therapist would likely view the patient as suffering
from Health Anxiety and treat accordingly. Regardless, although
it is the same individual, very different diagnostic models and
ways of thinking may come into play and the patient can
often become lost in the fray. In case 4, had the patient
been mistakenly diagnosed with a CVA, it would likely have
caused him a great deal of anxiety, he would have received
inappropriate and perhaps harmful treatments and his attempts
to return to work would likely have been unsuccessful and
frustrating. Here too, the patient may be sent to an MHP
and will generally receive treatment based on the clinical
proclivities of said professional. Some may take a psychodynamic
approach, while others may be more Cognitive-Behavioral
Therapy (CBT)-oriented. However, both may have difficulty
determining therapeutic goals. Should they be assisting the
patient in learning to live with the symptoms? Should they be
attempting to reduce the frequency or severity of the symptoms?
Can they attempt to do away with the symptoms completely?
Without a model for understanding the mind-body relationship
for each case, the focus of treatment for the preceding four
patients remains unclear.

Organic Conditions
These include structural or degenerative processes that can
affect mood and psychological reactions but are not necessarily
exacerbated by stress. Organic diseases should be treated
primarily with conventional medical methods such as surgery,
invasive interventions, pharmacotherapy or chemotherapy.
Although, these conditions are not caused by psychological
factors, they can catalyze psychological reactions such as
anxiety and depression which may ultimately affect medical
outcomes. For example, tumors or congestive heart failure can
cause emotional reactions that may alter patients’ decisions
or health-behaviors and so influence outcomes (12, 13). In
these cases, the medical treatment plan should be directed
toward curing the organic disease. Psychotherapy should be
directed at coping with the condition, enhancing compliance,
rehabilitative therapy, or learning to live with the disability (14).
One important focus of psychotherapy in this cluster is illness
perceptions and behaviors. When people are diagnosed with
illness, they develop an internal, common-sense set of beliefs
and cognitions regarding their situation. These beliefs can be
important determinants of patients’ emotional response, coping
patterns, adherence to treatment and other illness behaviors.
Beliefs generally focus around consistent domains, such as illness
identity, causation, timeline, the possibility of controlling or
curing the illness and the consequences of illness. Negative
illness perceptions are associated with poorer recovery and
increased healthcare use. For example, patients with negative
beliefs about their ability to control their illness may exhibit low
levels of compliance to medical treatment (13, 15, 16). In such
cases, therapeutic modalities making use of psycho-education,
Cognitive Restructuring and Motivational Interviewing may be
very important in improving medical outcomes (17, 18).

Stress-Exacerbated Diseases
In this cluster, we include biological disorders that are
exacerbated by stress, such as inflammatory disorders (e.g.,
asthma, multiple sclerosis and Crohn’s disease), movement
disorders (e.g., essential tremor) and pain disorders (e.g.,
migraine). The common factor in all these diseases is that they
are primarily biological disorders with overt pathophysiology.
However, due to the nature of the mind-body relationship and
the ways in which emotional processes such as chronic stress
can influence our physiology, they are often exacerbated by
psycho-social factors (19–21).
Of particular importance to the second cluster is the
aforementioned field of PNI, which describes specific biological
pathways by means of which emotions, such as stress, mediate
health, and disease. One pathway illuminated by PNI research
is the way in which psychological factors influence the
neuroendocrine system. Emotions can provoke the release
of pituitary and adrenal hormones which can then affect
cardiovascular, metabolic and immune functioning. Numerous
studies have suggested that a variety of emotion-responsive
hormones including the catecholamines (norepinephrine and

THE FOUR-CLUSTER MIND-BODY MODEL
We now present a four-tiered, conceptual model that analyzes
physical symptoms based on the various psycho-biological
processes occurring. Each of the following clusters connotes
a separate type of mind-body interaction, with diverse
Frontiers in Psychiatry | www.frontiersin.org
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FIGURE 1 | The Four-cluster model of mind-body interrelationships.

of treatment—medical and behavioral—can jointly affect the
course of disease.

epinephrine), adrenocorticotropic hormone, cortisol, growth
hormone, and prolactin can impel changes in immune function
(22). Studies have shown, for example, that depression can
substantially boost cortisol (23) and decrease growth hormone
(24), which can have adverse immunological effects. As
mentioned, the immune system has an important role in
mediating the effects of stress on health. Since disease occurs
when host defenses are not sufficient to cope with the diseasecausing agent, psychological factors that influence immunity can
potentially influence the progression of many diseases. Studies
have shown that high levels of stress can increase the risk for
upper respiratory infections, viruses such as the flu, the common
cold, and influenza. These effects remained constant, even when
subjects were controlled for stress-elicited health behaviors, such
as smoking and alcohol consumption. Other studies have shown
connections between stress levels and susceptibility to diseases
related to the herpes virus, such as cold sores and genital lesions,
as well as to autoimmune diseases, such as rheumatoid arthritis,
inflammatory bowel disease, lupus, and diabetes (25).
In summary, PNI emphasizes the way the hypothalamicpituitary- adrenal (HPA) axis regulates hormonal changes,
influencing the production of cytokines and white blood cells,
causing either hyper-activation of the immune system in
autoimmune diseases for example, or conversely, immune system
hypo-activation, increasing susceptibility to viral infections
(8, 22, 25). Such psycho-biological pathways are central
to understanding the second cluster and help explain how
pathophysiology can be affected by emotional states.
In this cluster, the mainstay of treatment should be
conventional medical care, such as immunomodulating
treatment for multiple sclerosis, asthma, rheumatoid arthritis
and ulcerative colitis; beta blockers for tremors, and triptans
for migraine. However, it is extremely important to include
adjuvant behavioral treatments for stress reduction, such as
relaxation training, biofeedback or hypnosis. The role of these
mind-body therapies (MBT) is to reduce the effects of stress
on biological pathways that influence the neuroendocrine and
immune systems, thereby helping patients reduce the frequency
and severity of physical symptoms caused by stress-induced
exacerbation of their disease (26–28). In this manner, both types

