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Abstract
Somatoform disorders are troubling to both patients and physicians. The diagnosis regrettably
relies on the presence of subjective distress in the absence of objective findings. As a result, there
is always the possibility that a diagnosis will be “missed.” There is a clear underlying physiology
of distress, which implies that there is a two-way street—both psychosomatic and somatopsychic
in terms of production and experience of somatoform symptoms. Studies on communication
pathways from the immune system to the brain provide exciting new information on the
pathophysiology of inflammation-associated symptoms.
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INTRODUCTION
At the heart of every clinical interchange is the doctor’s attempt to reconcile the patient’s
subjective complaints with the objective findings, a 2 × 2 table, so to speak (Table 1).
Medicine is typically most comfortable when these two areas are in agreement. When—for
instance—objective findings and subjective complaints are present, one recognizes an “ideal
disease.” Similarly, when neither objective findings nor subjective complaints are present,
one happily recognizes “no disease.” Unfortunately, it is not uncommon for disparities
between findings and complaints. The bulk of this paper will discuss the situation where
objective findings are absent but subjective complaints are present. This situation may be
viewed either as “undiagnosed disease” or alternatively as “somatoform disorder.”

“Somatoform disorders” represent a very heterogeneous group of patient presentations,
ranging from conversion disorder to hypochondriasis to somatization disorder to body
dysmorphic disorder to pain disorder, etc. The neologism was introduced in the Diagnostic
and Statistical Manual of Mental Disorders, 3rd Edition in the hopes of finding a neutral-
sounding all-encompassing diagnostic label and in the recognition that many patients present
with somatic distress that does not “fit” in the rubric of anxiety, mood, or psychotic
disorders. Like Wilsonian efforts to redraw the map of Europe after World War I, this
diagnostic category grouped together some uneasy companions. For the purpose of this
paper, we use “somatoform” to refer to one segment of this disorder—psychiatric patient
presentations associated with significant somatic distress (e.g., pain, fatigue).
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It is the thesis of this paper that a substantial reservoir of undiagnosed disease is found in
somatoform disorders. Before developing this premise, however, it is necessary to complete
the 2 × 2 table. There is one further cell of the table that is at least as troubling as the
somatoform disease category. Not infrequently, physicians encounter objective findings in
the absence of subjective complaints. Such a situation is common in occult disease and is
also common in denial or stoicism. A great deal could be written on this latter cell, but this
paper focuses primarily on the cell wherein the diagnosis of somatoform disease is typically
made.

Four Ways That Unrecognized Diseases Get Labeled as Somatoform Diseases
First, it is by no means unlikely that patients’ illnesses get labeled as somatoform diseases
because the doctor has simply missed the diagnosis by insufficient attention to the history,
physical examination, or adjunctive laboratory tests. This happens rather more often than
one would like. Hong and Dimsdale recently carried out a pilot study of exercise as a
treatment of fatigue in breast cancer patients (unpublished). They recruited a small number
of breast cancer survivors who had devastating amounts of fatigue and who were willing to
try an exercise regimen. As part of the baseline data, they obtained basic relevant laboratory
studies and found that 40% of the patients were frankly hypothyroid. How did it come about
that this eminently treatable cause of fatigue was not diagnosed? Breast cancer survivors are
typically passed back and forth between oncologist and primary care provider. Neither of
these physician pairs worked up the patients for their fatigue. Rather, they both assumed the
fatigue was a result of chemotherapy or perhaps was a form fruste of depression in response
to the stress of illness.

A second way that unrecognized diseases get labeled as somatoform diseases is by not
relying on contemporary diagnostic techniques. There have been astonishing breakthroughs
in clinical chemistry as well as anesthesia, imaging, and medical instrumentation. As a
result, we are now recognizing a huge reservoir of unrecognized diseases because we
previously lacked the techniques to study them. Obstructive sleep apnea (OSA), first
discussed in a fascinating case report 50 years ago, is now recognized as an extremely
prominent sleep disorder. Whereas the initial diagnosis of OSA was confined to rare “zebra”
presentations marked by profound obesity and somnolence, contemporary diagnosis, made
possible by ever smaller sleep monitoring systems, reveals that OSA is prevalent in 4% to
9% of the population, depending on population characteristics and definitional cut points
(1). Similarly, celiac disease, once diagnosed as a rare malabsorption disorder in infancy, is
now recognized as prevalent in 1% of the population. Accompanied by ill-defined findings
and symptoms such as mild anemia and fatigue, the diagnosis can now be made thanks to
progress in clinical chemistry, such as development of endomysial antibody tests (2) and
pharmacological developments to make possible conscious sedation as well as biomedical
instrument development to facilitate endoscopy. We now know that a huge population has
an eminently treatable disease, if only we stop to think about the possibility of that
diagnosis. We mention OSA and celiac disease in this context because both are
characterized by fatigue and emotional distress and thus could readily be misdiagnosed as a
somatoform disorder.

