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Summary

The paper presents the current state of knowledge on lithium treatment. The history of the
therapeutic application of lithium began in 1859 and its introduction to modern psychiatry took
place 90 years later. Since the early 1960s, lithium became a precursor of mood-stabilizing drugs
and nowadays is the drug of choice for the prevention of manic and depressive recurrences
in mood disorders. It remains a valuable drug for the treatment of acute episodes of mania
and depression, especially for the augmentation of antidepressant drugs in treatment-resistant
depression. The factors of prophylactic efficacy of lithium in the context of the so-called excel-
lent lithium responders and the efficacy in affective episodes were discussed. Among mood-
stabilizing drugs, lithium exerts the biggest effect on preventing suicidal behaviors. It also
shows antiviral (mainly against herpes viruses) and immunomodulatory activity. The evidence
has recently been gathered on neuroprotective and “antidementia’ properties of lithium, which
prompted its use in neurodegenerative disorders. The biochemical mechanism of lithium is
associated mainly with the inhibition of glycogen synthase kinase-3 and an effect on intracel-
lular signaling. The recommendations for managing lithium-induced adverse effects both in the
carly and late period of treatment as well as for lithium use in pregnancy and perinatal period
were given. The necessity of overcoming negative perceptions of lithium was pointed out to
increase the number of possible beneficiaries of lithium treatment. Both introduction of lithium
into modern psychiatry and its therapeutic effects have been reflected in literature and art.
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Historical introduction

The medical application of lithium began in 1859, when an English physician,
Alfred Baring Garrod (1819-1907), introduced lithium carbonate for the treatment
of gout [1]. In 1871, an American neurologist, William Alexander Hammond (1828-
1900), used lithium bromide for the treatment of mania [2], whereas in 1886, a Danish
physician and scientist, Carl Lange (1834-1900), relying on the “uric acid diathesis”
theory of depression, reported on his positive experiences with lithium carbonate in
the treatment and prophylaxis of recurrent depression [3].
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The year 1949 is regarded as the date of introducing lithium into modern psychiatry,
when an Australian psychiatrist, John Frederick Cade (1912-1980), described the efficacy
of lithium carbonate in the treatment of mania [4]. In the early 1960s, publications ap-
peared pointing to the possibility of lithium preventing recurrences of mood disorders.
Their authors were a British psychiatrist, Geoffrey Hartigan (1917-1968) [5], and a Dan-
ish psychiatrist, Poul Christian Baastrup (1918-2002) [6]. In the 1970s, the therapeutic
activity of lithium in depressive episodes was demonstrated [ 7], while in the early 1980s,
the augmentation of the efficacy of antidepressants by lithium was shown [8].

In this paper, the current status of knowledge on lithium treatment is presented,
following 161 years after introducing lithium to medical therapy and 71 years of its
use in modern psychiatry. A detailed account of this topic was also recently discussed
in the book “Lithium — the amazing drug in psychiatry” [9].

The prevention of recurrences in mood disorders

The main indication of using lithium nowadays is the prevention of manic and
depressive recurrences in mood disorders. The preventive effect of lithium on affective
recurrences is termed as mood-stabilizing. Lithium is a precursor of mood-stabilizing
drugs and belongs to the first generation of these drugs (together with valproate and
carbamazepine), introduced in the 1960s/70s. The second generation was initiated in
1995, after demonstrating mood-stabilizing properties of clozapine [10], followed by
olanzapine, quetiapine, lamotrigine, aripiprazole, and risperidone [11, 12].

My experiences with assessing lithium prophylactic efficacy date back to 1980,
when the evaluation of 61 patients with bipolar disorder (BD) receiving lithium for
an average five years was published in “Psychiatria Polska”. It was shown that during
lithium administration compared with the identical period before lithium initiation,
the number of recurrences was reduced by 71%, and that of hospitalizations — by 72%.
In 44% of patients, no recurrences were observed during lithium treatment [ 13]. In the
21st century, the prophylactic effectiveness of lithium was amply demonstrated in
three meta-analyses. They showed that lithium was significantly better than placebo
for the prevention of all kinds of recurrences and manic episode recurrences, and in
the majority of studies also for the prevention of depressive episodes [14-16].