Frontiers in Psychiatry | www.frontiersin.org

Functional Somatic Syndromes (FSS) (29)
Various, sometimes loosely related appellations have been given
to this third category, including Somatic Symptoms Disorders
(SSD) (30), Medically Unexplained Symptoms (MUS) (31) and
Central Sensitization Syndromes (CSS) (32), to name a few.
These categorizations often include specific syndromes such
as irritable bowel syndrome (IBS), fibromyalgia, tension-type
headache (TTH) and non-cardiac chest pain (NCCP) (31).
The common denominator among these various symptoms and
syndromes is one or many non-specific somatic symptoms
that are not wholly explicable by means of laboratory, imaging
or electrophysiological investigations (33). Due to the lack
of clear structural, inflammatory or degenerative processes
and the high prevalence of mood and anxiety disorders
associated with these conditions (34), previous bio-medical
approaches have sometimes wondered whether FSS are physical
conditions that cause anxiety and depression, or psychological
conditions that cause physical pain (35). Currently, a significant
body of medical literature points to a bi-directional, psychobiological conditioning process whereby heightened sensitivity
to stimuli combined with hyper-reactivity of the autonomic
system form a “vicious cycle” of mutually enhancing biopsychological learning processes that emanate from either
the body or the mind (36–39). This vicious cycle is often
preceded by trauma or excessive stress, which can dysregulate
the limbic system, giving rise to psychological processes such
as catastrophic misinterpretation, selective attention, fear-based
conditioning and sensitization. When physical symptoms are
precipitated, the efferent/autonomic pathways governed by the
hypothalamus overreact, concurrently with hypersensitivity of
afferent pathways controlled by the thalamus. Due to the nature
of these heightened sensitivity and reactivity processes, our
group has termed these syndromes, “Low Threshold Syndromes”
(LTS), referring to the afferent and efferent aspects of this cycle
(40). Many theories have attempted to further elucidate these
biological and psychological pathways (41). We will attempt to
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abnormal activation may begin at the level of peripheral
nociception (72) and may be influenced by higher level
cognitive processes, such as anxiety. Anxiety has been
shown to predict pain severity and pain behavior in both
acute and chronic pain patients (73). Studies have shown
that stressful life events produce stronger reactions in FSS
patients than in healthy controls (74). Pain modulation
by anxiety is associated with activation changes in the
entorhinal cortex of the hippocampal formation that
interact with the perigenual cingulate and mid-insula.
Hippocampal and amygdala activation are thought to
modulate pain processing by amplifying signals to the
areas primarily involved in pain processing (75). Various
measures have been used to demonstrate heightened
sensitivity to painful stimuli among FSS patients. One
such measure is the nociceptive (spinal) flexion reflex
(NFR), an accepted pain measure obtained by electrically
stimulating the sural nerve and measuring the response
of the biceps femoris. Heightened sensitivity to NFR has
been shown in patients with several different somatic
syndromes, as compared to healthy controls (32). An
additional measure is diffuse noxious inhibitory control
(DNIC), which quantitatively measures the nervous
system’s ability to limit the intensity of pain in response
to a repeated irritant. DNIC has been found to accurately
predict the development of chronic pain. The healthy
mechanism whereby each pain response diminishes
the intensity of the following response has been shown
to be dysfunctional in patients suffering from somatic
syndromes (76). Many studies have demonstrated that
various pain syndromes, such as TTH, migraines,
fibromyalgia (77, 78), back pain (79), neck pain (80),
IBS (66), and post-operative chronic pain (81), can be
tied to disruptions of DNIC pain inhibition, and that
these patients have lower DNIC scores than healthy
controls do.
(II) Psychological Factors: Different models have indicated
the influence of various patterns of thought and emotion
in FSS, such as emotional repression (48, 82), alexithymia
(83), catastrophic thinking (84–86), maladaptive coping
strategies, external locus of control (87) and “secondary
gains” (88). The common theme of many of these
patterns may be that emotional and physiological overarousal, as well as counterproductive illness behaviors
engender, a cycle of psycho-biological conditioning (55,
89). This conditioning process is exacerbated by anxiously
over-attenuating to and amplifying bodily sensations.
As previously mentioned, changes in cognitive-sensory
processing due to emotional arousal can, over time, cause
sensitization of the central nervous system, so that stimuli
arising in the body might be experienced as excessively
painful (32, 41).
(III) Behavioral Factors: In addition to interactions between
biology and psychology, distressed individuals are also
more likely to exhibit illness behaviors that can negatively
influence their symptoms. These behaviors may include

integrate some of these ideas, so as to provide a multi-faceted
model for understanding FSS.
(1) Predisposing Factors: Predisposing factors may be genetic
or the result of early gene-environment interactions, such
as temperament, gender, familial influences, or adversities
early in life. A modest genetic predisposition for somatic
symptoms and syndromes has been demonstrated via both
twin and adoption studies (42–44), while gender (45–47)
and various other temperamental factors, personality traits,
and early life experiences have been shown to be even
more strongly correlated to the development of somatic
disorders (48–54).
(2) Precipitating Factors: Environmental factors, such as
traumatic life events or extended periods of stress, can
interact with an individual’s predisposition, acting as
catalysts in the creation of FSS. Prospective epidemiological
studies have shown that various psychosocial factors,
such as illness behaviors, distressing events, and anxiety
are predictive of FSS (55). Studies have demonstrated
relationships between FSS and psychological states such as
depression (56–58) and anger (59, 60), as well as traumatic
life events such as rape, abuse (61, 62), infection (63), and
surgery (64).
(3) Perpetuating Factors: Many individuals undergo stressful
experiences; however, in FSS, processes set in motion by the
interaction between predisposing and perpetuating factors
often lead to chronic symptoms (65). In order to explain
these differences, several researchers have subscribed to a
transactional model based on the biopsychosocial paradigm,
wherein psychological and physiological processes reinforce
one another, perpetuating and aggravating symptoms by
means of a “vicious cycle” effect (66–70). Eriksen and
Ursin (65) proposed one such psycho-biological model
which explains how FSS might begin with an initial
pain or trigger, causing a state of heightened emotional
arousal and attention to potentially unpleasant bodily
sensations, leading to further sensitization and more pain.
Thus, while predisposition may be general in nature, the
chronic perpetuation of symptoms in target organs may
be determined by the site and type of precipitating factor
involved. A variety of biopsychosocial factors may play
a role in such transactional processes and contribute to
maintaining the symptoms’ severity. Although a full analysis
of these factors is beyond the scope of this article, we provide
a concise overview of a number of salient variables:
(I) Biological Factors: Neurophysiological research has
found similarities in the way the brain processes sensory
stimuli, such as pain, across various FSS. Studies using
fMRI and PET scans have identified a network of
cortical regions involved in the cognitive modulation
of pain, including the anterior cingulate cortex, insula,
prefrontal regions, and primary (S1) and secondary
(S2) somatosensory cortices (71). Abnormal activation
within this pain network may cause or partially generate
functional pain disorders (38). There is evidence that such
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smoking, irregular sleep habits, alcohol or drug abuse,
high utilization of health-care, low-adherence, poor
nutrition and lack of physical exercise (22). Difficult
social and interpersonal circumstances can also play a
role in exacerbating detrimental behaviors and negatively
influence health (90). Such behavioral and psycho-social
determinants create mutually-enhancing interactions
with stress and can have neurological and immunological
consequences. For example, deep sleep positively affects
the endocrine system, while smoking is associated with
higher plasma IL-6 and CRP levels (22). Many of these
behavior patterns may be equally influential in diseases
belonging to the second as well as the third cluster.
However, there are a number of illness behaviors that
are of particular importance to the perpetuation of
FSS. One important example of this is kinesiophobia.
Kinesiophobia, literally “fear of movement,” refers to
patients who avoid moving their bodies due to the
fear of experiencing unnecessary pain. Unfortunately,
in many chronic pain conditions excessive avoidance
ultimately has the opposite effect of sensitizing patients
even further to stimuli that may once not have been
experienced as painful (91, 92). This issue is also borne
out by the body of research showing that physical activity
training is beneficial for many FSS, such as fibromyalgia,
chronic fatigue syndrome and lower back pain (93). A
second important example of counterproductive illness
behaviors in FSS is forming a dependence or addiction
to narcotics due to over-use of pain medication. Overuse
of narcotics such as opioids can cause a decrease in
pain tolerance among patients with chronic pain (94).
In chronic headaches, even over-the-counter abortive
pain medications can cause secondary or “medication
overuse” headaches and perpetuate the cycle of pain
(95, 96). Despite many newer treatment guidelines for
chronic pain conditions such as fibromyalgia, which
deter physicians from prescribing opioids, reported
utilization of opioids remains high, as upwards of 38% of
fibromyalgia patients are prescribed opioids (94).
In summary, the interrelationship of body and mind
is paramount in FSS. In these conditions, treatment
should focus on physical exercise and mind-body
treatments such as meditation, CBT, and hypnosis (93,
97). Pharmacotherapy should make use of selective
norepinephrine reuptake inhibitors (SNRIs) or tricyclic
antidepressants (TCAs) (98) and taper the use of
analgesics for chronic headaches and of opioids for
other forms of chronic pain, as this treatment can
induce hyperalgesia (99–101). It is important to note that
treatment methods that may be effective for patients in
the first or second clusters, such as invasive procedures or
relying primarily on pain medication, may be ineffective
or even harmful with patients in the third cluster.
Additionally, in contrast to the fourth cluster, symptoms
should not be seen as having a symbolic role and patients’
lack of insight regarding the psychological processes
involved cannot be viewed primarily as representations
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of unconscious psychic conflict. Therefore, in the
third cluster, a more direct psycho-educative approach
regarding the mind-body relationship is an important
therapeutic factor (40).