There is a third way that unrecognized diseases get labeled as somatoform diseases. Insights
from basic science research can have profound ramifications for clinical symptoms.
Symptoms, such as pain and fatigue, are core presentations in many patients with
somatoform illness. However, those symptoms are tightly related to each other and have the
potential to be worsened by iatrogenic factors. Fundamental research in sleep, for instance,
has demonstrated that sleep disruption lowers pain threshold. Other work demonstrates that
opioids—the mainstay for treatment of severe pain—disrupt sleep (3). Thus, one has the
potential for a vicious circle in the treatment of pain. We treat the pain with opioids, thereby
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interrupting sleep and increasing daytime fatigue, thereby ensuring a need for more opioids,
etc. How many of our pain patients who bear a label as “somatoform disorder” patients do
so as a result of well-intended clinical interventions that have unexpected adverse outcomes?

Finally, it is important to acknowledge, as Pliny the Elder stated in 75 AD that “new
diseases, unknown in past years, have come . . . .” Hepatitis C with its unpleasant cargo of
fatigue and depression is perhaps one of the clearest instances of such new diseases.
Unrecognized until sensitive laboratory tests were developed, this disease is currently found
in ~4% of individuals aged 40 years in the United States population, (4) and again, the early
symptoms are invariably ill-defined subjective complaints—a setup for (mis)diagnosing
somatoform diseases.

Getting Beyond the Black Box of Symptom Reporting
The “mischief” comes from relying solely on self-report for symptom verification. Self-
report is at the heart of all medical complaints, but in the absence of physical findings,
understanding the meaning of self-report gets very complicated. Oddly enough, three
developments in contemporary medicine allow a new “window” on self-report. One
involves a refreshingly new way of looking at symptom reporting. Another involves
contemporary neural imaging studies to shed light on self-report of symptoms. A third
applies contemporary insights on neural immune properties as a way of understanding
paradoxical self-report of symptoms. Together, the three approaches amount to a challenge
of the “black box” that has historically characterized symptom reporting, a black box that
has heretofore defied efforts at understanding the psychology and physiology of such
reports.

Arthur Barsky and others asked, “What determines the ‘volume’ level of symptoms, how is
it that some people amplify their symptoms and others de-amplify them?” (5) This is a
felicitous approach in that it carries no implicit assumptions of underlying neuroticism, etc.,
but rather asks the question from a cognitive neural science perspective. Do some
individuals “amplify” their symptoms characteristically or, perhaps, under unusual stressors?
Is that “amplification” neurally driven? Does the amplification reflect the fact that patients
have different explanatory models for understanding the significance of their symptoms?

Oddly enough, two brief case reports involving construction injuries with nails demonstrate
the phenomenon beautifully. In one report (6), Fisher et al. described the case of a builder
who jumped down onto a 7-inch nail, which pierced his boot at the toe level (Figure 1, left
panel). The man was in pain and required intravenous sedation in the emergency room.
However, when the boot was cut away, it turned out that the nail had fortunately passed
between his toes as opposed to its apparent impaling of the foot. The man’s agonizing pain
was elicited solely by his misperception—a case of somatic amplification. On the other
hand, a report in USA Today described a construction worker who had unknowingly shot
himself in the head with a nail gun (Figure 1, right panel) and who was unaware of the
injury. He perceived a toothache and went to a dentist 6 days later, wherein the cause of the
rogue toothache was discovered. In this case, one would conclude that somatic
deamplification was at work. The patient was unaware of the injury and attributed the
sensation to more familiar sources.

Neural imaging studies have taken up the quest for understanding symptom perception. Raij
et al. (7) used functional magnetic resonance imaging to examine how the brain responded
to painful heat laser simulation to the hand versus to the hypnotic suggestion of laser
stimulation. In healthy subjects tested repeatedly, they observed many common neural
patterns of response to the two pain stimuli. The next step was made by Coghill et al., (8)
who contrasted individuals’ neural imaging responses to thermal stimuli. In this case, the

Dimsdale and Dantzer Page 3

Psychosom Med. Author manuscript; available in PMC 2010 July 22.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



stimuli were identical but normal individuals were contrasted in terms of whether they
reported high versus low self-report of pain sensitivity. Individuals with high sensitivity had
increased activation of the anterior cingulate cortex, somatosensory cortex, and prefrontal
cortex but there was no difference in the thalamic response between the high pain sensitivity
and the low pain sensitivity subjects. Sadly, this sort of study has not been made of patients
with somatoform disorders. Do these patients have a different pattern of response to painful
stimuli? If so, what are the implications for etiology and treatment of the symptoms? Most
astute clinicians do not question the authenticity of patients’ complaints of pain. Rather, they
try to understand its origins and direct interventions that help manage the pain. Pain is
inherently subjective. It can be treated with analgesic medication, distraction, hypnosis, etc.,
regardless of whether there is a known focal stimulus for the pain. The case reports of nail
injuries, together with the neural imaging studies, suggest that a helpful focus for future
clinical interventions in patients with somatoform illness must include an analysis of how
their symptoms are perceived, interpreted, and amplified by the brain.

