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ABSTRACT:Glucocorticoids are widely used in modern medicine for the treatment of a variety of inflammatory diseases.
However, the side effects of glucocorticoid treatment often include neuropsychiatric illnesses. This systematic literature review
gives a brief introduction to glucocorticoids, their functions, and possible mechanisms of how they lead to psychiatric side eftects.
After a review of the literature, it can be concluded that patients, as well as physicians prescribing glucocorticoids, should be
aware of the potential side effects of glucocorticoid therapy, the means of adverse effect prevention, and efficacious treatments of
psychiatric adverse effects. The first line of treatment is dose reduction or stopping the drug. The corticosteroid-induced mania can
typically be treated with antipsychotics or mood stabilizers like haloperidol, olanzapine, valproate, lamotrigine plus clonazepam.
Corticosteroid-induced depression can be treated with lithium alone or lithium added to fluoxetine, venlafaxine, and low-dose
fluvoxamine. Due to the lack of psychiatric assessment in large studies, generalization of data is difficult, and the risk factors and
exact mechanisms behind these side effects remain unknown. Future studies should be directed towards gene mapping to help
identify risk-promoting roles for certain genes, as well as genes involved in the possible signal transduction pathways to induce

these neuropsychiatric side effects.
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B Introduction

Glucocorticoids (GCs) are immunosuppressive and an-
ti-inflammatory steroid hormones secreted by the cortex of
the adrenal glands and regulated through the hypothalam-
ic-pituitary-adrenal axis (HPA Axis). The HPA Axis activity
is increased upon physiological and emotional stress due to
an increase in endogenous GCs.! When the HPA Axis is
stimulated, corticotropin-releasing hormone (CRH) and ar-
ginine vasopressin (AVP) are released from the hypothalamic
paraventricular nucleus (PVN).!CRH and AVP then binds
their receptor CRH-R1 and V1B in the anterior pituitary, in-
ducing the release of adrenocorticotropic hormone (ACTH)
into the blood circulation. Subsequently, ACTH stimulates
the adrenal gland via MC2-R (type 2 melanocortin receptor),
to synthesize and secrete GC hormones into the blood-
stream.! Figure 1 shows the workings of the HPA Axis. The
HPA axis is subject to negative feedback inhibition by GCs.
The genomic feedback regulation is mediated through the
binding of the GCs to the glucocorticoid receptors (GRs) at
the level of the PVN and the pituitary gland." This represses
the CR, CRH-R1, and the proopiomelanocortin (POMC)
gene, which is the precursor of ACTH. The POMC gene
expression is repressed by the binding of the GR to negative
glucocorticoid responsive elements (nNGREs)® and prevents it
from performing its transcription functions, thus preventing
more GC production. Non-genomically, GCs regulate the
HPA axis via the release of endocannabinoids from CRH
neurons, suppressing the subsequent release of glutamate from
presynaptic excitatory synapses® or via GABA release at the
inhibitory synapses of CRH neurons.* Once secreted, GCs are
bound to and transported by plasma proteins." Due to their
lipophilic nature, GCs diffuse through the cell membrane

and exert their effects.”" Their non-polar covalent structure
enables them to cross the blood-brain barrier and carry out
their functions. GCs have a high affinity for brain mineralo-
corticoid receptors (MRs) and a low affinity for GRs.” GRs
are expressed in virtually all organs and tissues, while MRs are
located in both epithelial and nonepithelial tissues. GR func-
tions by regulating the expression of GC-responsive genes
in a positive or negative manner." GCs are instrumental in
the normal functioning and homeostasis of the Central Ner-
vous System (CNS). GCs are used in the treatment of a wide
variety of inflammatory conditions like allergies, back pain,
dermatological, and ophthalmic conditions, gastrointestinal
disorders, cancer, and lupus amongst others.® They influence
both pro-inflammatory and anti-inflammatory cytokine se-
cretion, thus exerting an important modulatory role on the
immune system.” The degree of cortisol responsiveness has an
important effect on susceptibility and resistance to inflamma-
tory, autoimmune and infectious diseases.’

B Discussion

Side effects of glucocorticoids:

Glucocorticoids, though used to suppress inflammation,
are associated with numerous supraphysiological side effects
including mood disorders, cognitive impairment, suicidal ide-
ation, and anxiety.® GCs are secreted by the adrenal cortex.
Excess endogenous glucocorticoid secretion or administration
is known to cause Cushing’s syndrome, with symptoms of
obesity, weakness, osteoporosis, salt and water retention, and
hyperglycemia.