The main projects comparing lithium with the 1* generation mood-stabilizing drugs
are the MAP (Multicenter study of long-term treatment of Affective or schizoaffective
Psychoses), and the BALANCE (Bipolar Affective disorder Lithium/ ANtiConvulsant
Evaluation). In the former, the prophylactic efficacy of lithium and carbamazepine was
assessed for a period of 2.5 years. It was shown that lithium was more efficacious in
the classic forms of BD, while carbamazepine performed better in the atypical forms
(among others, with psychiatric comorbidity and mood-incongruent delusions) [17].
In the BALANCE study, the prophylactic efficacy of valproate monotherapy, lithium
monotherapy, and a combination of the two drugs was evaluated for a period of two
years. It was found that lithium monotherapy resulted in a better prophylactic effect
than valproate monotherapy, and the best prophylactic efficacy was achieved with the
combination treatment [18].
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A comparison of lithium with the 2nd generation mood-stabilizers was performed
for lamotrigine and quetiapine. In the first study, comparing lithium and lamotrigine for
1.5 years, it was shown that the prophylactic potential of either drug was significantly
greater than the placebo, and that lithium was significantly better than lamotrigine in
the prevention of mania while lamotrigine outperformed lithium in the prevention of
depression [19]. In the CHOICE project (The Clinical and Health Outcomes Initiative
in Comparative Effectiveness for Bipolar Disorder) assessing lithium and quetiapine
for a period of six months, no differences between drugs were found for the therapeu-
tic and prophylactic efficacy [20]. However, in a four-year study, Altamura et al. [21]
showed that the percentage of patients without recurrences was greater in those treated
with lithium (46%) than in patients receiving quetiapine (29%).

A recent comparison by Kessing et al. [22] proved that lithium monotherapy is
significantly more effective prophylactically than monotherapy with other mood-
stabilizing drugs, such as valproate, lamotrigine, olanzapine, and quetiapine. Finnish
researchers showed that lithium was the most effective in preventing hospitalizations
in BD patients [23].

On the 50th anniversary of introducing lithium into modern psychiatry, a Canadian
psychiatrist of Czech origin, Paul Grof, presented the concept of “excellent lithium
responders” for patients with BD for whom lithium monotherapy leads to a complete
recovery of the illness [24]. In a medical center in Poznan, an assessment of the percent-
age of excellent lithium responders was made, showing that in about 1/3 patients with
BD who completed the ten-year observation, there were no recurrences [25]. Grof[26]
in his subsequent paper suggests that excellent lithium responders can be characterized
by a moderate number of affective episodes with full remissions between them and the
absence of psychiatric comorbidity. This may correspond to the classic description of
“manisch-depressives Irresein” made by Kraepelin [27]. A favorable effect of lithium
is also observed in the morbid offspring of such patients [26].

A study of clinical factors related to the prophylactic efficacy of lithium use was
also conducted in Poznan in a group of 111 patients treated with lithium for 5-39 years
(average 18 years). It was found that a better lithium prophylaxis efficacy was achieved
in patients with later onset of the disease, without a family history of affective disorders,
with other family members taking lithium for prophylaxis, in women with coexisting
anxiety disorders, and in men who do not abuse alcohol [28].

The analyses performed so far on this topic are consistent with the notion that
favorable factors of prophylactic lithium treatment include an episode sequence of
mania-depression-remission, later onset of the illness, a non-rapid-cycling course,
and early implementation of lithium [29, 30]. The reduced effect of lithium in alcohol
abusers, shown in our study, has also been confirmed by American researchers [31],
whereas a good response to lithium in family members is in line with Grof’s opinion
that the beneficial effects of lithium can be demonstrated by relatives in the next
generation [26].

We also studied the correlation between lithium prophylactic efficacy and per-
sonality traits categorized on the TEMPS-A scale (Temperament Scale of Memphis,
Pisa, Paris, and San Diego Autoquestionnaire), such as hyperthymic, cyclothymic,
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depressive, anxious and irritable temperaments. A positive correlation with lithium
efficacy was shown by the hyperthymic temperament, while a negative correlation
was shown by the anxious, cyclothymic, and irritable temperaments [32]. Another
study evaluated the efficacy of prophylactic use of lithium depending on schizotypal
characteristics measured on the O-LIFE scale (Oxford-Liverpool Inventory of Feelings
and Experiences). This scale distinguishes four schizotypal dimensions, such as unusual
experiences, cognitive disorganization, introvertive anhedonia, as well as impulsive
nonconformity. A significant negative correlation between the efficacy of lithium and
the dimension of cognitive disorganization was shown, and this dimension is most
strongly related to a predisposition to psychotic symptoms [33].

An essential element connected with lithium prophylactic efficacy is genetic
prediposition. In the article published in the journal “CNS Drugs” in 2013, the updated
knowledge on the role of so-called “candidate genes” in this respect was presented
[34]. The Poznan center was the first to show an association between the Val66Met
polymorphism of the BDNF' (brain-derived neurotrophic factor) gene and lithium
prophylactic efficacy [35]. We also found a connection between lithium prophylactic
efficacy and the — 48 A/G polymorphism of the DRDI (dopamine receptor DI1) gene
[36] and the polymorphisms of so-called “clock™ genes related to biological rhythms,
such as ARNTL (aryl hydrocarbon receptor nuclear translocator-like) gene and TIM
(timeless) gene [37].