The focus on neutral terms such as somatic amplification as well as the employment of
neural imaging probes may help shed light on the “black box” area of symptom reporting in
somatoform disorders. Other developments in physiology may similarly help expose a
somatopsychic as well as a psychosomatic underpinning of these disorders. One of the most
dramatic areas of knowledge advances has come with our understanding of neural immune
trafficking. Immune factors may underpin subtle perception of pain, fatigue, depression—
what some have called “sickness behavior.”

Insights From the Psychoneuroimmune Perspective
Psychoneuroimmunology studies the interactions between the central nervous system and
the immune system. The field has made major advances in understanding how brain
functions can modulate the activity of the immune system and the discovery (particularly
relevant for this paper) that mediators produced by cells of the immune system exert
profound influences in the brain.

As a typical example, many breast cancer survivors experience persistent fatigue up to 5 to
10 years after diagnosis despite the termination of chemotherapy and radiotherapy. Fatigued
breast cancer survivors display increased inflammatory biomarkers (9). Similar associations
between self-reports of fatigue and inflammatory markers have been reported in patients
with coronary heart disease (10). The co-occurrence of decreasing energy, general malaise,
and minor depression in the weeks that precede a myocardial infection has been termed
“vital exhaustion” (11). High levels of inflammatory biomarkers have been found in
apparently healthy patients who scored high on vital exhaustion (12).

The mechanisms that are responsible for the association between subjective health
complaints and inflammation have been elucidated over the last decade (13,14). Activation
of the innate immune system by pathogen-associated molecular patterns induces the local
production of proinflammatory cytokines. These molecules are responsible for the
development of the local inflammatory response and the systemic response to inflammation.
This acute-phase reaction includes the production of acute-phase proteins by hepatocytes
and the occurrence of fever, which is a regulated metabolic response to pathogens. The fever
is “coordinated” in the anterior preoptic area of the hypothalamus and is triggered by the
action on the brain of proinflammatory cytokines that are released at the periphery.

Proinflammatory cytokines do not need to enter the brain to target the hypothalamus because
the brain is able to form a cellular and molecular representation of the peripheral immune
response (Figure 2). During the course of an inflammatory response, brain innate immune
cells produce proinflammatory cytokines. These cytokines are produced in response either to
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blood-borne pathogen-associated molecular patterns or to circulating proinflammatory
cytokines that are sensed by macrophage-like cells residing in circumventricular organs.
Because circumventricular organs have a deficient blood-brain barrier, they are able to
monitor changes in the composition of the internal milieu. The cytokines that are produced
in the circumventricular organs gradually diffuse into the brain side of the blood-brain
barrier and recruit microglial cells in the brain parenchyma.

Another important pathway of communication from the immune system to the brain is
represented by the afferent nerves that innervate the bodily site in which the inflammation is
taking place. Activation of these afferent nerves promotes the perception of the sensory
components of inflammation (calor or heat and dolor or pain) and the expression of brain
proinflammatory cytokines in response to peripheral inflammatory cytokines. A bilateral
section of the vagus nerves blocks the immune-to-brain transmission of inflammation that
takes place in the abdominal cavity (15,16), whereas the section of the trigeminal nerves
does the same for an oral inflammation (17).

In addition to their role in the genesis of fever, brain proinflammatory cytokines are also
responsible for the subjective and behavioral components of illness, which accounts for why
one feels sick and behaves in a sick way when one is ill. Conversely, sickness symptoms
that develop during the course of a peripheral activation of the innate immune system can be
blocked by administration of various cytokine antagonists in the brain (18).

Studies of the brain effects of cytokines have shown that, although cytokine-induced
sickness behavior is normally reversible on the resolution of the infectious episode, it
persists when the innate immune system is chronically activated and can even culminate in
major depression in vulnerable individuals (19,20). Psychological symptoms of depression
(e.g., anhedonia, depressed mood, irritability) coexist with neurovegetative signs of
depression (e.g., fatigue, reduced appetite) in vulnerable patients whose immune system is
chronically activated. Patients with more depressive symptoms are more likely to become
depressed in response to an activation of the immune system than those who have fewer
such symptoms (21). The same applies to patients whose pituitary-adrenal axis is more
responsive to the immune stimulation (22).