Corticosteroid-induced reversible, anti-psychotic, cognitive
deficits usually involve declarative and verbal memory, atten-
tion, and concentration.” These mild cognitive symptoms are
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experienced during short-term exposure to corticosteroids
like dexamethasone and prednisone.? However, in severe cas-
es, formal IQ_may be substantially reduced and occupational
performance and the ability to perform various tasks, skills,
and activities may be diminished.” Although disturbanc-
es of mood, cognition, sleep, and behavior as well as frank
delirium or even steroid-induced psychosis are possible, the
most common adverse psychiatric effects of short-term cor-
ticosteroid therapy are euphoria and hypomania, occurring in
temporary spells. Conversely, long-term therapy tends to in-
duce depressive symptoms like manic behavior and psychosis.
Some patients experience subtle mood disturbances, espe-
cially lability and irritability."® In addition to these effects,
a decrease in the duration of REM sleep, and loss of brain
hippocampal volume are also observed.® Treatment of these
side effects includes adjusting the dosage or discontinuation
of the corticosteroid treatment, prescribing antipsychotics,
mood stabilizers such as lithium, and antidepressants.® Edu-
cating the patients and their families on possible side effects
helps in the management of these disorders.®

Impact on memory, cognition, and behavior:

Corticosteroid-induced cognitive deficits without psychotic
symptoms include declarative or verbal memory, and effects
on concentration, recall, and analysis (steroid dementia). This
is due to dysfunction in neural circuits in the hippocampus
and prefrontal cortex.'™'> Working memory is dependent on
the prefrontal cortex and is involved in the tempo storage
of information. This is necessary to carry out cognitive
tasks like learning and reasoning.”*'* Declarative memory,
involved in the recall of verbal information, is dependent on
the hippocampus.ls 16 Deficits in these functions could be the
effect of prolonged GC exposure on GRs and MRs on the
hippocampus due to the reduction of hippocampal volume'®
or excess glutamate accumulation in that area.'” Declarative
memory is also affected due to increased blood flow in the
medial temporal lobe during GC therapy.'® Reversible deficits
in declarative memory have been reported in Cushing’s disease
and are greater in more severe cases.”?* This suggests that
excess endogenous and exogenous corticosteroids produce
similar cognitive impairment. Reversible cognitive deficits
and mood symptoms have been observed in healthy control
subjects after administration of prednisone, dexamethasone,
and cortisol.”’** In healthy subjects, acute GC administration
is associated with changes in several brain areas, decreased
activity in the left hippocampus, reduced hippocampal
glucose metabolism, and reduced cerebral blood flow to the
posterior medial temporal lobe.?>27 Also noted was atrophy
of the right amygdala, which is an important regulator of
mood and anxiety. This was correlated with the duration of
prednisone treatment in a sample study.*® Thus, excess GCs,
endogenous or exogenous, have extreme ramifications on
memory, cognition, and behavior.

The following excerpts from case studies have been
adapted from Kenna ez.a/® and Judd ez.a/® to illustrate some
of the neuropsychiatric side-effects of GC treatment and the
difficulties that may be encountered in treating these.

1. Mrs. S, an 85-year-old widow, socially active woman
with no prior psychiatric history, developed temporal arthritis
with abrupt and permanent loss of vision in her right eye
and blurred vision in her left. She developed significant
depressive and psychotic symptoms that resulted in her
hospitalization for apparent steroid-induced psychosis. The
psychosis resolved several weeks later, and the patient was
discharged but continued to become increasingly depressed.
Her depressive symptoms were marked as anhedonia, apathy,
and poor concentration, and she was disheveled in appearance
with poor grooming and loss of function. Although her
prednisone dose was lowered to 10 mg/day, she continued to
decline. Four months later, after making suicidal statements
and becoming assaultive toward her 24-hr caregiver, she was
hospitalized again, this time for almost 2 months. She was
severely depressed, hopeless, and nihilistic, with delusional
guilt, visual hallucinations, poor insight, and self-neglect.

2. A married 50-year-old Caucasian woman began expe-
riencing depression, intense fatigue, malaise, weight gain,
and swelling of her lower extremities. She sought medical
treatment and was found to have a pedal enema, azotaemia,
and proteinuria. A renal biopsy showed acute focal and seg-
mental glomerulosclerosis that was typical in its presentation.
During the first prednisone cycle, the patient became, as she
described it, “higher than a kite.” She recalls being unable to
sleep, lacking impulse control, and being inappropriately hu-
morous. Her mind was flooded with unrelated thoughts, and
her thinking became so disorganized that she was unable to
drive. She had marked memory problems and required mul-
tiple reminders, including some pinned to her clothes, for
various responsibilities and appointments. Her physician
had explained that she might become “hyperactive” during
prednisone treatment, but she was neither prepared for the
magnitude and extent of the changes she experienced during
the first cycle, nor for the depression that occurred during the
first taper period and those in the other two treatment cycles.

The onset of psychiatric symptoms and their correlation with
dosage:

Psychiatric side effects of corticosteroid treatment are
known to have a rapid onset. A study reported a median time
to onset of symptoms as early as 11.5 days.”” Another study
noted that 86% of patients developed psychiatric symptoms
within a week of starting treatment.*® Yet another study
showed symptoms of corticosteroid treatment generally
occurred within 2 weeks.3! The corticosteroids dexamethasone
and beta-methasone have half-lives of 36-54 hours®*? and can
thus accumulate and induce psychiatric symptoms that begin
after the last dose has been given.**** These studies show that
the psychiatric effects of GCs are immediate.