The 2005 meta-analysis showed that poor social status, stress factors and life
events can be linked to a worse prophylactic effect of lithium [38]. Recently, French
authors found that lower lithium efficacy is also connected to early childhood stress
events [39]. The molecular-genetic studies carried out in Poznan indicate a relation-
ship between lithium prophylactic efficacy and stress-system genes. An association
was found between lithium efficacy and the polymorphism of the glucocorticoid
receptor NR3C1 (Nuclear receptor subfamily 3 group C member 1) gene [40] and
three polymorphisms of the FKBPS5 (FK 506 binding protein 5) gene [41]. The FKBPS5
gene is one of the most important genes mediating psychopathological consequences
of early childhood trauma, mainly in the form of a more severe course of mood
disorders [42].

The first genome-wide association study (GWAS) concerning the prophylactic ef-
fects of lithium, conducted as part of the International Consortium on Lithium Genetics
(ConLiGen) project, showed a significant association of lithium efficacy with the locus
on chromosome 21, which contains two genes of long non-coding RNA (IncRNAs),
a regulator of gene expression in the central nervous system [43]. Using this method,
a connection between a worse lithium effect and the presence of psychotic symptoms
was found [44], which corresponds with the schizotypal dimension predisposing to
such symptoms [33].

The latest guidelines of the Task Force of ISBD (Infernational Society of Bipolar
Disorder) and IGSLI (International Group for the Study of Lithium-treated Patients)
recommend maintaining lithium concentrations for prophylactic purposes at 0.6-0.8
mmol/l. In the case of good response but poor tolerance, the level of 0.4-0.6 mmol/l is
acceptable, whereas in the case of insufficient response and good tolerance, the con-
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centration may be increased up to 0.8-1.0 mmol/l [45]. As the proportion of excellent
responders to monotherapy with lithium is about 1/3, the majority of BD patients are
treated with combination therapy, also including lithium with other mood-stabilizing
drugs. A combination of lithium with valproate, quetiapine, olanzapine, or aripipra-
zole is much better prophylactically than either of these drugs alone [18, 46-48].
The prophylactic efficacy of combined lithium and quetiapine is doubled compared
to monotherapy with either drug alone [21].

Lithium also prevents depressive recurrences in unipolar depression, which was
already noticed in the first article on lithium prophylactic efficacy [5]. The 2019 re-
view included five randomized controlled studies comparing lithium monotherapy and
placebo, and five such studies comparing lithium and antidepressants. The prophylaxis
with lithium was significantly better than with the placebo and insignificantly so than
with antidepressants [49]. Finnish researchers assessed the risk of rehospitalization
in patients with severe recurrent depression. Lithium administration, especially as
monotherapy, was associated with a significantly reduced risk of rehospitalization,
while such an effect was not found for antidepressant drugs (except for amitriptyline)
and antipsychotic drugs (except for clozapine) [50]. Therefore, the prophylactic use
of lithium to prevent recurrence of periodic depression is worth considering, e.g., not
only after the successful introduction of lithium for potentiation of antidepressants in
drug-resistant depression, but also in the case of frequent recurrences occurring during
the use of antidepressants.

The treatment of mania

Lithium still retains its value as an anti-manic drug, although lithium monotherapy
is recommended rather in less intense manic states. Severe manic episodes, with psy-
chotic symptoms and significant psychomotor agitation, usually require intramuscular
administration of drugs, and after switching to oral treatment, lithium is usually used
in such cases in combination with another mood-stabilizing drug. The meta-analysis
carried out in 2000 showed a significantly higher antimanic efficacy of lithium than
placebo. Compared to antipsychotics, lithium showed effects similar to haloperidol
and risperidone, better than chlorpromazine, and comparable to antiepileptic drugs,
such as carbamazepine and valproate [51]. However, in a recent review from 2011,
both haloperidol and atypical antipsychotics, such as risperidone and olanzapine, were
found to be more effective than lithium in the treatment of mania [52].

In a manic state, lithium carbonate can be initiated at a dose of 750-1000 mg per
day to achieve a concentration of more than 0.8 mmol/l. Some researchers believe
that this concentration may be as high as 1.2 mmol/l in the manic state because such
patients tolerate it well. The first lithium test should be carried out 3 days after initiating
treatment and the “anti-manic” concentration of lithium is usually obtained at a dose
of 1000-2000 mg of lithium carbonate per day. This also applies to situations where
lithium is used together with other antimanic drugs. Side effects of lithium in manic
episodes are rare and are the same as in the initial period of its introduction, i.e., nau-
sea, hand tremor, drowsiness, and fatigue. Usually, they subside with dose reduction.
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The best candidates for lithium administration during a manic episode are patients
who have a “euphoric” elevation of mood (with no clear signs of irritability or mixed
state) and not very severe psychomotor agitation. If a subsequent episode occurs, it is
important to note whether a beneficial effect of lithium was reported in the previous
episode. Lithium monotherapy should not be considered in the case of a severe course
of the disease, frequent hospitalizations, and rapid cycling BD.

