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As integrated organisms, human beings have several specific information-communicating systems, two of which are the nervous
and the endocrine systems. Although these two systems are considered to be separate entities, they exhibit considerable overlap
and mutuality. Both systems are essential for adaptation to environmental changes and for maintenance of internal homeostasis.
The area of biological research dealing with the interaction between these two systems is referred to as“psychoneuroendocrinology.”In a clinical situation, a problem in one system may result in a derangement in the other, and vice versa. This close interaction tends to make clinical features more complex. In this review, we present some real patient cases, in which the endocrine
and psychiatric conditions influenced each other, and briefly review topics in psychoneuroendocrinology. Finally, we present a
more theoretical approach.
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INTRODUCTION

being is a multicellular organism composed of multiple
organs and multiple systems. Some of these “components”
can work rather independently, as exemplified by the heart,
which can still beat after removal from the body as long
as oxygen and nutrients are supplied. But an organism is
also an integrated entity, and the heart rate of an organism is affected by the general status of the individual in
which the heart resides. To survive as an integrated organism, every component needs to share information,
which is defined as something possessing certain content
that is communicated between participants. By communicating, each participant receives knowledge about what
is happening to the other participants, and sends its own
message about what it wants to share. Using this information, an organism can make decisions about what it will
do at the next moment to ensure survival of the system as
a whole.
Being multicellular means that some cells (systems)
cannot make direct contact with the environment. As a
result, systems that are specialized for the production and
propagation of information about the organism’s internal
and external state have evolved. One of these is the nervous system and the other is the blood-borne, endocrine
system (which may also include the autocrine or paracrine
system). Although these two systems have basically been
considered as separate entities, considerable overlap occurs
between them, and the name “(psycho)neuroendocrine”
system is widely used. At the subcellular level, commu-

Life is an exceptional phenomenon in the universe. One
of the basic principles that govern the material world is
the rule of entropy, which states that any localized system
evolves in the direction of increased randomness.1) Life is
a process in which extremely complex and informationrich molecules such as proteins and nucleic acids are produced from simple molecules such as those of carbon dioxide, water, and minerals. Thus, life operates against the
tide of entropy or randomness, as implicated by the physicist Erwin Schroedinger. The concept opposite to randomness is information. Information enables its recipient
to decide in a nonrandom, informed (Latin: into-shape)
manner, and for an organism to survive in an unstable or
continuously varying environment, situation-tailored responses are far superior to random ones. Thus, specific
information-communicating systems are essential to evolutionary processes.
During the process of evolution, complex organisms
including human beings emerged on the earth. A human
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nication systems exist between the molecules, which are
called intracellular signal transduction systems. The task
of cells thus situated is to make adequate cellular decisions
in response to extracellular challenges.
The endocrine system has sensing modules that can detect changes in the internal environment, and respond by
releasing signal molecules (hormones) into the blood
stream, which is a nonspecific mass-transportation vehicle.
Hormones circulate until appropriate responding modules
are encountered, and the responding modules make responses to the circulating hormone regardless of where it came
from. These responding modules have executive functions,
performing various tasks to offset the initial environmental
changes. Some of these sensing modules reside in the
brain. Thus, an anatomical overlap exists between the endocrine and neural systems. In many systems, intervening
hormones cause the regulatory behavior of the system is
become quite complex. The basic function of endocrine
systems is to maintain bodily homeostasis, which is the
process of keeping certain biological parameters constant
regardless of externally and internally generated perturbations. Basically, it is a feedback system. Some homeostatic
parameters will not maintain a constant level across time,
but instead will show a varying pattern. However, the variation is not random but has regular cyclicity. This cycle
may be one day (circadian) or longer, such as menstrual
cycles. However, this variability itself includes regularity
of variation, and so can be considered as a kind of homeostasis.
In the central nervous system (CNS), communication is
much more specific and complex. Neural signals travel
along predetermined axonal tracts and are only released
near the destination sites, thus creating a high spatial specificity of signaling. Sensing modules (part of the sensory
system) detect the more complex signals and a high-level
cognitive interpretation is sometimes required to perceive
their meaning. The responding modules generate complex
coping behaviors in accordance with physiological or environmental demands. Thus, in a wider sense, the CNS also
serves in achieving homeostasis. For example, if an acute
negative energy balance (such as starvation) occurs, the
CNS causes the animal to feel hunger and carry out foraging and food consumption behaviors. Of course, many
more functions are served by the CNS than the maintenance of the homeostasis through programmed instinctual
behaviors. Feeding behavior is complex and dependent
upon the circumstances of the organism. Thus, the homeostatic behaviors must be flexible ones. In some cases, the
CNS makes organisms behave even against the homeostatic needs. For example, fear causes a hungry animal to
withhold feeding behavior in order to fight or flee. Al-

though this behavior works against homeostasis in the
short term, it ultimately serves to increase the probability
of survival. Some “anti-homeostasis” CNS solutions are
considered to be pathologic behaviors. One such behavior
is substance dependence, in which individuals are highly
motivated to continuously use specific substances to the
point of physiological derangement. Thus, the CNS specializes in more complex adaptive functions and flexibility,
which may become deranged in some psychiatric or behavioral disorders.