A study by the Boston Collaborative Drug Surveillance
Program showed a dose-response correlation between

73% showed a similar correlation in

corticosteroids. Chan et.a
which they observed psychosis in 8% of patients receiving
prednisone 90mg per day compared to 35 of patients receiving
30mg per day. Recent literature confirms the dose-response
correlation of psychiatric symptoms. Olsen ez.a® found a

significant correlation between mood lability and prednisone
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dose in mg/kg six-week week taper from 40mg/d to zero in
32 patients with alopecia areata. In almost all of the literature
on corticosteroid-induced dementia, the corticosteroid dose
has been at least 60mg/d of prednisone equivalent, suggesting
60mg/d as a dose threshold in the induction of psychiatric
symptoms.

Risk factors:

Researchers have found that women are more susceptible
to developing depressive symptoms during initiation of
oral glucocorticoid treatment, while men are more prone to
developing delirium, mania, confusion, and disorientation.®
This could be due to the sex hormone status and the influence
of estrogenic and progesterone on the hypothalamic-pituitary-
adrenal axis (HPA Axis).” The risk of delirium, depression,
mania, confusion, and disorientation also increases with
age.® Risk of suicide attempts, panic disorder, and depression
increase with people with past histories of mental illness.®
The risk of recurrence of the disorder during glucocorticoid
exposure increases with the experience of a psychiatric
disorder during glucocorticoid therapy.® Risk of psychiatric
disorders in response to GC use is also dose-dependent. The
presence or absence of previous psychiatric side effects does
not predict responses to subsequent courses of corticosteroids
i.e. a patient who has not shown any psychiatric side effects
previously may still show side effects to a subsequent course
of GCs. Corticosteroid-induced symptoms typically resolve
with dosage reduction or discontinuation of corticosteroids.

Glucocorticoid availability at the molecular level:

Once GCs are released, there are factors responsible for
the regulation of their availability to produce the required
GC response. Some factors may modulate how GCs impact
these adverse effects. These include corticosteroid-binding
globulin (CBG), the multidrug resistance transporter (MDR),
and 11B-hydroxysteroid dehydrogenase (118 -HSD), all
regulated at the tissue and cell-specific level.” The relative
concentration of these factors can dictate the availability of
active GCs carry out their functions. These factors are altered
under conditions of immune activation, as well as stress and
antidepressant treatment.” 90% of circulating GCs are bound
to CBG,*” and thus the relative concentration of CBG is an
important determinant of free GC. GCs exert their effects by
diffusing across the cell membrane and binding to cytosolic
receptors, however only unbound GCs are capable of
diffusing across the membrane.” Previous studies have shown
that stress and hypercortisolemia are associated with lower
CBG concentrations,*® while patients who responded to
antidepressant amitriptyline were reported to have increased
CBG levels.*

Modulation of MDR expression or function is also
responsible for GC activity. The MDR, P-glycoprotein (Pgp),
is an ATP-dependent multidrug efflux pump expressed
in several tissues like the brain, liver, kidney, intestines,
and adrenal glands.” At the blood-brain barrier, the MDR
transports cortisol and the synthetic GC, dexamethasone,
but not corticosterone out of the endothelial cells lining the
brain.*®* Patients with various autoimmune diseases such
as rheumatoid arthritis (RA), Crohn’s disease, and lupus,

exhibit high lymphocytic MDR expression and/or activity,
which positively correlates with disease activity. Greater
MDR expression in immune cells reduces GC availability,
enhancing the synthesis and release of pro-inflammatory
cytokines and increasing the inflaimmatory response.” This
increased MDR expression may be secondary to treatment
with high-dose GCs.” Altered MDR expression or function
has been shown to contribute to depression.” Studies have
demonstrated different types of antidepressants, increase
GC availability in cells by inhibiting MDR function, thereby
possibly reducing GC resistance.*>*

113 -HSD regulates GC availability by acting as a shuttle
in converting GCs between their active and inactive forms.
GC metabolism is mediated by 118 -HSDs. The 118
-HSDs typel isoform acts as a reductase, converting inactive
GC (cortisone) to active GC (cortisol), thus elevating cortisol
levels. The type 2 isoform acts as an oxidase/dehydrogenase
and inactivates GCs by converting cortisol into the inactive
cortisone molecule.** Pro-inflammatory cytokines such as
TNF- a and IL-1B have been shown to upregulate 11
-HSD 1 and downregulate 113-HSD 2, thus favoring the
formation of active GCs and controlling inflammation.*
Enhanced expression of 113-HSD?2 or reduced expression of
11B-HSD1 has been demonstrated in autoimmune patients
and could be another possible mechanism underlying GC
resistance in such diseases.”

Too much or too little influence of GCs on mood,
memory, and neuronal integrity can exert negative effects.
Central 11B-HSD1 expression is high in areas that influence
cognition and GC negative feedback on the HPA axis, such
as the cerebellum, hippocampus, prefrontal cortex, PVN of
the hypothalamus, and pituitary gland.”