Conversion Disorders (CD)
At the far end of the spectrum are symptoms related to
Conversion Disorder (CD). CD has had a difficult and
tumultuous history. In the past, “conversion hysteria” was often
treated as a religious phenomenon. It was re-medicalized during
the Renaissance and by the latter half of the nineteenth century,
it was common to view CD as being caused and cured by psychosocial variables. However, even then, many neurologists viewed
it as a form of malingering (102). Currently, the DSM-5 refers to
CD or “Functional Neurological Disorder” purely as a condition
in which there is a mismatch between presenting symptoms
and recognized neurological pathology, without regard to the
mechanism by which this occurs (30). In our model, CD does
not necessarily refer to the phenomenon but rather to the
process whereby an unconscious, intra-psychic conflict can be
expressed somatically. This view is in conjunction with George
Engels’ discussion of CD and his assertion that: “Conversion
is a psychological concept, the definition of which cannot
include or be bounded by neuroanatomy, even though the
function and structure of the nervous system may be involved
secondarily. . . The parts or systems of the body capable of being
involved in conversions are determined. . . by their capability to
achieve mental representation” (103). Psychodynamic theories
have provided a number of frameworks by means of which
this process could take place, generally rooted in Freud’s
understanding that unacceptable drives can be repressed from
conscious awareness and converted into physical symptoms (11).
The theoretician D. W. Winnicot viewed the development of
psychosomatic symptoms as the mind’s attempt to cope with
distress by disassociating from the body. As a child develops,
natural frustrations caused by the lack of a perfectly attuned
environment catalyze the creation of a “psyche” separate from the
child’s “soma.” If these—primarily physical—frustrations exceed
the child’s ability to gracefully integrate the two systems, they
can be experienced as foreign and even hostile to one another,
forming a self that views itself in opposition to the body (104).
Joyce McDougall, another theoretician, viewed psychosomatic
symptoms as physical representations of mental states. For
McDougall, alexithymia—deficiency in a person’s ability to create
mental representations for difficult emotions—could result in
those emotions being translated into physical symptoms as an
unconscious form of “acting out,” quite in the same way that an
angry person might slam a door instead of voicing his or her
feelings (105). In such models, physical symptoms are viewed as a
defense mechanism against external frustrations, used to resolve
dilemmas, cope with traumatic events or escape interpersonal
conflict (11). In CD, as opposed to SSD, symptoms are seen as
having a psychological role, such as allowing emotional conflicts
involving stress, anger or shame to be resolved via the body,
without the patient having to arrive at conscious awareness
of the unpleasant feelings. This generally leads to the clinical
manifestation of symptoms coupled with alexithymia and low
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mechanisms of illness. Currently, physicians are trained to
analyze symptoms based on differential diagnosis rooted
in pathophysiological mechanisms. Physicians can categorize
diseases as inflammatory, infectious, degenerative, malignant,
genetic, metabolic, etc. These categorizations allow treatment to
be tailored to the mechanism of disease; the more precise the
diagnosis, the more effective the treatment. Malignant diseases
can be treated with chemotherapy, inflammatory diseases
with immunomodulatory treatment, infectious diseases with
antibiotics and so on. Until mind-body issues are incorporated
into a similar medical framework which allows for the discussion
of their underlying mechanisms and delineates a clear path for
treatment, it is unlikely that physicians will be able to adequately
care for these patients.
Previous models of mind-body interactions have tended
to fall into different camps based on particular theoretical
denominations, causing seemingly contradictory approaches in
many cases. Biomedical models tend to be dichotomous by
nature, viewing symptoms as either physical or psychological.
Most physicians will comfortably subsume patients from the first
two categories of our conceptual model, often with little thought
as to whether or not they might benefit from addressing psychosocial components of their condition. However, regarding the
last two categories of the model, the bio-medical approach
will face many difficulties. This is most clearly seen in the
third cluster. For, while psychiatrists/psychologists may treat
diagnosable psychopathology, patients in the third cluster, who
often lack both a clear physical or mental diagnosis, fall between
the cracks. This difficulty is reflected in pejorative clinical terms
used for such patients, such as: “heart-sink patients” (111)
and “frequent fliers” (112), and manifest across all levels of
patient care, from referral and diagnosis to notification and
treatment (113).
The last two categories in the model are treated in the
psychiatric literature, namely, the Diagnostic & Statistical Manual
(DSM-5) for mental health disorders (30). The DSM-5, as
per its stated mandate, views these conditions via a purely
phenomenological lens, relating not to proposed mechanisms
but to symptoms. This is certainly a valid perspective, but
also limiting. Two pertinent categories exist in this regard:
Somatic Symptoms Disorder (SSD) and Conversion Disorder
(CD), which loosely correlate with the third and fourth clusters
in our model, respectively, but with some important differences.
Regarding SSD, the DSM-5 emphasizes the existence of excessive
thoughts, feelings or behaviors related to the symptoms. Due
to this psychiatric lens, patients suffering from fibromyalgia,
IBS or TTH without measurable psychological distress will be
excluded, whereas in our model they would be included in
the third cluster. This is significant because as demonstrated,
many of the same psycho-biological mechanisms apply to such
patients. Based on the same perspective, the DSM-5 criteria
for diagnosing CD necessitate a clear discrepancy between
somatic complaints and neurological pathophysiology. This
insistence excludes pain disorders, for example, whose symptoms
cannot be controverted via neurological exam, but for whom
psychological processes of conversion may play a significant
role. Such patients would be included in our categorization
of CD.

psychological insight (106). In these conditions, pharmacological
and behavioral treatments will not provide a sufficient cure, as
they do not deal with the psychological drama that is occurring.
Rather, treatment should focus on unconscious processes and
employ modalities such as hypnosis or psychodynamic therapy
to help the patient achieve better resolution of the issues at the
root of the symptomology.