Lithium is a good choice for patients with hypomanic episodes occurring in
type 11 BD, where depressive episodes usually predominate. The use of lithium in
these patients can prevent depression, which can be of severe intensity and is often
accompanied by suicidal tendencies. In the treatment of hypomania, a lithium con-
centration of 0.6-0.8 mmol/l is sufficient and treatment can be started from a dose
of 750 mg/day.

The treatment of depression and the augmentation of antidepressant drugs

Lithium monotherapy is not recommended as the first-line treatment of a depressive
episode, especially in the course of recurrent depression. In bipolar depression, lithium
is rarely used as monotherapy, and is more frequently combined with lamotrigine or
quetiapine. However, an important application of lithium is for the augmentation of
antidepressant drugs in treatment-resistant depression, in the course of both BD and
recurrent depression. The augmentation of antidepressants by lithium can constitute
the second indication for lithium use, after the first indication of the prevention of
mood episodes. In our research, we demonstrated that a significant clinical ameliora-
tion, assessed after 28 days of lithium administration, takes place in at least a half of
the patients and is greater in depression in the course of BD than in unipolar disorder
and in patients with rapid improvement (within several days after lithium introduc-
tion) [53, 54].

When introducing lithium to potentiate the effect of antidepressants in treatment-
resistant depression, the desired drug concentration is 0.6-0.8 mmol/l and the drug
should be continued for four weeks. After that time, a clear improvement can be ex-
pected in at least 50% of patients. In about 1/4 of patients, the effect of lithium can be
observed very quickly, within a few days after initiating the administration of the drug.
If no significant improvement is observed within four weeks, lithium can be stopped.
However, if a good therapeutic effect is achieved, in order to prevent the recurrence
of depression, the drug should be continued for at least one year. [55]. Side effects are
rare; the most commonly encountered side effect is hand tremor. If lithium is added to
the SSRI drugs, the risk of serotonin syndrome is low. Lithium augmentation can be
successfully used in the elderly, where its efficacy can be even better in people over
65 years of age [56].

Lithium as an antisuicidal drug

One of the most valuable outcomes concerning the long-term use of lithium in
mood disorders is the prevention of suicidal behavior. The evidence has been accum-



Lithium treatment — the state of the art for 2020 1053

mulated that among mood-stabilizing drugs, the use of lithium results in the biggest
reduction of suicides and suicide attempts. As suicides are the most common cause of
death in people with mood disorders, this property of lithium significantly translates
into its beneficial clinical effect.

The antisuicidal effect of lithium was confirmed by the meta-analyses performed
in the 21st century. Baldessarini et al. [57] showed that the risk of committing suicide
was five times lower among patients taking lithium than those subjected to other forms
of treatment. Cipriani et al. [58] concluded that lithium was significantly better than
placebo in reducing the number of suicides and general mortality both in BD and in
unipolar depression, and was superior in this aspect to other mood-stabilizers and
antidepressants. The discontinuation of lithium significantly increases suicide risk.
According to German researchers, the anti-suicidal effect of lithium is not correlated
with the prophylaxis of mood recurrences, which points to the specificity of such an
effect in reference to lithium [59].

In the recent decade, reports appeared indicating an anti-suicidal effect of trace
levels of lithium contained in drinking water. A negative correlation between suicide
frequency and lithium concentration in drinking water was demonstrated in research
performed in Japan [60], Austria [61], the USA [62], and Greece [63]. In consequence,
it was proposed to treat lithium as an essential microelement and suggested to supple-
ment drinking water with lithium in areas with low levels.

It seems important to recommend considering using lithium in every patient with
an affective mood disorder where the risk of suicide is present. An assessment of
such risk factors should include, among others, family history of suicidal behavior,
the occurrence of suicidal behavior during the current course of the illness, and the
patient’s present life situation and clinical condition. In the case of patients whose
clinical course corresponds with the profile of excellent lithium responders, the use
of lithium in monotherapy is sufficient to prevent suicidal behavior. In other patients
with a high risk of suicidal behavior, lithium should be used as an essential component
of combined mood-stabilizing treatment.

The antiviral and immunomodulatory effects

The antiviral effect of lithium, especially against herpes viruses, has been known
for the past 40 years when British researchers showed that lithium inhibits the rep-
lication of the herpes virus (herpes simplex virus — HSV) in an experimental model
[64], and the observations of remission of labial herpes during lithium treatment were
published [65].