Glucocorticoid receptor action in modulating glucocorticoid
effects:

The GR belongs to the nuclear receptor superfamily of
transcription factors (TFs) and is a 97 kDa protein that
is expressed throughout the body.! They regulate gene
expression by either direct interaction with specific promoter
sequences called glucocorticoid response elements, or through
protein-protein interactions with other transcription factors,
such as NF-kB, AP-1, STAT, and NFAT.* There have been
several polymorphisms identified in the human GR gene
which may be associated with hypo or hyper function of the
receptor, contributing to differential individual sensitivity
to the effects of GC treatment.” Some polymorphisms are
related to an increase or decrease in GC sensitivity and have
been associated with altered susceptibility, to metabolic
disorders, cardiovascular disease, autoimmune and infectious
disease, neuroendocrine responses to stress, as well as
altered cognition and effect.” Recent genetic studies have
shown certain polymorphisms like Be/1 and ER22/23EK,
are associated with increased susceptibility to developing
major depression, and the ER22/23EK polymorphism is
associated with a faster response to antidepressants.*”** The
polymorphism of the GR gene NR3C-1, in the promoter
region, has been associated with increased susceptibility to
depression.*
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In the absence of intracellular bioactive GCs, the GR is a
monomer in the cytoplasm where it resides in a multiprotein
complex.! This chaperone complex is important for GR
maturation, ligand binding, nuclear transport, and activation."
The composition of the chaperone complex changes during
the different GR maturation/activation states.’® Once inside
the nucleus, the activated GR can go on to exert its function
or it can be transported back to the cytoplasm, inhibiting
the GR’s transcriptional activity." Nuclear export of GR is
regulated by exportins and calreticulin (CRT) which bind to
the GR NES, thereby disrupting the GR-DNA binding.*"*?
The balance between nuclear import and export determines
the proportion of GR protein in the nucleus and has a direct
influence on the strength of GR’s transcriptional activities.!
In the nucleus, the GR acts as a TF that can activate
(transactivation) or inhibit (trans-repression) genes as well as
modulate the function of other TFs (tethering).!

Sensitivity to GC action at the level of the GR can be
determined by factors such as GR number, affinity, and
function, including its ability to translocate to the nucleus and
its interaction with other signal transduction pathways.****
In addition, sensitivity to GCs depends on the expression
of particular GR isoforms.” GRa mediates GC action,
while GRB and GR-P have been shown to mediate GRa
activity and are unable to bind ligands.’Generally, GRB is
expressed at very low levels compared to GRa; however, its
expression is increased in tissues in inflammatory diseases,
and it seems to be associated with decreased sensitivity to
GCs.” Increased GRP expression may be related to impaired
negative feedback mechanisms mediated by GRa activity and
has been associated with the development and/or aggravation
of symptoms in various glucocorticoid-resistant diseases,
such as asthma, colitis/Crohn’s, and RA.** Moreover, changes
in expression and stability of different GR isoforms can be
triggered by inflammation®® and have also been associated
with mutations or polymorphisms in the receptor.”**”?®

Possible mechanisms

Role of MRs and GRs in the brain-structure function analysis:

GCs penetrate the brain and bind to 2 types of receptors:
GRs, expressed in cerebral neurons and glial cells, and MRs,
which GCs have a higher affinity for, and are expressed in
limbic brain areas like the hippocampus, which control the
temperature of the body and the pituitary gland.** MRs have
a higher affinity for endogenous corticosteroids and have
been associated with cortisol-related circadian variations,
while GRs have a higher affinity for dexamethasone.”

GRs have a lower affinity for endogenous corticosteroids,
but they are activated when endogenous GC levels are
high. Low cortisol levels occupy MRsd, but when GC
concentrations are high, GRs are also activated since there
are enough GCs to activate MRs and GRs.** GCs exert
their effects by binding to cytosolic MRs and GRs and then
translocate to the nucleus upon binding to their ligand.*®°
The circadian cycle is a natural internal process that regulates
an individual’s sleep-wake cycle. The activation of both GRs
and MRs occurs during the active period of the circadian cycle
and in Cushing’s syndrome.” In hippocampal cells, only 118

-HSD type 1 is expressed, which converts inactive cortisone
to active cortisol.” Thus there is conversion to active cortisol
in these areas and since the type 2 isoform is not expressed in
the hippocampus and other limbic areas, there is only active
cortisol circulating, leading to MR activation by GCs in these
areas, and possibly explaining the changes seen in these areas
during chronic exposure to GCs.”

GCs and neurons:

Chronic exposure to GCs inhibits regenerative sprouting of
axons that follows differentiation of hippocampal neurons and
reduction in the number of these neurons.** Brain-derived
neurotrophic factor (BDNF) is involved in many functions
such as neuronal growth, survival, synaptic plasticity, and
memory formation and protects against stress-dependent
impairment of spatial memory. Figure 2 (shown below)
illustrates the cytokine-mediated repression of BDNF, and
the subsequent repression of the genes involved in neuronal
architecture.