DISCUSSION
After presenting these four distinct clusters, we would like to
illustrate how this model can help guide treatment of the patients
mentioned earlier.
The first patient has a serious medical illness. His condition
will necessitate conventional medical interventions and he may
additionally benefit from medically-focused psychotherapy to
help him cope with his illness. This psychotherapy can be
provided by a medical psychologist and include elements such
as eliciting concerns, delineating motivation, conveying the
potential for connection, meaning, reconciliation, and closure in
the dying process (107).
The second patient has a chronic illness exacerbated by stress
(108). In her case, treatment should include steroids during MS
attacks and immunomodulatory medication during periods of
remission. However, in addition to pharmacotherapy, psychophysiological relaxation techniques and exercise can be effective
in reducing anxiety, fatigue, bladder incontinence and daily pain
intensity while improving balance and quality of life (109).
The third patient has FSS. The symptoms are caused by
psycho-biological processes of stress and sensitization and do
not serve any other psychic purpose in terms of the patient’s
mental life, as they might in the fourth cluster. Neither do
they include any significant histologic or morphologic changes
detectable by imaging procedures. In this case, the best course
of treatment would be psycho-education regarding the nature
of the physical symptoms and the mechanisms by which they
are maintained, physical exercise and CBT incorporating psychophysiological techniques such as hypnotic relaxation, meditation,
or biofeedback (93, 110).
The fourth patient has Conversion Disorder. Despite denying
stress as a catalyst, his symptoms can be seen as having a
psychological role in preventing his return to work; thus,
resolving what may be conflicting emotions about the promotion
he had been about to receive. In this case, the focus of treatment
must be on understanding and coming to terms with these
unconscious processes via hypnoanalytic or psychodynamic
psychotherapy. Stress reduction techniques will likely have little
effect on the symptoms, while extensive medical investigation
and pharmacotherapy will only exacerbate the condition over
the long term. In our experience with such patients, resolution
of the conflict, whether through psychotherapy or by external
means (such as a decision to make a professional change to
something better suited to his needs), will often resolve the
symptoms (Table 1).
A number of historical and philosophical attitudes have
separated mind and body, contributing to the construction of
a modern medical system that incorporates little infrastructure
for integrating the physical, psychological and sociological
Frontiers in Psychiatry | www.frontiersin.org
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TABLE 1 | Physical symptoms and their treatment stratified by the four-cluster model.
Symptom

Organic conditions

Stress exacerbated diseases

Functional somatic syndromes

Conversion disorder

Headaches

Secondary headaches
e.g., meningitis, tumor

Migraine

Tension type headache

•

Dyspnea

Pneumonia

Asthma

Panic attack

•

Loss of consciousness

Epilepsy

Syncope

Panic attack with dissociation

Psychogenic non-epileptic
seizures

Movement disorders

Parkinson’s disease

Essential tremor

Tic disorder

Functional neurological
syndromes

Abdominal pain

Colon cancer

Inflammatory Bowel Disease

Irritable bowel syndrome

Idiopathic abdominal pain

Chest pain

Myocardial infarction

Angina pectoris

Non-cardiac chest pain

•

Back pain

Radiculopathy

Chronic low back pain

•

Medical treatment

Standard care

Standard care

Neuro-modulatory, such as
anti-depressants, anti-epileptics; no
opiates, no invasive procedures

Not helpful

Psychological treatment

Coping with illness,
enhancing adherence

Mind-body techniques (hypnosis,
meditation, biofeedback) for stress
reduction

Psycho-education, cognitive
behavioral therapy, (hypnosis,
meditation, biofeedback)

Psychodynamic
Psychotherapy,
hypnoanalysis (ego state
therapy)

• Conversion Disorders can have many different manifestations including pain, as explained in the Discussion section of this article. However, since there are not necessarily separate
criteria for classifying Conversion Disorder, we left some of these categories empty.

There are, of course, models in both the psychological
and medical literature that attempt to describe the mind-body
relationship via specific theoretical frameworks and extrapolate
therapeutic modalities. Psychodynamic models have traditionally
looked at psychosomatic symptoms as the conversion of
psychic pain into physiological symptoms, without discussing
the biological pathways involved (2). Cognitive-behavioral
models, in turn, have focused on psychosomatic symptoms
as the result of psycho-biological conditioning and emphasize
cognitive processes such as catastrophization (114) and negative
attention to symptoms, as well as physiological and behavioral
processes such as stress and sensitization (115). However, these
models lack a more nuanced and systematic approach for
understanding the different ways various psycho-physiological
mechanisms affect the body. For example, stress affects the
second and third cluster very differently. In second cluster
diseases, such as Crohn’s disease or MS, psychological factors,
such as stress, exacerbate inflammatory processes that can be
seen and measured objectively. In the third cluster, stress is
involved in processes such as central sensitization but does
not cause measurable histological changes. For this reason,
pharmacotherapy is significantly more effective with second
cluster diseases than it is with third cluster diseases.
It is our view that these varying perspectives are not
contradictory but complementary and each is an appropriate
description of a different group of patients. Our model
provides a mechanism-driven categorization by integrating
different approaches into one meta-model. Biological models
are adept at explaining the first cluster, PNI studies elucidate
the second, psycho-biological conditioning theories contribute
to an understanding of the third, and psychodynamic theories
help make sense of the fourth. It is important to note that
we do not maintain that each of these domains pertains
solely to one cluster, only that it provides the most concise
explanation for the salient features of that cluster. PNI
studies interrelate with clusters other than the second, as does
Frontiers in Psychiatry | www.frontiersin.org

psycho-biological conditioning with conditions outside of the
third. However, each enables the clearest understanding of the
underlying mechanisms of a particular group of conditions,
allowing for more precise treatment plans, tailored to patients’
needs based on an understanding of the directionality of
the relationships between mind and body in each of the
four clusters. The four-cluster model seeks to bridge the
extant conceptual gap by creating an overarching spectrum
with proposed mechanisms and directionality, by means of
which therapeutic interventions may be effectively planned.
A comprehensive model affords an understanding of patients’
conditions by means of proposed mechanisms, as opposed to
purely phenomenological perspectives. This allows theories to be
placed side-by-side, so that each can inform treatment for the
patients for whom they are most relevant.
Future research is needed to validate the theoretical and
clinical relevance of the four-cluster model. Theoretical research
should focus on forming a clearer understating of the
mechanisms involved in the various clusters. In this way,
our model could be disconfirmed if biological processes and
matching medical treatments were to be discovered that could
explain and alleviate symptoms for third and fourth cluster
diseases. For example, if either biological treatment such as
antibiotics could cure chronic fatigue syndrome or conversely,
if psychotherapy such as hypnosis could cure cancer, our model
would prove to be irrelevant.
Additionally, clinical research could compare patient
outcomes when treatment is matched to the patient’s position
on the mind-body spectrum, as opposed to patients whose
treatment is not matched. If outcome measures improve
when treatments are matched to patients’ placement along the
four cluster spectrum, it would help support the efficacy of
our conceptualization.
In summary, when physicians are aware that they must place
patients along a bio-psycho-social spectrum, they can create
effective clinical partnerships with MHPs and refer patients
for treatment with the proper medical explanation regarding
8

March 2019 | Volume 10 | Article 39

Ezra et al.

The Four-Cluster Model

AUTHOR CONTRIBUTIONS

the complex interactions taking place between mind and body,
resulting in the formation of discrete therapeutic goals. We
believe that such partnerships would improve communication
between physicians and MHPs and help clinicians avoid
inappropriate treatment plans, such as using hypnosis to treat
cancer or surgery to treat CD. Consultations could take place
more frequently and efficiently, professional boundaries would
be more clearly delineated and joint research endeavors could be
undertaken with greater ease than in the past.