In the intracellular signaling system, microscopic sensing modules and executor modules also exist. Receptors
transmit information about the external and internal status
of the cell, which is transmitted via second messenger
systems. Finally, the activity of kinases or the gene expression profile is regulated, which results in a phenotype
change of the cells, the final response of a cell to an environmental challenge. Interestingly, the intracellular signal
transduction systems share many common pathways between the neural and endocrine systems, which may suggest
a common functional origin of the communication devices.
Among the various brain structures, the hypothalamus is
known to serve as a major link between the nervous and
endocrine systems.2,3) The hypothalamus contains the control centers for vegetative functions, which are regulated by
homeostasis. Thus, homeostasis-related signals converge
in the hypothalamus. Major output pathways from the hypothalamus reach the pituitary gland, thus allowing the
hypothalamus to convert neural signals into endocrine
signals. Meanwhile, the motor behaviors influenced by
hypothalamic centers, such as eating or drinking, are homeostasis-regaining behaviors. Thus, the neural and endocrine systems cooperate for homeostatic regulation and are
both under the command of the hypothalamus. Within the
hypothalamus, neurotransmitters and hormones cannot be
clearly discriminated. For example, posterior pituitary hormones are secreted as neurotransmitters from the hypothalamic neuronal axon terminal; however, these peptides
enter into blood stream and exert their effects on remote
organs such as the kidneys or the uterus.
Although the majority of endocrine disorders are considered to be in the realm of internal medicine, while those
of the CNS belong to psychiatry, considerable overlap
exists between the two. Investigation pertaining to this
area is called psychoneuroendocrinology. These converging properties have some important implications for both
psychiatry and endocrinology. Some endocrinologic diseases have accompanying psychiatric manifestations, and
conversely, some psychiatric disturbances can disturb the
function of the endocrine system. Many psychotropic drugs,
which operate by acting on the neurotransmitter receptors
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or downstream signaling system, also affect the endocrine
system. Conversely, some endocrine states (endogenous
or exogenous hormones) have CNS or behavioral effects.
In some cases, it is difficult to determine whether a behavioral or physiological change is emanating from a disturbance of the endocrine system or from an abnormality in
brain function. In this review, we present some real patient
cases in which the endocrine and psychiatric conditions
affect each other, and briefly review psychoneuroendocrine
topics. Finally, we present a more theoretical approach.

CASES IN WHICH PSYCHIATRIC AND
ENDOCRINE CONDITIONS INTERACT
Case 1
This 30-year-old female patient was admitted to the
psychiatric ward via the emergency room. The problem was irritable and disorganized behavior. The
onset of abnormal behavior was about 1 week after
her first childbirth, which dated 2 weeks before the
admission. Before this incident, she had never been
treated for the psychiatric disorders. She was well
during whole pregnancy, and until just after the parturition. A full-blown manic episode developed in a
week. She was treated with valproate and atypical
antipsychotics, just like ordinary bipolar manic episode, and her episode was remitted uneventfully.
In this case, the cause of the sudden manic episode may
be presumed to be her childbirth. Postpartum mood disturbances can be caused either by psychosocial stressors or
by biological factors. The former includes worry about
child rearing, changes in the relationships between key
persons around the mother, and so on. The latter includes
a drastic drop in estrogen level induced by the expulsion
of the baby and placenta. Estrogens have potent moodregulating effects.4) It is believed that bipolar disorder is
“biological” and is not induced by transient psychosocial
stressors alone. This patient showed typical manic symptoms, and this episode was remitted by the typical treatment modality. So, we could tentatively conclude that
physical changes after parturition, in particular the drastic
change in hormone level, contributed to or precipitated the
onset of her first manic episode. This example demonstrates that a change in the endocrine parameter can induce a
primary psychiatric disorder. Similarly, hormonal derangement such as hyperthyroidism can induce various psychiatric symptoms. In this latter case, however, the psychiatric
condition is considered to be a secondary reaction to a
primary somatic disease, and is not classified as a primary
psychiatric disorder under the current DSM or ICD classi-

fication systems.
Case 2
This 25-year-old male patient visited the psychiatric
OPD complaining about frequent and transient losses of consciousness, especially in the mornings. He
visited the department of neurology and was tested
for convulsive disorder, with normal results in the electroenceplalogram. No accompanying symptoms such
as tongue biting or urinary incontinence were observed. So he was sent to the psychiatric department,
with suspected conversion disorder. However, when an
anticonvulsant drug was experimentally prescribed,
it proved effective. Moreover, some associated features, such as the time of seizures being early morning
when he was alone (the convulsions were initially discovered by a family member who heard the sounds he
was making in his bedroom), and because he had no
memory of the convulsions at all, suggested other
possibilities. What he remembered was anxiety and
cold sweat, which suggested hypoglycemic incidences
after overnight fasting. So the patient was admitted.