It is thus important for maintaining neural architecture in
brain regions such as the hippocampus and prefrontal cortex.**
Pro-inflammatory cytokines such as IL-6, IL-1, and TNF-
a play a functional role in the CNS by increasing glutamate
release and decreasing the expression of glutamate transporters
on relevant glial elements, releasing in decreased glutamate
uptake.®! Glutamate downregulates the expression of BDNF.
1 The cytokine mechanism provides a possible explanation
for stress-related changes. Under normal physiological
conditions, these cytokines give support to neurons, helping
in neurogenesis and contributing to normal cognitive
function.®” However, stress-induced prolonged activation
of these cytokine networks can also lead to abnormalities
consistent with neuropsychiatric disorders. These include
decreased neurogenesis, increased glutamatergic activation,
oxidative stress, induction of apoptosis in astrocytes and
oligodendrocytes, and cognitive function.®” The pathway to
these effects, especially concerning behavior, requires cytokines
and inflammatory mediators to increase glutamate release and
to decrease the expression of glutamate transporters on relevant
glial elements, resulting in decreasing glutamate reuptake.®!
Neuroimaging techniques have provided insight into the
correlation between neuroinflammation, glial dysfunction
and glutamate synaptic dysfunction in depressed patients.®
Glutamate regulates synaptic transition and plasticity by
activating glutamate receptors (AMPA, NMDA, mGluR1 to
mGluR8).® Glutamate is cleared from the extracellular space
by high-affinity excitatory amino acid transporters (EAATS)
which are located on neighboring glial cells.*> Glutamate is
converted to glutamine by glutamine synthetase. Glutamine
is then transported back into the glutamatergic neuron, where
it is hydrolyzed into glutamate by glutaminase.®® There are no
degradative enzymes in the synapse and therefore uptake by
EAATSs is the primary mechanism through which the action
of extracellular glutamate is terminated.®> Acute stress and
GCs induce extracellular glutamate levels, possibly due to
decreased ability to clear extracellular glutamate as a result
of impaired glial cell uptake and metabolism, combined with
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stress-related changes in glutamate release,® thus raising extra-
synaptic glutamate levels. Pre-synoptically, this suppresses
glutamate release and post-synaptically reduces synaptic
connectivity by overstimulating the NMDA receptors.**

Thus, GRs target glial cells by inducing glutamine synthetase
activity, which converts active glutamate to inactive glutamine.
This allows glutamate synthesis to reoccur in cultured
astrocytes, inducing an increased release of glutamate®>®” that
induces neuronal toxicity due to the accumulation effect.®®
Abnormally high concentrations of glutamine of the receiving
nerve cell can lead to effects that can cause cell damage
and/or death. Animal model data suggests that N-methyl-
D-aspartate (NMDA) receptor antagonists or glutamate
release inhibitors (phenytoin) may block the corticosteroid
effect on the hippocampus.”” Decreased neurogenesis in
the hippocampus of rats was also observed due to increased
corticosterone levels induced by sleep deprivation.”” MRS
spectroscopy studies have shown characteristic reductions
in glutamatergic and GABAergic neurotransmission in
depressed patients.”! The astrocyte-released glutamate acts on
the extra synaptic NMDA receptors to mediate excitotoxicity,
and to decrease the production of trophic factors including
BDNE*"  explaining why GRs downregulate BDNF
expression, resulting in a consequent loss of spatial, verbal,
and declarative memory in patients treated with exogenous
GCs, and also contributing to the development of depression
and anxiety.”” Since GCs stimulate apoptosis of hippocampal
neurons, chronic hypercortisolemia also leads to atrophy and
cell death.” Cytokines, TNF-a,and IL-1 also cause astrocytes
and microglia to release reactive oxygen and nitrogen
species, causing an amplification of oxidative stress.*" Thus
astrocyte and microglial release of cytokines contribute to
the amplification of inflammatory pathways within the brain.
This leads the to loss of glial elements, oligodendrocytes, and
astrocytes involved in multiple mood-relevant brain regions,
including the prefrontal cortex, which is associated with
the control of working memory, and the amygdala, which is
associated with the body’s response to stress and fear and plays
a pivotal role in memory. These have emerged as fundamental
morphologic abnormalities in patients with depression.®*

In patients with Cushing’s syndrome, lower brain weight,
loss of brain volume, and ventricular enlargement were
observed.”*”® Hippocampal volume was also reduced in a
large proportion of patients.””™®!