In 1991, the “Lithium” journal presented the results of a Polish-American ret-
rospective study of the occurrence of oral herpes in patients receiving lithium for
prophylactic purposes. The Polish population consisted of 69 patients receiving
lithium for an average of 8 years, wherein 28 patients had recurrent labial herpes.
In the course of lithium treatment, 13 patients (46%) experienced complete elimina-
tion of herpes recurrences, and in seven cases, the frequency of herpes recurrences
decreased. A better “anti-herpes” effect was observed in patients with serum lithium
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concentration over 0.65 mmol/l, and erythrocyte lithium concentration over 0.35
mmol/l. The American population consisted of two groups of 52 people, matched
by gender, age, and length of systematic drug treatment (on average 5 years). In the
first group of patients, with BD, lithium was administered, while the second group,
with recurrent depression, was given antidepressants. The frequency of recurrences
of oral herpes, compared to a 5-year period before the treatment, decreased in the
group receiving lithium by 73%, while there was no significant difference in the
group receiving antidepressants [66]. In the same year, in a study carried out jointly
with the Department of Dermatology, Medical Academy in Bydgoszcz, excellent
results of lithium succinate ointment were obtained in the topical treatment of herpes,
mainly labial [67].

Lithium also influences the hematological and immunological systems. The in-
crease in leukocytes in the course of lithium treatment was observed as early as 70
years ago [68]. This effect has been well known and clinically utilized. Lithium can
mitigate the immune-endocrine component of the pathogenesis of BD, such as acute-
phase reaction, production of pro-inflammatory cytokines, and excessive activation
of the hypothalamic-pituitary-adrenal axis [69]. Together with the Szczecin center, we
examined the impact of long-term lithium administration on very small embryonic-
like stem cells (VSELSs) and the mRNA expression of neuronal and glial markers, in
peripheral blood of BD patients with long duration of the illness. The obtained results
demonstrate that long-term lithium therapy can alleviate excessive regenerative and
inflammatory processes in BD [70].

The neuroprotective and “antidementia” effects

In the second decade of the 21st century, attention was turned to the neuroprotec-
tive and “antidementia” effects of lithium, which have been validated in experimental,
epidemiological, and clinical studies [71]. It was shown that lithium administration
causes an increase in cerebral grey matter volume, especially that of the prefrontal
cortex, anterior cingulate, and hippocampus. Such an effect was not demonstrated by
any other mood-stabilizing drug. In the IGSLI study, it was found that BD patients
receiving lithium had larger hippocampal volumes compared to non-lithium patients,
and similar hippocampal volumes to healthy controls [72].

Based on the assumption of the neuroprotective effects of lithium, suggestions
were put forward that lithium could protect against dementia. In population studies,
a relationship was observed between lithium treatment and dementia risk reduction
[73]. The analysis of the Danish National Prescription Registry showed that in BD
patients taking lithium for a long time, the rate of dementia was similar or lower than in
the general population, while this rate of dementia was significantly higher in patients
treated with anticonvulsant, antidepressive, and antipsychotic drugs [74]. In two stud-
ies, a negative correlation was demonstrated between lithium concentration in drinking
water and the frequency and severity of dementia [75, 76]. However, a meta-analysis
of trials on the therapeutic application of lithium in dementia suggested moderately
promising results of such a procedure [77].
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Biological mechanism of lithium action

The most important biochemical mechanisms of lithium action include the
inhibition of the glucogen synthase kinase-3beta (GSK-3p) enzyme and its effect
on the intracellular signaling processes, especially on the phosphatidylinositol (PI)
system [78].

GSK-3P regulates gene transcription, synaptic plasticity, apoptosis, cellular
structure, stress resilience and biological rthythms. The GSK-3p inhibition by lithium
plays a role in the mechanism of therapeutic action in mood disorders as well as in
neurodegenerative disorders since GSK-3f is also a key enzyme in the metabolism of
the amyloid precursor protein and the phosphorylation of the tau protein. The effect
of lithium on GSK-3 may also play a certain role in the formation of side effects, in
the kidney and thyroid among others, and be connected with the antisuicidal effect
of lithium [9].

Lithium inhibits inositol monophosphatase 1, a key enzyme of the PI system.
A British physiologist, Michael Berridge, advanced the inositol depletion hypothesis
as a mechanism of therapeutic action of lithium in BD [79]. Apart from the above-
mentioned monophosphatase, in the mechanism of lithium action, the inhibition of
protein kinase C (PKC) plays a role, as well as the inhibition of adenyl cyclase, which
converts adenosine triphosphate (ATP) into cyclic adenosine monophosphate (cAMP).
An important element of this system is the cAMP response element-binding protein
(CREB), the regulator of gene expression, which is activated by lithium.