When the glucose solution was infused during the
night, the seizure was skipped next morning, and the
workup finally revealed hyperinsulinemia with pancreatic mass. The patient was transferred to the
surgical department, and his psychiatric condition
disappeared following the surgery.
In this patient, a hypoglycemic state induced by an insulin-secreting tumor resulted in abnormal behavior resembling a psychiatric disorder. Careful attention revealed
that the abnormal behavior was not the result of a psychiatric condition (conversion) but of the seizure itself.
Moreover, the cause of seizure was demonstrated to be an
endocrine disease.
Case 3
This 30-year-old female patient has been treated
over a long period in the department of psychiatry for
various behavioral problems, including abnormal concern about bodily health and eccentric eating behavior.
She had been diagnosed with Turner syndrome (45
XO chromosomal disorder) in her adolescence and
gonadal hormone replacement had been maintained
since then. She also allegedly had diabetes mellitus.
Some bizarre eating habits were related to her belief
that she had DM. She was admitted because she could
not control the amount of water she was drinking. She
drank more than 5 L of tap water per day, and also
had polyuria. This polyuria-polydipsia condition nee-
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ded to be clarified (it was not related to hyperglycemia). The primary point of differentiation was whether
she had an endocrine disorder (diabetes inspidus) or
a “psychogenic” polydipsia. It was noticeable that she
had Turner syndrome with endocrine defect (although
Turner syndrome per se is not related to vasopressin)
while she had a behavioral disturbance with highly
skewed eating, and perhaps also drinking, habits. Serum osmolarity and electrolyte level were somewhat
low but within a normal range. Water restriction was
carried out, revealing that the cause was primary
polydipsia. She then received cognitive behavioral
therapy for the water consumption, and was medicated experimentally with naltrexone, to decrease the
urge to drink water.
In this case, a behavioral problem could be easily defined, although the cause of this abnormal behavior could
have been either an endocrine or a psychiatric one. Fortunately in this patient, a test was available that could
efficiently discriminate between the two conditions; the
cause was successfully elucidated and an adequate intervention was possible.
Case 4
This 45-year-old female patient visited the psychiatric OPD complaining of anxiety, agitation, and
depressive mood. She had not yet reached her climacteric stage and had regular menstrual periods.
Treatment with SSRI resulted in incomplete response.
She was given a small dose of sulpiride (200 mg/d)
supplementarily. Thereafter she got amenorrhea. Her
prolactin level was checked and was >200 ng/ml.
Although her pretreatment prolactin level had not
been checked, her periods had been regular before
the treatment. Sulpiride was discontinued, but her
menstruation did not begin again until months later.
Her elevated prolactin level was also maintained. A
sellar examination was carried out and a pituitary
adenoma was found. The patient was treated with
bromocriptine at the department of endocrinology.
In this case, a psychotropic drug elicited endocrine abnormalities. Elevated prolactin levels with amenorrhea
after a D2 receptor-blocking drug was quite expectable. A
long-term blockade of D2 receptor signaling can theoretically induce lactotrope hyperactivity or proliferation in
anterior pituitary (see section III-5-2). However, it is not
certain whether it caused the development of the pituitary
adenoma in this patient. It seems unlikely that a slowgrowing tumor such as a pituitary adenoma would develop

within a few months following drug treatment. However,
at least the challenge with the D2-receptor blocking agent
provided an opportunity to search for the hidden endocrine
tumor.

GENERAL REVIEW OF ENDOCRINE-RELATED
CONDITIONS SEEN IN PSYCHIATRIC PRACTICE
The above-mentioned cases demonstrate rather infrequent examples of psychiatric conditions that are closely
related to endocrine problems. The kinds of relationships
are various. Some endocrine disorders or conditions may
be etiologically related to a primary psychiatric disorder
(as in case 1). Conversely, some psychiatric disorders may
be etiologically related to a primary endocrine disorder. A
well-known example is Franz Alexander’s proposal that
Graves’ disease is a psychosomatic disorder.5) Other endocrine disorders may have somatic symptoms that are not
readily distinguishable from primary psychiatric disorders
(case 2). Sometimes it is not certain whether a disease
condition is induced by a psychiatric disorder or an endocrine disturbance (case 3). In another case, endocrine
(hormonal) treatment can induce psychiatric symptoms
(as in the mood disorder of corticosteroid therapy) or
vice versa (case 4). The CNS and endocrine systems are
both designed for intercellular communications, and cross
talk between the two systems may result in these phenomena. In this section, we discuss more specific issues
relating to neural and endocrine interaction.
Neuroendocrine Tests in Major Depression
Neuroendocrine markers of depression include a failure
to suppress plasma cortisol secretion in the dexamethasone
suppression test (DST), diminished thyrotrophin (TSH)
response to thyrotrophin releasing hormone (TRH stimulation test), and blunted growth hormone response to a
variety of stimulating agents such as d-amphetamine, methylamphetamine, clonidine, L-dopa, and insulin (growth
hormone test).6) Most of these hormone signaling cascades
converge in the hypothalamus-the anterior pituitary system.