All authors contributed to the theoretical perspectives
presented in the article. YE is credited with the original
development of the four-cluster model. OH contributed
extensively to further development of the model and the
text of the article. GS added a great deal of insight to
the model and to the way in which it interacts with other
theoretical perspectives.

REFERENCES

19. Fukui PT, Gonçalves TRT, Strabelli CG, Lucchino NMF, Matos FC, Dos
Santos JPM, et al. Trigger factors in migraine patients. Arquivos de NeuroPsiquiatria. (2008) 66:494–9. doi: 10.1590/S0004-282X2008000400011
20. Hashizume M, Yamada U, Sato A, Hayashi K, Amano Y, Makino M, et al.
Stress and psychological factors before a migraine attack: a time-based
analysis. BioPsychoSocial Med. (2008) 2:14. doi: 10.1186/1751-0759-2-14
21. McGrady A. The effects of biofeedback in diabetes and essential
hypertension. Cleve Clin J Med. (2010) 77(Suppl. 3):S68–71.
doi: 10.3949/ccjm.77.s3.12
22. Kiecolt-Glaser JK, McGuire L, Robles TF Glaser R. Emotions, morbidity,
& mortality: new perspectives from psychoneuroimmunology. Annu Rev
Psychol. (2002) 53:83–107. doi: 10.1146/annurev.psych.53.100901.135217
23. Dinan TG. Psychoneuroendocrinology of depression. Psychiatr Clin North
Am. (1998) 21:325–39. doi: 10.1016/S0193-953X(05)70008-3
24. Malarkey WB, Wu H, Cacioppo JT, Malarkey KL, Poehlmann KM, Glaser
R, et al. Chronic stress down regulates growth hormone gene expression in
peripheral blood mononuclear cells of older adults. Endocrine. (1996) 5:33–9.
doi: 10.1007/BF02738653
25. Cohen S, Herbert TB. Health Psychology: psychological factors and physical
disease from the perspective of human psychoneuroimmunology. Ann Rev
Psychol. (1996) 47:113–42. doi: 10.1146/annurev.psych.47.1.113
26. Mullally WJ, Hall K, Goldstein R. Efficacy of biofeedback in the treatment of
migraine and tension type headaches. Pain Phys. (2009) 12:1005–11.
27. Mizrahi MC, Reicher-Atir R, Levy S, Haramati S, Wengrower D, Israeli E
et al. Effects of guided imagery with relaxation training on anxiety and quality
of life among patients with inflammatory bowel disease. Psychol Health.
(2012) 27:1463–79. doi: 10.1080/08870446.2012.691169
28. Leventhal H, Weinman J, Leventhal EA, Phillips LA. Health psychology: the
search for pathways between behavior and health. Annu Rev Psychol. (2008)
59:477–505. doi: 10.1146/annurev.psych.59.103006.093643
29. Wessely S, Nimnuan C, Sharpe M. Functional somatic syndromes: one or
many? Lancet. (1999) 354:936–9. doi: 10.1016/S0140-6736(98)08320-2
30. American Psychiatric Association. Diagnostic and Statistical Manual
of Mental Disorders. 5th ed. Washington, DC: American Psychiatric
Association (2013). doi: 10.1176/appi.books.9780890425596
31. Burton C. Beyond somatisation: a review of the understanding and treatment
of medically unexplained physical symptoms (MUPS). Br J General Pract.
(2003) 53:231–9.
32. Yunus MB. Central sensitivity syndromes: a new paradigm and group
nosology for fibromyalgia and overlapping conditions, and the related
issue of disease versus illness. Semin Arthritis Rheum. (2008) 37:339–52.
doi: 10.1016/j.semarthrit.2007.09.003
33. Eriksen HR, Ihlebaek C. Subjective health complaints. Scand J Psychol. (2002)
43:101–3. doi: 10.1111/1467-9450.00274
34. van Eck van der Sluijs J, Ten Have M, Rijnders C, van Marwijk
H, de Graaf R, van der Feltz-Cornelis C. Medically unexplained and
explained physical symptoms in the general population: association with
prevalent and incident mental disorders. PLoS ONE. (2015) 10:e0123274.
doi: 10.1371/journal.pone.0123274
35. Chang MH, Hsu JW, Huang KL, Su TP, Bai YM, Li CT, et al.
Bidirectional association between depression and fibromyalgia
syndrome: a nationwide longitudinal study. J Pain. (2015) 16:895–902.
doi: 10.1016/j.jpain.2015.06.004
36. Wilhelmsen
I.
Biological
sensitisation
and
psychological
amplification: gateways to subjective health complaints and

1. Jaini PA, Lee JS. A Review of 21st century utility of a biopsychosocial model
in United States medical school education. J Lifestyle Med. (2015) 5, 49–59.
doi: 10.15280/jlm.2015.5.2.49
2. Smadja C. Psychoanalytic psychosomatics. Int J Psychoanal. (2011) 92:221–
30. doi: 10.1111/j.1745-8315.2010.00390.x
3. Friedman HS, Adler NE. The history and background of health psychology.
In: Friedman HS, Cohen-Silver R, editors. Foundations of Health Psychology.
New York, NY: Oxford University Press (2007) p. 3–18.
4. Taylor SE. Health Psychology. Boston, MA: McGraw-Hill (2006).
5. Engel GL. The need for a new medical model: a challenge for biomedicine.
Science. (1977) 196:129–36. doi: 10.1126/science.847460
6. Peters EM. Stressed skin? - a molecular psychosomatic update on stresscauses and effects in dermatologic diseases. J Dtsch Dermatol Ges. (2016)
14:233–52; quiz: 253. doi: 10.1111/ddg.12957
7. Wright RJ, Rodriguez M, Cohen S. Review of psychosocial stress and
asthma: an integrated biopsychosocial approach. Thorax. (1998) 53:1066–74.
doi: 10.1136/thx.53.12.1066
8. Ader R, Cohen N, Felten D. Psychoneuroimmunology: interactions between
the nervous system and the immune system. Lancet. (1995) 345:99–103.
doi: 10.1016/S0140-6736(95)90066-7
9. Rosenkranz MA, Davidson RJ, Maccoon DG, Sheridan JF, Kalin NH, Lutz A.
A comparison of mindfulness-based stress reduction and an active control
in modulation of neurogenic inflammation. Brain Behav Immun. (2013)
27:174–84. doi: 10.1016/j.bbi.2012.10.013
10. Hammerman, O. Mostofsky D, Louria Y, Ifergane G, Ezra Y. [Preached but
not practiced–why is behavioral medicine not more widely implemented in
modern medical practice?]. HaRefuah. (2016) 155:119–23 (Hebrew).
11. Espay AJ, Aybek S, Carson A, Edwards MJ, Goldstein LH,
Hallett M, et al. Current concepts in diagnosis and treatment of
functional neurological disorders. JAMA Neurol. (2018) 75:1132–41.
doi: 10.1001/jamaneurol.2018.1264
12. Yang Y, Wen Y, Bedi C, Humphris G. The relationship between
cancer patient’s fear of recurrence and chemotherapy: a systematic
review and meta-analysis. J Psychosom Res. (2017) 98:55–63.
doi: 10.1016/j.jpsychores.2017.05.002
13. Petrie KJ, Weinman J, Sharpe N, Buckley J. Role of patients’ view
of their illness in predicting return to work and functioning after
myocardial infarction: longitudinal study. BMJ. (1996) 312:1191–4.
doi: 10.1136/bmj.312.7040.1191
14. Andersen BL, Golden-Kreutz DM, Emery CF, Thiel DL. Biobehavioral
Intervention for Cancer Stress: conceptualization, components,
and intervention Strategies. Cogn Behav Pract. (2009) 16, 253–65
doi: 10.1016/j.cbpra.2008.11.002
15. Ogden J. Health Psychology. Buckingham: Open University Press (2004).
16. Petrie KJ, Weinman J. Why illness perceptions matter. Clin Med. (2006)
6:536–9. doi: 10.7861/clinmedicine.6-6-536
17. Britt E, Hudson SM, Blampied NM. Motivational interviewing in
health settings: a review. Patient Educ Couns. (2004) 53:147–55.
doi: 10.1016/S0738-3991(03)00141-1
18. Desautels C, Trudel-Fitzgerald C, Ruel S, Ivers H, Savard J.
Do cancer-related beliefs influence the severity, incidence, and
persistence of psychological symptoms? Cancer Nurs. (2017) 40:E50–8.
doi: 10.1097/NCC.0000000000000412