HPA Axis dysfunction:

GC’s are involved in glucose metabolism, inflammation,
and immunity.” GCs have important effects on arousal,
memory, and cognition as well as fetal development and aging®
The stress-responsive PA Axis regulates GC production,
and its dysfunction is implicated in the pathophysiology
of anxiety, depression, and psychotic disorders related to
chronic exposure to GCs.” Hypothalamic secretion of the
corticotropin-releasing factor (CRF) stimulates the release
of corticotropin (ACTH) from the anterior pituitary and the
subsequent release of cortisol from the adrenal glands. The
rapid effects and feedback to the hypothalamus which follow
are mediated by the MRs and GRs.® Synthetic GCs used

in treatment preferentially activate pituitary GRS, causing
suppression of ACTH and preventing endogenous cortisol
release.® Hence synthetic GCs activate GRs in the brain
while depleting cortisol from MRs.*? Prolonged application
of high doses of corticosteroids can thus lead to HPA axis
dysregulation. Major depressive disorder is associated with
dysregulation of the HPA axis. HPA axis dysfunction,
reported in patients with depression, is believed to be partly
related to impaired feedback inhibition by endogenous GCs
due to GC resistance® or due to hypersecretion of CRH.#4%
This is due to a lack of inhibition of ACTH responses to
CRH following dexamethasone pre-treatment, which
points to an impaired feedback inhibition at the level of the
pituitary.” Central 11-beta-HSD-1 expression is high in
areas that influence cognition, thus possibly affecting the GC
induced negative feedback mechanism of the HPA axis in
areas such as the prefrontal cortex, cerebellum, hippocampus,
PVN of the hypothalamus, and pituitary gland.” 11-beta-
HSD levels have been shown to be associated with depression
in certain studies, but the results are inconclusive.®® Thus both
exogenous use of high dose steroids and endogenous excess
of these hormones are associated with mood disorders and
depressive symptomatology, the mechanisms of which are
unknown. Resolution of impaired HPA Axis function, due to
administration of exogenous GCs, could cause a reduction of
these disorders.

The information about infection or injury is conveyed
to the brain, which sets off various mechanisms directed
toward the restoration of health and homeostasis. Cytokines
are chemical messengers derived from immune cells, which
act as immunomodulators and neuromodulators, and
mediate many of these functions. They can be classified into
pro-inflammatory and anti-inflammatory cytokines. Pro-
inflammatory cytokines like interleukin-1 (IL-1), interleukin
6 (IL-6), and tumor necrosis factor (I'NF), augment the
immune response to help remove pathogens and dispel the
inflammatory challenge. Anti-inflammatory cytokines like
interlukin-4-10 (IL4-10) and interleukin-13 (IL-13),dampen
the immune response. The physiological and psychological
effects of immune activation during infection, which are
primarily mediated by the central effects of peripherally
released pro-inflammatory cytokines, are collectively referred
to as sickness behavior. The behavioral responses observed
during infection are observed in patients after receiving their
systematic administration of cytokines. Immunotherapy with
IFN-a, a pro-inflammatory cytokine, has been associated
with symptoms of cognitive impairment, fatigue, behavioral
despair, and depression. The symptoms of sickness behaviour
almost immediately disappear after terminating cytokine
administration, suggesting a causal role for cytokines in
mediating this condition. Alteration in the pro-inflammatory
cytokine milieu can lead to behavioral changes, which are
similar to those found in patients with depressive symptoms
including altered sleep patterns, anhedonia, decreased activity,
and cognitive dysfunction. The change of pro-inflammatory
mediators is seen as a trigger of depression. There is a
bidirectional relationship between the immune system and
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the HPA axis in which cytokines stimulate the HPA axis,
releasing

GCswhich provide negative feedback control of the immune
system, thus keeping a check on the inflammation.?”* GCs
prevent the production of pro-inflammatory TH1 cytokines
and increase the production of anti-inflammatory TH2
cytokines.”® IL-6 is the primary relevant pro-inflammatory
cytokine. Cytokines can stimulate the HPA Axis by acting
on the brain, the pituitary, or the adrenal gland.” Studies
have shown that pro-inflammatory cytokines can induce
GC resistance by reducing GC function.”® Reduction of
GR function and affinity induced by cytokines has been
found in patients with inflammatory diseases, especially
those exhibiting resistance to GC treatment.”* Reduced GR
function contributes to enhanced pro-inflammatory cytokine
production, associated with the development of depression.”
There is an inverse correlation between the serum level of I1L-6
and the precursor of serotonin, which is the key hormone that
stabilizes our mood, feelings of happiness, and well-being.”
Serotonin enables brain cells and other cells in the nervous
system to communicate with each other and it helps with
sleeping, eating, and digestion. IL-6 in depressive patients is
higher.”® Most studies on ‘the cytokine theory of depression’
are focused on increased levels of pro-inflammatory cytokines.
The role of anti-inflammatory cytokines has been recently
analyzed and a decreased IL-10 level in depressive patients
has been observed’ while confounding factors for cytokine,
including certain chronic physical illnesses and medication.
Hence, the elevated ratio of IL-6/IL-10 may be a contributing
factor to depression.®® =