This system is a good example of the interface between
the neural and endocrine systems. So, by challenging the
endocrine system one could theoretically probe the brain
or mental functions, especially those controlled by the hypothalamus, such as vegetative and mood-related functions.
Although interest in neuroendocrine tests has diminished in
recent years, hope once existed that they would become
sensitive and specific diagnostic tests for use in clinical
psychiatry or that they would shed light on the pathophysiology of mood disorders. However, none have yet confirmed their clinical utility, and at present they remain
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purely research tools.
Dexamethasone Suppression Test
The use of a neuroendocrine test as a marker for depression was first reported in the mid-1970s. Non-suppression
of cortisol after dexamethasome challenge was proposed
as being a confident marker for “endogenous” depression.7
However, in most studies its sensitivity was only around
50%, which may suggest the pathophysiologic heterogeneity of endogenous depression. Thus, the possibility of
classifying unipolar depressive illness according to neuroendocrine abnormality (DST suppression vs. non-suppression) was proposed.8) DST non-suppression seemed to be
specific to depression, since the test-positive was not
frequent in schizophrenia, neurosis, alcoholism, and drug
abuse.9) These findings also suggested that a neuroendocrine abnormality of the hypothalamic-pituitary-adrenal
(HPA) system is etiologically or pathophysiologically linked to a certain type of major depression. Corticosteroid
hormone is a representative mediator of stress reaction, and
stress is traditionally considered to be an etiologic factor
of depression. In the case of “endogenous” depression,
which is not necessarily a result of stressful events, the
etiology of HPA axis hyperactivation might not be related
to stress, but rather to a genetic vulnerability of the individual. However, the result of HPA hyperactivation is manifested as depression, as well as DST non-suppression. In
this aspect, the rationale of DST is related to a core hypothesis about the pathophysiological process of depressive
disorder, not simply to a marker of disease.
TRH Stimulation Test
Next came the TRH stimulation test, which examines
whether the pituitary thyrotrope response to TRH is intact.
A blunted TSH response to TRH challenge in depressive
disorder was first reported in late 1970s. A test-positive
was observed for various stages of bipolar disorder and
for “endogenous” depression, while reactive or neurotic
depression showed test-negative. This abnormality is
thought to be state-dependent.10) Depressed patients who
revealed blunted TSH responses also had blunted prolactin
responses to TRH and these patients may represent a
psychobiologically distinct subgroup of endogenously depressed patients.11) However, its relevance to the pathophysiology of depression was less apparent than that of DST
non-suppression. A blunted TSH response might suggest
reduced activity of the hypothalamus-pituitary-thyroid
(HPT) axis, and mental symptoms of hypothyroidism include those of depressive disorder. However, in most depressive patients, hypothyroidism is not found. Although
the endocrinologic “euthyroid” state in these patients might

not signify a “euthyroid” state of the brain and thyroid
hormone augmentation can be used in some euthyroid
depressive patients, blunted TSH to TRH stimulation serves as a marker for some disturbance in neuroendocrine
regulation, not an event pathophysiologically related to
major depression. Thus, the TRH stimulation test is thought to operate by indirectly “marking” CNS limbic system
dysfunction, as a surrogate marker. In the case of GH
stimulation tests, the same rationale might be applied. In
major depression, GH response to a various GH-stimulating agents is also blunted.
To increase the sensitivity and specificity of the neuroendocrine tests, combined use of challenge tests was
attempted with some initial successful results. These include TRH and GnRH stimulation, the insulin tolerance
test (ITT), and overnight DST. Adjustment of a diagnostic “threshold” (the number of “test-positive” is required
for diagnosis) can affect the sensitivity and specificity
of the diagnostic power. However, no consistent patterns
of abnormality of hormonal response were observed,12,13)
suggesting that the relationship between depression and
multiple endocrine systems are not so straightforward.
Neuroendocrine tests for the other psychiatric disorders
(e.g., panic disorder, PTSD) were also developed upon
those for major depressive disorders, but no breakthrough
has yet been presented.
Thyroid Hormone and Psychiatric Symptoms
Dysregulation of the thyroid hormone system has detrimental effects on both physical and mental activities. Thyroid hormone is a “general purpose” metabolic signal and
regulates basal metabolic rate. Hence, hyperthyroidism is
related to hypercatabolic states and hypothyroidism is related to a decreased vital energy. During the intrauterine
period, thyroid hormone is essential for normal brain development. Hence, intrauterine deficit of thyroid hormone
results in permanent brain damage with mental retardation
(cretinism).