In the mechanism of lithium action, its stimulatory action on the brain-derived
neurotrophic factor (BDNF) is also important. BDNF is necessary for the survival
and function of neurons and modulates the activity of such neurotransmitters like
glutamate, gamma-aminobutyric acid, dopamine, and serotonin. The disturbances of
the BDNF system are essential in the pathogenesis and treatment of mood disorders.
Low serum BDNF is regarded as a marker of late stage BD. In experimental studies,
it was found that lithium increases the expression of the BDNF gene in the rat’s brain,
and one of the mechanisms here is the activation of CREB. In clinical studies, it was
demonstrated that serum BDNF concentration is decreased during a manic or depres-
sive episode and increases with lithium treatment. The BDNF' gene polymorphism is
connected with lithium prophylactic efficacy [80].

Adbverse effects of lithium and their management

Gastrointestinal side effects, such as nausea and diarrhea, occur in 10-20% of
patients during the initial period of lithium use and usually disappear with further
treatment. Sometimes, the side effects may depend on the type of lithium preparation
used (standard or extended release). Weight gain is relatively frequent in the course of
treatment with lithium and affects about 25% of patients. In some women, this undesired
weight gain may be a reason to stop taking the medication. Therapy options include
diet, physical activity, and/or coadministration of topiramate. In extreme cases, it may
be necessary to switch from lithium to another mood-stabilizing drug.
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Tremor occurs in about 20% of patients treated with lithium and usually appears
in the initial period of its administration. It is a fine tremor of the upper limbs, occur-
ring in the form of an idiopathic or action tremor, for example, when pouring liquids.
The tremor caused by lithium is usuallly mild and often disappears when the dose
of the drug is reduced. However, if the reduction of the dose is not possible and this
symptom interferes with the daily activities of the patient, beta-adrenolytic drugs, such
as propranolol at a dose of 20-80 mg/day, can be used with good results.

Among the dermatological side effects of lithium, we can mention exacerbated acne
and psoriasis, as well as de novo occurrence of such disorders. Psoriasis of moderate to
severe intensity may be a contraindication to initiating lithium treatment. Dermatologi-
cal symptoms may be related to the concentration of lithium and therefore, an attempt
at dose reduction may be made. If the effects of lithium are good, drugs recommended
for these dermatological diseases can be used. Only in very severe cases, it may be
necessary to replace lithium with another mood-stabilizing drug.

The most common adverse effect of lithium with regard to the cardiovascular
system is non-specific changes in the repolarization period in ECG, without significant
clinical symptoms. However, cases of arrhythmia have been observed, of which sinus
bradyarrhythmia is the most common. In severe cases of arrhythmia, if lithium therapy
is necessary, cardiological treatment should be introduced [9].

Increased urination (polyuria), accompanied by increased thirst (polydipsia),
may occur in the first weeks of lithium administration. The reason for this is reduced
renal concentrating ability caused by lithium. In extreme cases, polyuria may reach
the severity of nephrogenic diabetes insipidus. This symptom is alleviated when
the dose is reduced or when amiloride is administered. Polyuria usually disappears
after lithium is discontinued and such a decision is usually made in the case of dia-
betes insipidus. Various degrees of reduced renal concentrating ability may persist
for many years during the long-term use of lithium. A genetic-molecular study
conducted in Poznan showed an association between this disorder and the GSK-3/5
gene polymorphism [81].

The most serious concern connected with kidneys is lithium-induced interstitial
nephropathy that can develop after 10-20 years of treatment, and leads to an increased
creatinine concentration and a decreased glomerular filtration rate (GFR). In a study
consisting of 80 patients with BD receiving lithium for 5-39 (on average 16) years,
we found values of GFR <60 ml/min/1,73% in 38% of males and 16% of females, and
urinary specific gravity of <1.005 in 21% of males and 14% of females [82]. The data
of 312 patients from 12 IGSLI centers, treated with lithium for 8-48 (on average 18)
years, were also analyzed. An average decrease of 0.9% in the GFR value was found
with each year of lithium administration. Risk factors for lowered GFR included
a longer duration of lithium treatment, a higher serum concentration of lithium, older
age, presence of comorbidities, and initiation of lithium treatment after the age of 40.
No person was found to have end-stage renal failure [83].

The ascertainment of kidney injury may result in a decision to discontinue lithium
and replace it with another mood-stabilizing drug. However, other mood-stabilizing
drugs, especially in excellent lithium responders, may not be effective, and the fur-
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ther course of the illness may be drug-resistant. In patients with lithium nephropathy,
the kidney function should be frequently monitored and, if progressive changes are
observed, the lithium dose should be reduced.