Four antidepressant drugs, imipramine, venlafaxine, 1-5
hydroxytryptophan,and fluoxetine, have been found to increase
the production of IL-10 (anti-inflammatory mediator).®!
Fluoxetine has been observed to lower the serum level of
IFN-y (pro-inflammatory), whereas all four anti-depressants
decreased the IFN-y/IL-10 ratio significantly.®* The tricyclic
anti-depressants (TCAs), selective serotonin reuptake
inhibitors (SSRIs), and serotonin-norepinephrine reuptake
inhibitors (SNRIs), as well as the immediate precursor of
serotonin, have a common, negative, immunoregulatory
effect by suppressing the IFN-y/IL-10 production ratio.96
Antidepressants promote the production of 1L-10, which
in turn reduces the ratio of pro and anti-inflammatory
mediators.®”” IL-10 was observed to alter the balance of TH1/
TH2.%®

Current treatments:

Psychiatric  disturbances resulting from corticosteroid
therapy commonly resolve slowly after discontinuation of
the drug or reduction of the dosage.”” Initial treatment of
corticosteroid-induced psychiatric disturbances should follow
this protocol.”” For patients receiving high-dose and long-
term treatment, a taper is advised to prevent both physiologic
and psychiatric corticosteroid withdrawal phenomena.'® An
inappropriate taper can result in 3 types of difficulties: (1)
suppression of the hypothalamic-pituitary-adrenal axis (HPA)
with the potential for secondary adrenal insufficiency, (2)
recurrence of the disease for which the therapy was initiated,

and (3) a corticosteroid withdrawal syndrome characterized
by symptoms of adrenal insufficiency but with normal HPA
function.’ Appropriate tapering is critical and should be
based on total dosage, therapy duration, and corticosteroid
type. For patients who cannot tolerate corticosteroid cessation
or dose reduction due to the severity of the disease, or who
suddenly develop psychosis, severe agitation, aggressive
behavior, or other intolerable symptom complexes, palliative
pharmacotherapy is indicated, even though no definitive
treatment has been identified.”” In certain patients,
pharmacotherapy may prevent corticosteroid-induced
psychiatric disturbances.®” For example, anecdotal evidence
suggests that lithium may be effective for the acute treatment
of corticosteroid-induced psychiatric symptoms, including
mania and depression.’*®'® Lithium increases the amount of
certain chemicals in the brain which stabilizes mood. Some
other studies suggest that valproic acid, neuroleptics and
atypical antipsychotics can be administered for treatment
of these symptoms.'®*'%® Valproic acid increases GABA
production in the brain. GABA blocks transmission across
nerves in the brain and also has an anti-anxiolytic effect.

Case studies of treatments:

The following excerpts from case studies have been adapted
from Kenna ez.af and Judd ez.af in order to illustrate some
of the neuropsychiatric side-effects of GC treatment and the
difficulties that may be encountered in treating these.

1. Mrs. S began oral prednisone. 60 mg/day. While tapering
down to 40 mg/day 1 month later, she developed significant
depressive and psychotic symptoms that resulted in her
hospitalization for apparent steroid-induced psychosis. The
psychosis resolved several weeks later and the patient was
discharged, but continued to become increasingly depressed.
Although her prednisone dose was lowered to 10 mg/day,
she continued to decline. Four months later, after making
suicidal statements and becoming assaultive toward her 24-h
caregiver, she was hospitalized again, this time for almost 2
months. In hopes of saving the remaining vision in her left eye,
methotrexate was added to her prednisone 10 mg/day. She was
stabilized and discharged on olanzapine 7.5 mg alternating
with 10 mg q.h.s., bupropion XL 300 mg/ day, duloxetine
90 mg/day, benztropine 0.5 mg q.h.s., and, lorazepam 0.5
mg bid p.r.n. Two weeks later upon follow up, Mrs. S was
neatly groomed and cheerful. She denied depressed mood,
anhedonia, and suicidality. In the following months, her
mood remained stable and she resumed social activities while
continuing her hospital discharge medications. Olanzapine
and duloxetine were gradually decreased, while bupropion,
benztropine and lorazepam were discontinued after 4 months.

In the case of Mrs. S, the corticosteroids could not be
discontinued and therefore the use of psychotropic treatment
was required which ultimately resulted in a good prognosis.

2. The patient was started on a cycle of prednisone,
beginning with 70 mg/day and tapering by 5 mg per week
until the dosage was 10 mg/day because of the renal biopsy.
At 10 mg/day, the proteinuria returned, and the nephrologist
decided to initiate another cycle of prednisone, with the
same starting dosage and tapering schedule. Once again the
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proteinuria returned when the dosage reached 10 mg/day,
and the patient underwent a third cycle of prednisone, with
the same result. During this time, the patient was intensely
anxious, and her nephrologist prescribed alprazolam in
escalating doses up to 4 mg per day, which suppressed
her anxiety. After the third course of prednisone failed to
ameliorate the glomerulosclerosis, the patient was started on
100 mg/day of cyclophosphamide, to continue until her urine
was free of protein. She was treated with cyclophosphamide
for approximately 4 months, at which time she was free of
proteinuria and was asymptomatic. She was discharged
from treatment and has remained asymptomatic, with
continued monitoring every 3 to 6 months. Three days after
starting the first prednisone cycle, the patient became, as
she described it, “higher than a kite.” When her depression
became severe, she sought treatment on her own from a
psychiatrist, who prescribed bupropion, which successfully
treated the depression. Throughout the three treatment
cycles, the patient’s thinking remained disorganized, with
memory difficulties and memory loss. These symptoms
persisted for approximately 12 months, diminishing over time
to the point that she was able to return to work and begin
driving again. The patient continues to report experiencing
memory problems, some loss of cognitive clarity, and a greater
vulnerability to overreacting to stress.