Psychiatric Manifestations of Hypothyroidism
The symptoms of thyroid hormone deficiency are basically due to a reduced energy metabolism or catabolic
activity. These include cold intolerance, myxedema (deposition of hyaluronic acid in the subcutaneous tissue),
and dry and rough skin. Body weight increases because
energy expenditure is reduced and metabolic products are
not properly catabolized. Much vegetative activity is slowed or reduced. Bradycardia (slow heart) and constipation (slow bowel activity) ensue. General slowing appears
in the patient’s mental as well as physical activities. In
addition, easy fatigability, reduced concentration ability,
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and other symptoms that are frequently encountered in a
depressive state, occur. A phenomenal similarity between
a hypothyroid state and depression is apparent; thyroid
hormone deficiency results in a general reduction in somatic and mental energy and the symptoms of depression
also includes a reduction in mental energy. This may be
a rationale for thyroid hormone augmentation for intractable depression, even in the euthyroid state. Indeed, the
euthyroid state defined by the thyroid function test (TSH,
T3, total T4, and free T4) may indicate an adequate level
only for somatic energy metabolism, and not for mental
energy. In severe cases of hypothyroidism, consciousness
can be reduced (“myxedema madness”). This is due to
extreme reduction of energy, and thus a reduced level of
consciousness, which results in delirious state that is often
misinterpreted as psychosis or “madness.” A more severe
case would result in a coma.
Psychiatric Manifestations of Hyperthyroidism
Hyperthyroidism results in a hypercatabloic state,
whereby the body is overheated. Graves’ disease is an
autoimmune disorder involving a thyroid-stimulating autoantibody. Interestingly, Graves’ disease is traditionally
considered to be a psychosomatic disorder,14) which implies that psychic stress can affect the endocrine system.
Symptoms of hyperthyroidism include hypermetabolism,
heat intolerance, warm skin, hyperactive heart (sympathetic hyperactivity), weight loss, and muscle weakness. This
hypercatabolic state is a kind of “readiness” for vigorous
activity, which includes the “fight or flight” situation.
Thyroid hormone has a permissive role, enabling the sympathetic system to act.15) Actually, sympathetic hyperactivation is induced by a hyperthyroid state, and the
sympathetic system is one designed for fight or flight. The
emotive components of a fight or flight situation are aggression, fear, or anxiety. Thus, psychiatric symptoms of
hyperthyroidism (irritability, rapid speech, anger, emotional lability, nervousness, anxiety, panic-like, insomnia)
are summarized as hyperactivity and an anxiety state.
These symptoms can be mistakenly diagnosed as some
kind of primary anxiety disorder. Thus, for a diagnosis
of anxiety disorder, hyperthyroidism should be ruled out.
Some hyperthyroid patients (10%) show prominent hyperactivity, giving an impression of mania or a psychotic
state. Like severe hypothyroidism, severe hyperthyroid
states can induce delirium, especially during thyrotoxic
storms.
Lithium-Induced Subclinical Hypothyroidism and Thyroid Augmentation of Mood Disorder
Lithium affects the functions of the thyroid.16) Thyroid

hormone itself can affect the mood state; hypothyroidism
in particular can induce a depressive state and this depressive state may itself be a target for treatment using lithium.
Therefore, it is routine practice to regularly administer a
thyroid function test to patients maintained on lithium.
Basically, a kind of reciprocal action is at work in this
situation, that is, the “non-psychotropic” effect of the psychotropic drug affects the endocrine state, and then the
altered endocrine state affects the original psychiatric condition. Lithium-induced hypothyroidism with depressed
mood may pose a paradoxical situation, and in the case of
lithium-nonresponsive bipolar depression, a hypothyroid
state should be ruled out. However, frank hypothyroidism
with decreased T3 or free T4 level is not very common in
lithium users. Slightly elevated TSH level without other
abnormalities is more frequent.16)
Elevated TSH level is the most sensitive index of underlying hypothyroidism.17) Some debate exists, however,
over how best to treat this subclinical hypothyroidism in
mood disorders in general. It was demonstrated that in
the euthyroid major depressive or bipolar patient, thyroid
hormone can be helpful when antidepressant response is
not satisfactory.18-20) If these patients were sent to the
endocrinologist for consultation, they would be returned
without specific treatment on the thyroid function because
they have a “normal” range of thyroid function. However,
we suspect that these patients may actually suffer from
thyroid hormone deficiency, which in the earliest stage,
affects only mental function without any disturbance in
somatic functions. Of the two forms of thyroid hormone
preparation available, more successful trials have been
carried out with T3. Although T4 is the precursor of T3
in vivo, some alternative metabolic pathway may exist
for T4.
Adrenocorticosteroid and Psychiatric Conditions
Corticosteroids have profound effects on cellular activity
and metabolism, and can directly control cellular transcriptional activity. Corticosteroid receptors are abundant in
limbic regions such as the hippocampus and the amygdala, and excessive corticosteroids can be cytotoxic to the
hippocampus.21) A stress-mediated chronic hypercortisolemic state is supposed to be depressogenic due to its toxic
effect on the hippocampus. The involvement of the HPA
system in depression is suggested by DST abnormality, as
stated earlier. Some etiological significance is also assigned. However, the relationship between the status of the
HPA axis and mood disorder is not simple. Although depression is related to hyperactivity of the HPA axis (DST
non-suppression), both hyper- and hypocortisolemic states
are related to depression, and in some cases of the hyper-
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corticosteroid state, manic symptoms can be elicited.22)
Hypocortisolism and Depression
Corticosteroids are stress hormones that prepare an individual for stressful environmental demands. Thus, in a
hypocortisolemic state, a stressful situation may not be
tolerated by an individual. As for physiological symptoms,
weakness, fatigue, loss of appetite, weight loss, dizziness,
nausea, diarrhea, and abdominal-muscular-joint pain occur.