The most frequent thyroid adverse effects connected with lithium are goiter and
hypothyroidism. Lithium administration results in reduced production with release
inhibition of thyroid hormones. The symptoms of hypothyroidism usually appear at
the early stage of lithium treatment, and are more frequent in women and persons
with a family history of thyroid dysfunction. In our study of 98 BD patients receiving
lithium for at least three years (on average 19410 years), TSH concentration and thyroid
volume were significantly higher compared with 39 BD patients never treated with
lithium. However, the frequency of hypothyroidism was similar in both groups (24%
vs 18%) and 3-4-fold higher in women than in men, which may suggest that BD itself
may predispose to this disorder. All hypothyroid subjects were successfully treated
with thyroxine. The frequency of goiter in lithium-treated patients was similar in men
and women and no correlation was found between goiter and thyroid hormones [84].
A comparison of thyroid autoantibodies between lithium-treated and lithium-naive
patients revealed no significant differences [85].

Lithium can increase calcium reabsorption in the kidneys, stimulate parathormone
secretion, and cause a calcium-phosphate imbalance in the form of primary lithium-
induced hyperparathyroidism. In our study of 90 patients receiving lithium for 16+10
years, hypercalcemia was found in 10% and hyperparathyroidism in three of the
patients [86]. This indicates the advisability to monitor serum calcium levels in such
patients. In the case of lithium-induced hyperparathyroidism with significant clinical
symptoms, treatment is similar to that of primary hyperparathyroidism.

According to the opinion of some clinicians, lithium may exert an unfavourable ef-
fect on cognitive function. Conversely, experimental studies have pointed to a favorable
effect of lithium on these processes. Patients with BD may have cognitive dysfunction
of primary nature, intensified during the episodes of the illness, and treatment with
lithium does not cause significant changes here [87]. In our own studies, it has been
shown that the effect of lithium on cognitive functions is connected with the quality of
prophylactic efficacy. Non-responders to lithium had significantly worse performances
on the neuropsychological tests compared with good responders and the healthy con-
trols [88]. The results obtained by the excellent lithium responders were significantly
better that in the remaining lithium-treated patients and similar to healthy subjects.
Also, serum BDNF concentration in excellent responders was comparable to healthy
controls [89]. The favorable effect of lithium on cognitive functions can be associated
with its neuroprotective and antiherpes activity. In order to minimize possible negative
effects of lithium in susceptible persons, it is recommended to maintain serum lithium
concentration at the lowest effective level, i.e., 0.4-0.6 mmol/I [87].

The use of lithium in pregnancy and the perinatal period

In women with BD, there is an increased risk for a recurrence of illness during
pregnancy and for postnatal disturbances. Among the recommendations of the Polish
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Psychiatric Association regarding BD in women, a significant part relates to lithium.
In the period of pregnancy planning, it is advisable to obtain a several-month stabi-
lization of the psychiatric state and to establish treatment with one mood-stabilizing
drug (except for valproate and carbamazepine). Lithium can be a drug of first choice
here. Women taking lithium should continue the drug during pregnancy. In the first
trimester, the dose of lithium carbonate should be reduced to 500 mg/day. In the 2nd
and 3rd trimester, lithium should be given in divided doses to obtain a concentration
of about 0.6 mmol/l. The dose of lithium can be reduced for two weeks before deliv-
ery. Lithium given after delivery should reach a concentration of at least 0.6 mmol/Il.
Due to a high infant/ maternal ratio of serum drug concentration, breastfeeding is not
recommended. In exceptional cases, lithium should be given in divided doses, after
the breastfeeding session.

Lithium administration in pregnancy creates an efficient strategy to prevent post-
partum mood disorders. Therefore, in women with a history of such disturbances
who are not taking lithium during pregnancy, it is recommended to introduce lithium
immediately after the delivery. It is also possible to safely introduce lithium in the
final stage of pregnancy to prevent recurrences in the postnatal period. This measure
requires frequent monitoring of lithium concentration to protect the fetus from toxic
lithium levels [90].

Ultra — long-term lithium treatment — own experiences

The experiences with long-term lithium treatment exceed multiple times the
practices with any other mood-stabilizing drug. In 2016 we presented two men and
three women, aged 64-79 years, with a good response to the ultra-long-term lithium
treatment for more than 40 years. In 4 of the subjects, the serum lithium concentra-
tion was maintained in the range of 0.60-0.65mmol/l, and in the remaining subject,
the range was 0.7-0.8 mmol/l. Both males had impaired renal function but with no
progression in the last five years. One female suffered from Hashimoto’s disease and
was treated with levothyroxine. Serum calcium concentrations in all of the subjects
were normal. In the entire group, the cognitive functions were at the level of healthy
subjects with comparable age and education level. All patients were professionally
active until 55-65 years of age and their functioning in family and social roles was
proper. The initiation of lithium therapy usually occurred within the first three years
of the illness [91].

In the year 2020, a 79-year-old female patient was described who has been taking
lithium for 50 years. It was a period of her optimal functioning in terms of mental,
general and social health [92].