Frontiers in Psychiatry | www.frontiersin.org

9

March 2019 | Volume 10 | Article 39

Ezra et al.

37.

38.

39.
40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

The Four-Cluster Model

somatoform disorders. Psychoneuroendocrinology. (2005) 30:990–5.
doi: 10.1016/j.psyneuen.2005.01.011
Leistad RB, Sand T, Nilsen KB, Westgaard RH, Stovner LJ. Cardiovascular
responses to cognitive stress in patients with migraine and tension-type
headache. BMC Neurol. (2007) 7:23. doi: 10.1186/1471-2377-7-23
Gracely RH, Petzke F, Wolf JM, Clauw DJ. Functional magnetic resonance
imaging evidence of augmented pain processing in fibromyalgia. Arthritis
Rheum. (2002) 46:1333–43. doi: 10.1002/art.10225
Drossman DA. Abuse, trauma, and GI illness: is there a link? Am J
Gastroenterol. (2011) 106:14–25. doi: 10.1038/ajg.2010.453
Ezra Y. OE, Rigel O, Ben-Hur T. Managing patients with unexplained
medical complaints: How to diagnose and treat “Low Threshold Syndromes.”
In: Sarid O, editor. Mind-Body Mosaic: Women’s Health in Israel. Be’er Sheba:
Ben-Gurion University of the Negev Press (2010) p. 455–81.
Rief W. Broadbent E. Explaining medically unexplained symptomsmodels and mechanisms. Clin Psychol Rev. (2007) 27:821–41.
doi: 10.1016/j.cpr.2007.07.005
Dimitrakov J, Guthrie D. Genetics and phenotyping of urological
chronic pelvic pain syndrome. J Urol. (2009) 181:1550–7.
doi: 10.1016/j.juro.2008.11.119
Kato K, Sullivan PF, Evengard B, Pedersen NL. A population-based
twin study of functional somatic syndromes. Psychol Med. 39:497–505.
doi: 10.1017/S0033291708003784
Kato K, Sullivan PF, Pedersen NL. Latent class analysis of functional somatic
symptoms in a population-based sample of twins. J Psychosomatic Res. (2010)
68:447–53. doi: 10.1016/j.jpsychores.2010.01.010
Jensen I, Nygren A, Gamberale F, Goldie I, Westerholm P. Coping with longterm musculoskeletal pain and its consequences: is gender a factor? Pain.
(1994) 57:167–72. doi: 10.1016/0304-3959(94)90220-8
Robinson ME, Wise EA, Gagnon C, Fillingim RB, Price DD. Influences of
gender role and anxiety on sex differences in temporal summation of pain. J
Pain. (2004) 5:77–82. doi: 10.1016/j.jpain.2003.11.004
Staud R, Robinson ME, Vierck CJ Jr, Price DD. Diffuse noxious inhibitory
controls (DNIC) attenuate temporal summation of second pain in normal
males but not in normal females or fibromyalgia patients. Pain. (2003)
101:167–74. doi: 10.1016/S0304-3959(02)00325-1
Pennebaker JW. Psychological factors influencing the reporting of physical
symptoms. In Stone AA, Turkkan JS, Bachrach CA, Jobe JB, Kurtzman HS,
Cain VS, editors. The Science of Self Report: Implicatons for Research and
Practice. Mahwah, NJ: Lawrence Erlbaum Associates (2000). p. 299–315.
Grabe HJ, Spitzer C, Freyberger HJ. Alexithymia and personality in relation
to dimensions of psychopathology. Am J Psychiatry. (2004) 161:1299–301.
doi: 10.1176/appi.ajp.161.7.1299
Rocha EM, Prkachin KM. Temperament and pain reactivity predict
health behavior seven years later. J Pediatric Psychol. (2007) 32:393–9.
doi: 10.1093/jpepsy/jsl036
Conrad R, Wegener I, Imbierowicz K, Liedtke R, Geiser F. Alexithymia,
temperament and character as predictors of psychopathology in
patients with major depression. Psychiatry Res. (2009) 165:137–44.
doi: 10.1016/j.psychres.2007.10.013
Liu L, Cohen S, Schulz MS, Waldinger RJ. Sources of somatization:
exploring the roles of insecurity in relationships and styles of
anger experience and expression. Soc Sci Med. (2011) 73:1436–43.
doi: 10.1016/j.socscimed.2011.07.034
Mols F, Denollet J. Type D personality in the general population: a systematic
review of health status, mechanisms of disease, and work-related problems.
Health Quality Life Outcomes. (2010) 8:9. doi: 10.1186/1477-7525-8-9
Subic-Wrana C, Beutel ME, Knebel A, Lane RD. Theory of mind
and emotional awareness deficits in patients with somatoform disorders.
Psychosomatic Med. (2010) 72:404–11. doi: 10.1097/PSY.0b013e3181d35e83
Aggarwal VR, McBeth J, Zakrzewska JM, Lunt M, Macfarlane GJ. The
epidemiology of chronic syndromes that are frequently unexplained: do
they have common associated factors? Int J Epidemiol. (2006) 35:468–76.
doi: 10.1093/ije/dyi265
Simon GE, VonKorff M, Piccinelli M, Fullerton C, Ormel J. An international
study of the relation between somatic symptoms and depression. N Engl J
Med. 341:1329–35. doi: 10.1056/NEJM199910283411801
Agüera L, Failde I, Cervilla JA, Díaz-Fernández P, Mico JA. Medically
unexplained pain complaints are associated with underlying unrecognized

Frontiers in Psychiatry | www.frontiersin.org

58.
59.

60.

61.

62.

63.

64.

65.

66.

67.
68.

69.

70.

71.

72.

73.
74.

75.

76.

77.

78.