The psychiatric syndrome showing these symptoms is of
course depression. Since cortisol exerts a negative feedback on adrenocorticotrophic hormone (ACTH), primary
adrenal failure (i.e., Addison’s disease) induces an excess of ACTH. ACTH is a proopiomelanocortin (POMC)
derivative having melanocyte stimulating hormone (MSH)
properties, and many patients with Addison’s disease also
have pigmentation on skin creases and mucous membranes, signs that can help the diagnosis. In severe cortisol
deficiency states along with mineralocorticoid, electrolyte
imbalance with hyperkalemia ensues, which may induce
mental symptoms such as lethargy, clouding of consciousness, and other systemic symptoms.
Hypercortisolism and Psychiatric Disorders
Glucocorticoids can be both anabolic and catabolic;
they prepare the individual for an immediate stress reaction as well as saving energy for future use. Physical symptoms of hypercortisolism include truncal fat deposition,
thinning of skin (bruising, striae), bone mineral loss,
reduced lymphocyte, weakness, glucose intolerance, hypertension, and hyperphagia. This state is hypercatabolic
and even muscle or bone tissue are mobilized, but fat deposition may be a sign of anabolic activity. A multitude
of psychiatric symptoms of a hyperadrenal state also exist.
Both depressive and/or manic symptoms are possible. With
a high dose of exogenous steroids, confused or psychotic states can be also induced. Furthermore, memory and
attention disturbances, slow thought, irritability, panic,
fatigue, reduced sexual drive, increased appetite, and insomnia can occur when adrenocorticoid hormone is in
excess.
The Regulation of CRF and Stress Response
The difference between an exogenous steroid and an
endogenous steroid (stress reaction) is whether the upstream of the HPA axis (corticotropin releasing factor;
CRF and ACTH) is activated or suppressed. Previously,
these peptides were known to function as regulators of
corticosteroids only. However, recent studies have discovered that CRF per se may have psychotropic activity, and
some stress reaction is directly mediated by CRF signa-

ling rather than being mediated by cortisol.23) It was suggested that hyperactivity of the HPA axis in depression
originates from a hypothalamic CRF level while in Cushing’s disease the uppermost level is ACTH.24) Since then
a <stress-hypothalamic CRF-pituitary ACTH-hypercortisolemia> sequence was proposed for depression. In this
scheme, a hypercortisolemic state may not be a cause but
a result of depression. Although stress is a stimulating
factor for CRF secretion, exogenously given CRF can itself
induce behavioral responses reminiscent of depression or
stress-related behavior. These include reduced feeding,
sexual behavior, sleep, and locomotor abnormality.25) The
differences between exogenous steroid and stress-induced
hypercortisolemia26) may lie on the fact that the former
induces a hypo-CRF state while the latter induces a hyper-CRF state. CRF antagonism has been proposed as an
action mechanism of antidepressants.27)
Corticosteroid-Induced Acute Mental Changes vs. CNS Lupus
Corticosteroids are widely used as anti-inflammatory,
immunosuppressants, and anti-leukemic agents. It is wellknown that the HPA axis is related to mood regulation,
and both hypercortisolemia and hypocortisolemia can induce psychiatric conditions. However, higher levels of
corticosteroids, usually observed during steroid pulse therapy for autoimmune disorders such as systemic lupus
erythematosus (SLE), can induce mental symptoms other
than mood elevation/depression.28,29) In the general hospital
setting, psychiatric consultations for mental alteration in
these patients are not rare. SLE, a multisystemic autoimmune disease, produces an inflammatory response in the
small vessels and thus affects any organ, including the
brain. A hypercoagulable state in the blood also contributes to vascular complications. Psychosis is one of the
cardinal symptoms of SLE.30) Psychiatric disturbances requiring urgent treatment usually take place at the stage
when an acute exacerbation of SLE pathology occurs and
high-dose corticosteroid is being administered.31) Therefore, while clinicians should decide whether this condition
is disease-related or treatment-related, no reliable indicator that can discriminate the two exists.
Although it is generally accepted that depression is common in SLE, results of recent investigations indicate that
depression is no more common in SLE than in other systemic disorders with comparable disability,29,32) suggesting
that the pathophysiologic process of SLE per se is not
related to depression. Although “psychosis” is proposed
on the list of major SLE symptoms, what psychiatrists
actually see in the consultation situation is not schizophrenia-like psychosis, but an acutely elated or confusional
state with loss of behavioral self-control.33) The limited
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data available on the steroid effect of psychiatric disorders
suggest that symptoms of hypomania, mania, depression,
and psychosis are common during therapy. Symptoms
appear to be dose-dependent and generally begin during
the first few weeks of treatment.34) With a 60 mg/day dose
of prednisolone, the incidence of steroid induced psychiatric disturbance is estimated to be up to 18%. History
of previous psychosis is not related to steroid psychosis.