Underutilization of lithium

One of the reasons for the underutilization of lithium in mood disorders is the
introduction and active promotion of other mood-stabilizing drugs, both the 1st and
2nd generation. In this respect, lithium is an “orphan drug” that, due to the low cost
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of production, is not promoted by any pharmaceutical company. Another motive may
be the perception of lithium as a “toxic” drug due to its adverse effects, mainly on
thyroid, renal, and cognitive functions. This notion is common not only among doctors
of different specialties but also among some psychiatrists.

Insufficient usage of lithium can be reflected by the trends in the prescription of
mood-stabilizers in recent decades. They indicate a significant increase in the adminis-
tration of new mood-stabilizing drugs, while lithium usage has been on a similar level
or slightly decreased. A study performed in Poland showed that during 2004-2010, the
prescription of lithium in Poland rose insignificantly by 4%, whereas in 2011-2017
this increase amounted to 16%. However, in the second half of 2017, the prescriptions
of lithium were surpassed nearly 3-fold by valproate and about 2-fold by quetiapine,
olanzapine, and lamotrigine [93].

In 2018, the eminent specialist in the field of BD, Robert Post, deplored that
lithium is greatly underutilized in the USA, even more than in Europe. He pointed
to the multiple assets of lithium and argued that the fear of lithium adverse effects is
exaggerated [94]. In the same year, the author of this review published a paper titled
“Challenging the negative perception of lithium and optimizing its long-term adminis-
tration”, where he demonstrated the advantage of lithium over other mood-stabilizing
drugs, and described the benefits of long-term lithium therapy and the possibilities of
effective management of side effects [95]. In one of the latest editorials of the jour-
nal “Bipolar Disorders”, titled “Make lithium great again!”, the psychiatrists led by
the Chief Editor of the journal, Gin Malhi, call upon a better utilization of lithium’s
therapeutic potential and for more frequent use of the drug [96].

Lithium treatment in literature and art

Both the introduction of lithium into psychiatric treatment and its therapeutic
activity have been reflected in the works of literature and art. The prime initiator of
utilizing lithium in modern psychiatry, John Cade, attained in the 21st century a play,
a film, and two biographies. In 2003, a play entitled “Dr Cade” was staged in Sydney.
The script for the play was written by Neil Cole, former Minister of Justice in the state
of Victoria, Australia, who used lithium for therapeutic purposes in his own disorders.
In 2004, a documentary film was made, entitled “Troubled minds: The lithium revo-
lution” based on interviews with John Cade’s sons, patients, and other persons that
knew him. The film won the main prize at the International Vega Awards for popular
science content. A biography of Cade, titled “Finding sanity: John Cade, lithium and
the taming of bipolar disorder”, was written in 2017 by a psychiatrist from Sydney,
Greg De Moore, and a health sociologist from Melbourne, Ann Westmore. The sec-
ond biography of Cade, titled “Lithium: a doctor, a drug, and a breakthrough”, by
an American psychiatrist, Walter Brown, was published in 2019.

In the 1980s, lithium treatment was described by the Nobel Prize laureate in
medicine, Salvador Luria (1912-1991), in his book “A slot machine, a broken test
tube: An autobiography”, and by an outstanding actress, the youngest Oscar winner
in history, Patty Duke (1946-2016), in her autobiography ,,Call me Anna”. Eminent
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writers, including Jerzy Broszkiewicz (1922-1993), Ota Pawel (1930-1973), Robert
Lowell (1917-1977), and Jamie Lowe, the author of the book “Mental: Lithium, love
and losing my mind”, published in 2017, all received lithium treatment.

An exceptional personage in popularizing psychiatric knowledge in this respect
is Kay Redfield Jamison, currently a professor of psychology at the Johns Hopkins
University in Baltimore. She is the author of many books concerning BD. Together
with Frederick Goodwin, former head of the American National Institute of Mental
Health, she wrote a fundamental work entitled “Manic-depressive illness”. The first
edition of the book was published in 1990 and was unanimously recognized as the
bipolar affective disorder bible. The second edition was published in 2007 and
was titled ,,Manic-depressive illness. Bipolar disorders and recurrent depression”.
In 1996, in her book ,,An unquiet mind”, Kay Jamison described her own bipolar
illness and lithium treatment from the point of view of a distinguished profession-
alist, for the first time ever in the history of psychiatry. The Polish translation of
this book, titled “Niespokojny umyst”, has already accomplished two editions: in
2000 and 2018.

Concluding this topic, it should be stated that lithium treatment also became
an element of pop culture, as the word “lithium” was an inspiration for the titles of
the pieces of music of Kurt Cobain (1967-1994), the rock band “Evanescence”, and
Sting [97].
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