An important aspect of the pathophysiology of immune-to-brain communication is the
existence of a cross-sensitization process between stressors and cytokines. Exposure to
inescapable electric shocks, for instance, sensitized the peripheral and central cytokine
response to lipopolysaccharide in rats (23) for a minimum of 4 days after stress.
Reciprocally, a prior episode of interleukin (IL)-1-induced sickness sensitized the pituitary-
adrenal response to inescapable electric shock up to 2 to 3 weeks after the cytokine
treatment (24). Sensitization can also occur when the same cytokine is administered twice at
an interval of several days or weeks, and it affects both cytokine-sensitive neurotransmitter
metabolism and pituitary-adrenal responsiveness to cyokines (25).

These protracted effects of stressors and cytokines on brain functions likely play an
important role in the pathophysiology of somatic amplification. The clearest demonstration
of the clinical relevance of the sensitizing effects of cytokines is in the field of pain. The
perception of pain is strongly amplified under the effect of proinflammatory mediators
produced by activated glial cells in the spinal cord (26). It is important to note that glial
activation is not restricted to the spinal cord but also occurs in the brain in situations of
chronic inflammation associated, for instance, with progressive neurodegeneration (27),
obesity (28), or aging (28). In these conditions, the brain cytokine system seems to be
sensitized in that it responds to a greater extent to a further activation of the peripheral
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innate immune system, resulting in a more intense cytokine-induced sickness behavior and/
or a delayed recovery from sickness.

The main medical implication of this view is that many somatization symptoms including
depressed mood, fatigue, and pain may represent the expression of a previously sensitized
brain cytokine system that is reactivated by infectious or noninfectious trauma. At the
clinical level, there is not yet consensus as to which biomarkers best relate somatization
symptoms to inflammation. Only peripheral markers of inflammation are currently
available. Circulating levels of acute-phase proteins (e.g., C-reactive protein) provide a gross
index of the inflammatory response that can be refined using plasma levels of cytokines,
such as IL-6 together with its soluble receptor. Because most other cytokines act in a
paracrine/autocrine manner rather than as hormones, the production of cytokines by
stimulated monocytes in culture is a better index of activity of the innate immune system
than circulating levels that only reflect overflow of local cytokines. Because cytokines are
produced by many cell types other than innate immune cells, it can be useful to more
precisely assess the involvement of macrophages in the inflammatory response by
measuring circulating levels of neopterin. Last but not the least, the possible impact of
immune activation on serotoninergic neurotransmission can be studied by measuring the
circulating concentrations of kynurenine, the main metabolite of tryptophan.

At the therapeutic level, treatments that specifically target activation of the brain cytokine
system are not yet available. However, there is already evidence that pharmacological (e.g.,
antidepressants) (29) and nonpharmacological (e.g., aerobic exercise) (30) therapies are able
to attenuate some somatic symptoms by down-regulating inflammation.

CONCLUSION
Although medicine’s goal is always to allay suffering, there is no one universal remedy
other than courtesy and respect and kindness. Specific remedies may be applied only when
an accurate diagnosis has been made. Somatoform disorders are among the hardest disorders
to diagnose and thus to treat. This paper suggests two rather different conclusions. First,
somatoform disorder may be misdiagnosed due to complex factors that lead to
underrecognition of another underlying disorder other than somatoform disorder. Second,
one must study the underlying physiology of symptoms in somatoform disorder in terms of
the cognitive processes involved in recognition of symptoms and the complex physiology of
distress, increasingly recognized as immune in nature, which augments non-specific
symptoms.
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Figure 1.
Symptom perceptions elicited by nails. The left panel exemplifies somatic amplification;
reprinted from Fisher JP, Hassan DT, O’Connor N. Minerva. Br Med J 1995;310:70, with
permission from BMJ Publishing Group Ltd. The right panel exemplifies somatic
deamplification; reprinted with permission from Associated Press, Wide World Photos.
1/16/05.
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Figure 2.
Immune-to-brain communication. Proinflammatory cytokines are produced at the periphery
by innate immune cells in response to pathogen-associated molecular patterns or to danger
signals, such as heat shock proteins released by dying cells. Peripheral proinflammatory
cytokines induced the production of the same proinflammatory cytokines in the brain. The
brain proinflammatory cytokines acting on various brain areas induce nonspecific symptoms
of sickness, such as fatigue, depressed mood, and altered cognition. The production and
action of proinflammatory cytokines are regulated both at the periphery and in the central
nervous system by a number of opposing molecules including anti-inflammatory cytokines,
steroid hormones such as glucocorticoids and neuropeptides such as α-melanotropin (α-
MSH) and vasopressin (AVP).
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TABLE 1

Epistemology: Reconciling Objective Findings With Subjective Complaints

Subjective Complaints
Objective Findings

Present Absent

Present “Ideal” disease Undiagnosed disease somatoform

Absent Occult disease denial or stoicism No disease
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