If the steroid is withdrawn, resolution usually occurs within 10 days, although it should be remembered that a
rapid withdrawal of steroid is not recommended. If steroid tapering is not possible, atypical antipsychotics or
mood stabilizers should be administered.33)
Gonad-Stimulating Hormones and Sex Steroids
Amenorrhea in Anorexia Nervosa (AN)
The diagnostic criteria for anorexia nervosa include
amenorrhea, a result of endocrine disturbance. Strong evidence has been provided of hypothalamic dysfunction in
AN, although it is reversible and improves upon weight
gain. These include decreased FSH and LH levels along
with a blunted response to GnRH.35) Activation of the HPA
axis or suppression of the HPT axis can disrupt the hypothalamic-pituitary-gonad (HPG) axis,36) which may explain stress-induced decreases in libido or reproductive
dysfunctions such as amenorrhea.
Postpartum Depression
Postpartum depression is thought to be related a drastic change in estrogen and progesterone postpartum. This
situation has been experimentally simulated. Subjects with
previous histories of postpartum depression showed depressive symptoms after withdrawal from a supraphysiologic dose of gonadal steroid.37) However, reduced GnRH
signaling itself can induce a depressive state without previous exposure to supraphysiologic levels of sex hormone.
Indeed, the role of gonadal hormone in mood regulation
is well-known, and in postmenopausal women, depressive
symptoms can be alleviated by estrogen replacement therapy. Leuprolide, a GnRH agonist that functions as an
antagonist upon chronic use, can induce depression in
susceptible populations of both males and females.38,39)
Libido
Hypogonadism or decreased sex hormones are related
to decreased libido. In the case of pathologically increased libido, as found, for example, in repeat sexual offenders, drug-induced hypogonadism is considered a suitable
treatment.40,41)

Premenstrual Dysphoric Disorder (PMDD)
PMDD is a late-luteal dysphoric state and is a good
example of mood regulation by sex steroid in some susceptible individuals. Although lifestyle management such
as stress management, diet, and exercise are first-line
treatments, antidepressants may be helpful, and direct
management of steroid status such as leuprolide may ameliorate physical symptoms.42,43)
Other Hypothalamic-Anterior Pituitary Hormones
Growth Hormone
Growth hormone (GH) is representative of anabolic
hormones. GH is an anterior pituitary hormone regulated
by hypothalamic GHRH. GH response is mediated by a
secondary signal IGF-1. Tuberoinfundibular dopamine
may enhance GH release from the pituitary gland.44) Thus,
dopamine inhibition using antipsychotic drugs may reduce
GH secretion, but its behavioral effect has not been well
established. Although intrauterine deficits of GH result
in mental retardation, direct psychotropic effects of GH
in adulthood are not well understood. However, GH deficiency or excess are expressed as dwarfism, gigantism, or
acromegaly, conditions that affect the general appearance
of the affected individual, and may work as a psychosocial
stressor. Furthermore, because acromegaly induces an increase in soft tissue, it may elicit obstructive sleep apnea.
Prolactin
Another anterior pituitary hormone is prolactin, the functions of which are breast tissue proliferation and postpartum milk production.45) Its function is to make the mother
nurse her newborn, and it also inhibits ovulation, thus
preventing the production of further offspring before the
newborn is sufficiently nursed. Prolactin is also produced
in males, but its function in males is not known. The secretion of prolactin is tonically inhibited by dopamine via
the tuberoinfundibular pathway, a response mainly mediated by D2 type receptors.46) Many antipsychotics block
this dopamine receptor and hence enhance the secretion
of prolactin. Hyperprolactinemia induces amenorrhea or
irregular menstruation and even galactorrhea in reproductive-age female patients. In male patients, gynecomastia
may develop.47) These are embarrassing experiences for
the patients, and many of them do not spontaneously report
these adverse events if not asked. Another effect of prolactin is reduced sexual drive and osteoporosis.47) Increased
tumorogenesis of breast tissue is also possible. So in antipsychotic users, prolactin levels should be checked periodically, especially those using risperidone or amisulpride
among the atypical antipsychotics.48) Drug-induced hyper-
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prolactinemia is reversible and discontinuation of the
offending drug will resolve the problems within a few
months. In our experience, simple reduction in the dosage
does not work well. Some susceptible subjects may experience extreme elevation of prolactin levels even with
substantially low doses of antipsychotics. As in case 4
above, a hidden pituitary tumor may be suspected in cases
of persistent elevation of prolactin even after drug discontinuation. If particular antipsychotics need to be used
despite elevated prolactin, bromocriptine or more recently
cabergoline treatment has been suggested for alleviation
of this condition, without aggravating the psychiatric conditions.48,49) However, switching to another class of antipsychotic would be a more practical strategy.