This particular case study demonstrated, once again, the
need for an antidepressant, in this case an SSRI, to treat
the prednisone-induced depression. The patient showed
deficits in cognition and memory after the first prednisone
cycle itself. These symptoms however, diminished over time
after discontinuation of the GCs, illustrating the possible
reversibility of neuropsychiatric side-effects in some cases.

Future directions:

The literature on the treatment is limited to numerous case
reports and a few small trials.” These provide clinical guidance,
but require further studies.” The education of patients and
their families about the risks of side-effects of GC therapy
is imperative, especially since these adverse effects have a
rapid onset.” The most common first-line treatment for GC
induced neuropsychiatric symptoms is dosage reduction or
discontinuation. Taper schedules, especially after long term
GC treatment should be followed and patients need close
monitoring for new or increased symptoms. When severe
problems with mood, memory, cognition, or behaviour occur
during GC treatment or withdrawal, a psychiatrist should be
consulted. There are several recommendations for medication
based on preliminary evidence from case studies and clinical
trials. GC induced mania or mixed manic symptoms seem to
respond to lithium carbonate,” olanzapine,* or phenytoin.'?’
Sodium valproate appears to reverse manic-like symptoms
rapidly while allowing GC treatment to continue.'™
Depressive symptoms improve with the use of selected SSRIs
such as sertraline, fluoxetine, venlafaxine, and low-dosage
fluvoxamine, as well as with lithium alone,” but not with
tricyclic anti-depressants.

Speculationregarding mechanismsbywhichthesedrugswork
include regulation of corticosteroid effects on dopaminergic
and cholinergic systems''>!'* and modulating the decrease

in serotonin release.’'® This is because corticosteroids, which
regulate the activity of the raphe-hippocampal serotoninergic
pathway, may affect the serotoninergic system and increase
the risk for anxiety and depression.” A detailed, in-depth
analysis of this particular pathway may prove beneficial
in the future treatments of mental disorders. If the patient
has underlined bipolarity, mood stimulators should be used
instead of antidepressants to prevent switch into manic
or mixed dysphoric states. GC induced psychosis can be
prevented with atypical antipsychotics alone with lithium,’
while GC induced delirium responds to haloperidol or atypical
antipsychotics. Haloperidol can directly regulate the HPA
axis and immune system through a pharmacological action
via D2 receptor antagonism."™* Memory problems induced
by GCs in patients have been reduced by administration of
lamotrigine’>'*® and by the NMDA receptor antagonist,
memantine.""” The beta-blocker propranolol has been found
to block GC induced memory deficits in healthy subjects.'*®

Monitoring is an extremely high priority and prophylactic
treatment should be considered for patients with recent
history of mood or cognitive disorder. Prophylactic treatment
should also be given to patients with autoimmune medical
conditions like multiple sclerosis'? and patients with other
neurological disorders'*® that are characterized by mood or
cognitive disturbances. These conditions may increases the
risk of new onsets or exacerbations of such problems during
GC withdrawal or treatment.

Since individual susceptibility to the serious mood and
depressive effects of GC therapy could be due to individual
variations at all levels of GC regulation, these avenues need
to be further explored.” These include CRH signalling, GC
hormone levels, factors regulating GC availability and the
GR. GR polymorphisms conferring hypo or hyper sensitivity
of the GR are equally important.” Moreover, the presence
of immune activation, with excess TH1 cytokines could also
contribute to HPA dysfunction and behavioural changes.” A
closer look at these possible factors in patients requiring high
dose GC administration, could reduce the risk of side-effects
by effective management of these factors.

® Conclusion

Corticosteroids are used in the treatment of many illnesses,
but their psychiatric side-effects are of common concern to
all physicians. Therefore, educating patients about these
side-effects is essential. Each patient has a different level of
susceptibility to neuropsychiatric effects of GC therapy, which
can vary over time.® The risk factors include age, gender,
genetic, and background factors at all levels of GC regulation,
and the risk may be elevated based on an individual’s past
psychiatric history.® However, it is not possible to predict which
patients will experience these adverse effects and therefore all
patients should be considered at risk and monitored closely.®
Very little data is available on the incidence and prevalence
of these side-effects, and few studies have been performed.®
The available data suggests that the psychiatric symptoms
during GC therapy are dose-dependent with an early onset,
and include mania, depression and psychosis.® Further studies
on the mood and cognitive effects of GC therapy are needed.
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intracellular messenger cascades, modulation of local protein synthesis and,

eventually, gene expression (not shown). Surface expression and function of

NMDARs and AMPAR:s is dynamically regulated by protein synthesis and

degradation and receptor trafficking between the postsynaptic membrane
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