10

mood disorders in primary care. BMC Family Pract. (2010) 11:17.
doi: 10.1186/1471-2296-11-17
Gracely RH, Ceko M, Bushnell MC. Fibromyalgia and depression. Pain Res
Treat. (2012) 2012:486590. doi: 10.1155/2012/486590
Cao M, Zhang S, Wang K, Wang Y, Wang W. Personality traits in migraine
and tension-type headaches: a five-factor model study. Psychopathology.
(2002) 35:254–8. doi: 10.1159/000063829
Perozzo P, Savi L, Castelli L, Valfre W, Lo Giudice R, Gentile S, et al. Anger
and emotional distress in patients with migraine and tension-type headache.
J Headache Pain. (2005) 6:392–9. doi: 10.1007/s10194-005-0240-8
Paras ML, Murad MH, Chen LP, Goranson EN, Sattler AL, Colbenson
KM, et al. Sexual abuse and lifetime diagnosis of somatic disorders:
a systematic review and meta-analysis. JAMA. (2009) 302:550–61.
doi: 10.1001/jama.2009.1091
Van Houdenhove B, Neerinckx E, Lysens R, Vertommen H, Van
Houdenhove L, Onghena P, et al. Victimization in chronic fatigue syndrome
and fibromyalgia in tertiary care: a controlled study on prevalence and
characteristics. Psychosomatics. (2001) 42:21–8. doi: 10.1176/appi.psy.42.1.21
Ablin JN, Shoenfeld Y, Buskila D. Fibromyalgia, infection and vaccination:
two more parts in the etiological puzzle. J Autoimmunity. (2006) 27:145–52.
doi: 10.1016/j.jaut.2006.09.004
Buskila D, Neumann L, Vaisberg G, Alkalay D, Wolfe F. Increased
rates of fibromyalgia following cervical spine injury. a controlled study
of 161 cases of traumatic injury. Arthritis Rheumat. (1997) 40:446–52.
doi: 10.1002/art.1780400310
Eriksen HR, Ursin H. Subjective health complaints, sensitization, and
sustained cognitive activation (stress). J Psychosomatic Res. (2004) 56:445–8.
doi: 10.1016/S0022-3999(03)00629-9
Wilder-Smith CH, Schindler D, Lovblad K, Redmond SM, Nirkko
A. Brain functional magnetic resonance imaging of rectal pain and
activation of endogenous inhibitory mechanisms in irritable bowel
syndrome patient subgroups and healthy controls. Gut. (2004) 53:1595–601.
doi: 10.1136/gut.2003.028514
Lorenzen I. Fibromyalgia: a clinical challenge. J Int Med. (1994) 235:199–203.
doi: 10.1111/j.1365-2796.1994.tb01060.x
Roditi D, Robinson ME. The role of psychological interventions in the
management of patients with chronic pain. Psychol Res Behav Manage. (2011)
4:41–9. doi: 10.2147/PRBM.S15375
Vangronsveld KL, Peters M, Goossens M, Vlaeyen J. The influence of fear
of movement and pain catastrophizing on daily pain and disability in
individuals with acute whiplash injury: a daily diary study. Pain. (2008)
139:449–57. doi: 10.1016/j.pain.2008.05.019
Boersma K, Linton SJ. Expectancy, fear and pain in the prediction of chronic
pain and disability: a prospective analysis. Eur J Pain. (2006) 10:551–7.
doi: 10.1016/j.ejpain.2005.08.004
Apkarian AV, Bushnell MC, Treede RD, Zubieta JK. Human brain
mechanisms of pain perception and regulation in health and disease. Eur J
Pain. (2005) 9:463–84. doi: 10.1016/j.ejpain.2004.11.001
Moshiree B, Price DD, Robinson ME, Gaible R, Verne GN. Thermal
and visceral hypersensitivity in irritable bowel syndrome patients
with and without fibromyalgia. Clin J Pain. (2007) 23:323–30.
doi: 10.1097/AJP.0b013e318032e496
Van Houdenhove B, Luyten P. Stress, depression and fibromyalgia. Acta
Neurologica Belgica. (2006) 106:149–56.
Bansevicius D, Westgaard RH, Sjaastad OM. Tension-type headache: pain,
fatigue, tension, and EMG responses to mental activation. Headache. (1999)
39:417–25. doi: 10.1046/j.1526-4610.1999.3906417.x
Ploghaus A, Narain C, Beckmann CF, Clare S, Bantick S, Wise
R, et al. Exacerbation of pain by anxiety is associated with
activity in a hippocampal network. J Neurosci. (2001) 21:9896–903.
doi: 10.1523/JNEUROSCI.21-24-09896.2001
Edwards RR, Ness TJ, Weigent DA, Fillingim RB. Individual differences
in diffuse noxious inhibitory controls (DNIC): association with clinical
variables. Pain. (2003) 106:427–37. doi: 10.1016/j.pain.2003.09.005
Pielsticker A, Haag G, Zaudig M, Lautenbacher S. Impairment of pain
inhibition in chronic tension-type headache. Pain. (2005) 118:215–23.
doi: 10.1016/j.pain.2005.08.019
Sandrini G, Rossi P, Milanov I, Serrao M, Cecchini AP, Nappi G. Abnormal
modulatory influence of diffuse noxious inhibitory controls in migraine