Others
Posterior Pituitary Hormones
Vasopressin and oxytocin seem to be involved in the
process of memory formation and attachment behavior in
rodent models,50,51) but their relevance to human attachment
behavior is not certain.52) Oxytocin, but not vasopressin,
levels are increased during neuroleptic treatment.50) Some
psychiatric patients have polydipsia or water intoxication
as in case 3 above. A dipsogenic effect of antipsychotics
has been suggested in some instances.53) However, the
cause-effect relationship and its relationship to the posterior pituitary hormone are not yet agreed upon.
Psychotropics and Metabolic Syndrome
Currently antipsychotics-induced metabolic syndrome
is a topical issue in psychopharmacology.54,55) Atypical
antipsychotics have been widely used, not only for the
treatment of schizophrenia, but also for the management
of various psychiatric disorders. This expansion of indication has stemmed from the belief that atypical antipsychotics are far safer than conventional antipsychotics.
While this may be true in terms of extrapyramidal side
effects, more than 10 years of atypical antipsychotics have
taught us that they also have critical defects. They can
induce weight gain, a poor lipid profile, and even diabetes mellitus with fatal diabetic ketoacidosis (DKA).56)
Many explanations have been proposed in relation to the
receptor-mediated action.57,58) For example, histamine H1
and serotonergic blockade by these drugs can increase the
appetite of the subject. Eating behavior is under hypothalamic control, which is the interface between the neural
and endocrine systems. However, the mechanism of druginduced metabolic syndrome is not yet established, and it
is plausible that the drugs affect metabolism-related endocrine signals more directly at the intracellular level. Con-

siderable similarities exist in the signaling mechanisms
between neuronal and endocrine cells. Indeed, even though
their cell surface receptors and fitting ligands are different,
the intracellular signal transduction system is common to
all cells. Some chemicals or drugs that interact with these
intracellular molecules can affect both systems simultaneously. For example, psychotropic drugs such as lithium
or valproate inhibit the activity of glycogen synthase kinase-3 (GSK-3) in the brain.59) GSK-3 is one of the key
signal regulators in neurons,60) but as the name suggests,
it is also an important enzyme in glucose metabolism.
Decreased GSK-3 activity in the brain may be involved
in the amelioration of manic symptoms (although the mechanism is not certain), but in the muscles and liver, it
induces increased activity of glycogen synthase, which
results in glycogen deposit and lowered blood sugar,61)
resulting in an increased demand for glucose. Atypical
antipsychotics such as clozapine also inhibit GSK-3.62)

A MORE THEORETICAL PERSPECTIVE:
MUTUAL “OUTSOURCING”
Endocrine systems are intimately related to the central
nervous system. Both systems are basically designed to
enable communication between organs or cells, and the
neuroendocrine system may be a specialized communication device between the neural and endocrine systems.
Many of the intracellular components are common to both,
such as neurotrophin (neural) signaling and insulin (endocrine) signaling.63,64) Some peptide neuromodulators are
initially found as gut hormones, for example, cholecystokinin. These relationships enable mutual “outsourcing”
for the maintenance of homeostasis.
When external demand requires the recruitment of bodily resources, this command is first processed by the
neural system, the brain. By definition, these events are
the stress. However, resources other than behavioral ones
must be recruited to cope with the stress. So a kind of
outsourcing to the endocrine system occurs. Corticosteroid
released from the adrenal cortex changes the internal status of body in preparation for fight or flight reactions,
along with sympathetic neural and adrenal medullar activation. Thus, for the stress-coping system to work properly, intimate interaction is required between the neural
and endocrine systems. Failure to create an adequate level
of endocrine response may result in psychiatric disorders
such as depression induced by stress.
Conversely, when internal homeostasis such as blood
glucose level is disturbed, the endocrine system works to
monitor this disturbance and cause the body organs to
perform compensatory work to recover from the distur-
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bed state (such as increased glycogenolysis in the liver).
However, when the problem cannot be solved without the
recruitment of extra resources from the environment, the
signal is transmitted to the CNS, causing the subject to
perform the appropriate motor behaviors to attain the needed resource. Thus, in order to maintain the homeostasis,
the endocrine system adopts outsourcing to the neural system. This kind of outsourcing is also the strategy of the
neural system.
This mutual outsourcing denotes an intimate interaction
between the two systems. Thus, for proper treatment of
psychiatric disorders, knowledge of the endocrine system
is critical. Traditionally, psychiatrists are somewhat ignorant of physical problems including those relating to endocrine problems, and endocrinologists are ignorant about
the psychiatric effects of endocrine diseases. The area of
psychoneuroendocrinology is by no means a new one.
Adequate attention to psychoneuroendocrinological issues
will help clinicians gain a more accurate and holistic understanding of patients and will thus increase the chances
of providing the most appropriate treatment. Moreover,
the studies on neural-endocrine interaction will enhance
our knowledge of the basic neurosciences.
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