March 2019 | Volume 10 | Article 39

Ezra et al.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

The Four-Cluster Model

and chronic tension-type headache patients. Cephalalgia. (2006) 26:782–9.
doi: 10.1111/j.1468-2982.2006.01130.x
Peters ML, Schmidt AJ, Van den Hout MA, Koopmans R, Sluijter
ME. Chronic back pain, acute postoperative pain and the activation
of diffuse noxious inhibitory controls (DNIC). Pain. (1992) 50:177–87.
doi: 10.1016/0304-3959(92)90159-9
Leffler AS, Hansson P, Kosek E. Somatosensory perception in a remote
pain-free area and function of diffuse noxious inhibitory controls (DNIC)
in patients suffering from long-term trapezius myalgia. Eur J Pain. (2002)
6:149–59. doi: 10.1053/eujp.2001.0312
Yarnitsky D, Crispel Y, Eisenberg E, Granovsky Y, Ben-Nun A,
Sprecher E, et al. Prediction of chronic post-operative pain: preoperative DNIC testing identifies patients at risk. Pain. (2008) 138:22–8.
doi: 10.1016/j.pain.2007.10.033
Binder LM, Campbell KA. Medically unexplained symptoms and
neuropsychological assessment. J Clin Exp Neuropsychol. (2004) 26:369–92.
doi: 10.1080/13803390490510095
Lumley MA, Asselin LA, Norman S. Alexithymia in chronic
pain
patients.
Comprehens
Psychiatry.
(1997)
38:160–65
doi: 10.1016/S0010-440X(97)90069-9
Lackner JM, Quigley BM. Pain catastrophizing mediates the relationship
between worry and pain suffering in patients with irritable bowel syndrome.
Behav Res Therapy. (2005) 43:943–57. doi: 10.1016/j.brat.2004.06.018
Drahovzal DN, Stewart SH, Sullivan MJ. Tendency to catastrophize
somatic sensations: pain catastrophizing and anxiety sensitivity
in predicting headache. Cogn Behav Ther. (2006) 35:226–35.
doi: 10.1080/16506070600898397
Burgmer, M, Petzke F, Giesecke T, Gaubitz M, Heuft G, Pfleiderer
B. Cerebral activation and catastrophizing during pain anticipation
in patients with fibromyalgia. Psychosomatic Med. (2011) 73:751–9.
doi: 10.1097/PSY.0b013e318236588a
Otto C, Bischof G, Rumpf HJ, Meyer C, Hapke U, John U. Multiple
dimensions of health locus of control in a representative population
sample: ordinal factor analysis and cross-validation of an existing three
and a new four factor model. BMC Med Res Methodol. (2011) 11:114.
doi: 10.1186/1471-2288-11-114
Page LA, Wessely S. Medically unexplained symptoms: exacerbating
factors in the doctor-patient encounter. J R Soc Med. 96:223–7.
doi: 10.1177/014107680309600505
Lumley MA, Stettner L, Wehmer F. How are alexithymia and physical
illness linked? A review and critique of pathways. J Psychosom Res. (1996)
41:505–18. doi: 10.1016/S0022-3999(96)00222-X
Miller G, Chen E, Cole SW. Health psychology: developing biologically
plausible models linking the socialworld and physical health. Annu Rev
Psychol. (2009).60:501–24. doi: 10.1146/annurev.psych.60.110707.163551
Picavet HS, Vlaeyen JW, Schouten JS. Pain catastrophizing and
kinesiophobia: predictors of chronic low back pain. Am J Epidemiol.
(2002) 156:1028–34. doi: 10.1093/aje/kwf136
Malfliet A, Van Oosterwijck J, Meeus M, Cagnie B, Danneels L,
Dolphens M, et al. Kinesiophobia and maladaptive coping strategies
prevent improvements in pain catastrophizing following pain neuroscience
education in fibromyalgia/chronic fatigue syndrome: an explorative study.
Physiother Theory Pract. (2017) 33:653–60.
van Dessel N, den Boeft M, van der Wouden JC, Kleinstauber M,
Leone SS, Terluin B, et al. Non-pharmacological interventions for
somatoform disorders and medically unexplained physical symptoms
(MUPS) in adults. Cochr Database Syst Rev. (2014) 11:CD011142.
doi: 10.1002/14651858.CD011142
Cunningham JL1, Evans MM2, King SM2, Gehin JM2, Loukianova
LL2. Opioid tapering in fibromyalgia patients: experience from an
interdisciplinary pain rehabilitation program. Pain Med. (2016) 17:1676–85
doi: 10.1093/pm/pnv079
Solomon GD. Chronic tension-type headache: advice for the
viselike-headache patient. Cleveland Clin J Med. (2002) 69:167–72.
doi: 10.3949/ccjm.69.2.167
Diener HC, Holle D, Solbach K, Gaul C.Medication-overuse headache: risk
factors, pathophysiology and management. Nat Rev Neurol. (2016) 12:575–
83. doi: 10.1038/nrneurol.2016.124

Frontiers in Psychiatry | www.frontiersin.org

97. Allen LA, Woolfolk RL, Escobar JI, Gara MA, Hamer RM. Cognitivebehavioral therapy for somatization disorder: a randomized controlled
trial. Arch Inter Med. (2006) 166:1512–8. doi: 10.1001/archinte.166.
14.1512
98. Kleinstauber M, Witthoft M, Steffanowski A, van Marwijk H, Hiller
W, Lambert MJ. Pharmacological interventions for somatoform
disorders in adults. Cochr Database Syst Rev. (2014) 11:CD010628.
doi: 10.1002/14651858.CD010628.pub2
99. Volkow, ND, McLellan. AT opioid abuse in chronic pain—misconceptions
and mitigation strategies. N Engl J Med. (2016) 374:1253–63.
doi: 10.1056/NEJMra1507771
100. Munksgaard SB, Jensen RH. Medication overuse headache. Headache. (2014)
54:1251–7. doi: 10.1111/head.12408
101. Yi P, Pryzbylkowski P. Opioid induced hyperalgesia. Pain Med. (2015) 16:
S32–6. doi: 10.1111/pme.12914
102. Kanaan R, Armstrong D, Barnes P, Wessely S. In the psychiatrist’s chair:
how neurologists understand conversion disorder. Brain. (2009) 132(Pt
10):2889–96. doi: 10.1093/brain/awp060
103. Engel GL, Schmale AH Jr. Psychoanalytic theory of somatic disorder.
Conversion, specificity, and the disease onset situation. J Am Psychoanal
Assoc. (1967) 15:344–65. doi: 10.1177/000306516701500206
104. Winnicott DW. Chapter 20: Psycho-somatic disorder. In: Winnicott C,
Shepherd R, Davis M, editors. Psycho-Analytic Exploration. Cambridge, MA:
Harvard University Press (1964/1989).
105. McDougall J. Theaters of the Body: A Psychoanalytic Approach to
Psychosomatic Illness. New York, NY; London: W. W. Norton &
Company (1989).
106. Aybek S, Nicholson TR, Zelaya F, O’Daly OG, Craig TJ, David
AS, et al. Neural correlates of recall of life events in conversion
disorder. JAMA Psychiatry. (2014) 71:52–60. doi: 10.1001/jamapsychiatry.20
13.2842
107. Block S. Assessing and managing depression in the terminally Ill patient. Ann
Inter Med. (2000) 132:3. doi: 10.7326/0003-4819-132-3-200002010-00007
108. Golan D, Somer E, Dishon S, Cuzin-Disegni L, Miller A. Impact of exposure
to war stress on exacerbations of multiple sclerosis. Ann Neurol. (2008)
64:143–8. doi: 10.1002/ana.21409
109. Senders A, Wahbeh H, Spain R, Shinto L. Mind-body medicine for multiple
sclerosis: a systematic review. Autoimmune Dis. (2012) 2012:567324.
doi: 10.1155/2012/567324
110. Kent C, McMillan G A CBT-based approach to medically
unexplained symptoms. Adv Psychiatric Treat. (2009) 15:146–51
doi: 10.1192/apt.bp.107.004606
111. Porter M, Gorman, D. Approaches to somatisation. BMJ. 298:1332–3.
doi: 10.1136/bmj.298.6684.1332
112. Hackenschmidt A. Should access to emergency departments be
limited for “frequent fliers”? J Emerg Nurs. (2003) 29:486–8.
doi: 10.1016/S0099-1767(03)00284-8
113. Hatcher S, Arroll B. Assessment and management of medically unexplained
symptoms. BMJ. (2008) 336:1124–8. doi: 10.1136/bmj.39554.592014.BE
114. Sullivan MJ, Thorn B, Haythornthwaite JA, Keefe F, Martin M, Bradley
LA, et al. Theoretical perspectives on the relation between catastrophizing
and pain. Clin J Pain. (2001) 17:52–64. doi: 10.1097/00002508-20010300000008
115. Deary V, Chalder T, Sharpe M. The cognitive behavioural model of medically
unexplained symptoms: a theoretical and empirical review. Clin Psychol Rev.
(2007) 27:781–97. doi: 10.1016/j.cpr.2007.07.002
Conflict of Interest Statement: The authors declare that the research was
conducted in the absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.
Copyright © 2019 Ezra, Hammerman and Shahar. This is an open-access article
distributed under the terms of the Creative Commons Attribution License (CC BY).
The use, distribution or reproduction in other forums is permitted, provided the
original author(s) and the copyright owner(s) are credited and that the original
publication in this journal is cited, in accordance with accepted academic practice.
No use, distribution or reproduction is permitted which does not comply with these
terms.

11

March 2019 | Volume 10 | Article 39

