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ABSTRACT

Objectives: A narrative review of past, present, and future of lithium use in psychiatry.

Methods: The most important references on the topic were reviewed with special emphasis on the
author’s works.

Results: The history of medical and psychiatric use of lithium dates back to more than one and a half-
century ago. However, modern psychiatric history began with the publication of John Cade, in 1949,
showing a therapeutic effect of lithium in mania. Currently, lithium is a drug of choice as a mood-stabil-
izer for the maintenance treatment of the bipolar disorder. The second most important use of lithium is
probably augmentation of antidepressants in treatment-resistant depression. In addition to its mood-sta-
bilizing properties, lithium exerts anti-suicidal, immunomodulatory, and neuroprotective action. The drug
may protect against dementia and some promising effects of lithium in neurodegenerative disorders
have been observed.

Conclusion: Given the clinical and biological properties of lithium, this drug is presently greatly underutil-
ized in mood disorders. Therefore, the efforts should be undertaken for challenging a skepticism about
the use of lithium and optimizing its long-term administration. In such a way, more patients with mood
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disorders can become the benéeficiaries of lithium’s therapeutic action.

KEY POINTS

e Lithium is a drug of choice as a mood-stabiliser for the maintenance treatment of bipolar disorder.
e Augmentation of antidepressants by lithium is one of the best strategies in treatment-resist-

ant depression.

e Lithium exerts anti-suicidal, immunomodulatory, and neuroprotective action and may protect

against dementia.

e Despite the evidence for the efficacy and added favourable properties, lithium is greatly underutilised

in mood disorders.

e Challenging a scepticism about the use of lithium and optimising its long-term administration can
make more patients with mood disorders the beneficiaries of lithium'’s therapeutic action.

Historical introduction

The history of medical application of lithium dates back to 1859
when an English physician, Alfred Baring Garrod (1819-1907),
introduced lithium salts for the treatment of gout (Garrod 1859).
In 1871, an American neurologist, William Alexander Hammond
(1828-1900), used lithium bromide for the treatment of mania
(Hammond 1871) while in 1886, a Danish physician and scientist,
Carl Lange (1834-1900), based on the ‘uric acid diathesis’ theory
of depression, reported on his experiences with lithium carbonate
in the treatment and prophylaxis of periodic depression
(Lange 1886).

Modern employment of lithium in psychiatry started in 1949,
when an Australian psychiatrist, John Cade (1912-1980) described
the efficacy of lithium carbonate in the treatment of mania (Cade
1949). The first publication on lithium prophylactic effect in mood
disorders took place in the early 1960s (Hartigan 1963). This effect
has subsequently been validated and confirmed in many studies
and meta-analyses. Presently, the long-term lithium administration
for the prevention of manic and depressive recurrences makes

the most important recommendation for the use of this drug.
Therapeutic activity of lithium in depressive episodes in mood dis-
orders was also demonstrated in the 1970s, and in the early
1980s, the augmentation of the efficacy of antidepressants by lith-
ium was shown (De Montigny et al. 1981). Nowadays, this latter
therapeutic strategy employed in treatment-resistant depression
can be regarded as the second therapeutic indication for lithium.

Lithium in the treatment of acute episodes in
mood disorders

Lithium remains a valuable drug for the management of acute
manic and depressive episodes. Following Cade’s publication
describing the therapeutic action of lithium in ten manic patients,
this effect of lithium was demonstrated by Australian investigators
on a larger group of such subjects (Noack and Trautner 1951).
Several years later, Mogens Schou from Denmark confirmed the
antimanic effect of lithium, using a placebo-controlled design
(Schou et al. 1954). In the 21st century, several meta-analyses on
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the lithium efficacy in mania were performed. In the review of 12
controlled studies, Poolsup et al. (2000) showed a significantly
better efficacy of lithium compared with placebo and similar to
anticonvulsant drugs as carbamazepine and valproates. A com-
parison of the 3-week treatment of lithium and placebo in moder-
ate to severe manic episodes revealed a significantly better effect
of lithium with a relative risk of 0.40 (Storosum et al. 2007).
However, in a recent meta-analysis comparing many anti-manic
medications, lithium was outperformed by both haloperidol and
new antipsychotic drugs such as olanzapine and risperidone
(Cipriani et al. 2011).

Nowadays, the best candidates for lithium are patients with
hypomania, where lithium can be used as monotherapy, with a
concentration in the range of 0.6-0.8 mmol/I. In a manic episode,
lithium monotherapy is mostly indicated for patients with
‘euphoric’ mood elevation, without irritability of mixed features,
and moderate psychomotor hyperactivity. The concentration of
lithium for the treatment of manic episode should be in the range
of 0.8-1.2 mmol/I. For patients with severe bipolar illness, frequent
hospitalisations, and rapid cycling, lithium in mania is usually
combined with other mood-stabilizing drugs.

Antidepressant effects of lithium were reported in the 1970s
(Rybakowski et al. 1974; Mendels 1976). It was suggested that
such a response to lithium may be better in bipolar than unipolar
depression although generally weaker than tricyclic antidepres-
sants. Thereafter, the use of lithium for the treatment of bipolar
depression was recommended in several guidelines. However, it
seems that more important was a finding of Canadian psychia-
trists, demonstrating that in case of insufficient effect, adding lith-
ium to antidepressant drugs brings a substantial, and sometimes
very rapid, improvement of mood (De Montigny et al. 1981). This
heralded the era of using lithium for augmenting the efficacy of
antidepressant drugs. Rybakowski and Matkowski (1992) showed
that the addition of lithium to antidepressants results in a more
favourable outcome in depression in the course of bipolar dis-
order than in unipolar disorder. A review on this subject by the
German psychiatrists, also comparing the effect of lithium with a
placebo, demonstrated that lithium is an effective remedy aug-
menting the effect of antidepressant drugs in treatment-resistant
depression both bipolar and unipolar, and a successful outcome
may be expected in at least 50% of patients (Crossley and
Bauer 2007).

Given the increasing occurrence of treatment-resistant depres-
sion, a strategy of adding lithium to antidepressants can be con-
sidered as an important indication for lithium use. Lithium can be
safely added to various kinds of antidepressants (tricyclic, SSRI,
SNRI), obtaining a concentration of 0.6-0.8 mmol/I. In about '/ of
patients, a rapid response (within several days) is observed. The
associations of better outcomes with more severe depressive
symptomatology, significant weight loss, psychomotor retardation,
a history of more than three major depressive episodes and a
family history of major depression have been reported (Bauer
et al. 2014). Adli et al. (2007) suggested a predictive role of the
—50T/C single nucleotide polymorphism of the glycogen synthase
kinase 3 beta (GSK3p) gene in the probability of response to lith-
ium augmentation.

Lithium for 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. More
than half a century ago, a British psychiatrist, Geoffrey Hartigan,
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demonstrated that the administration of lithium for three years to
seven patients with bipolar disorder and eight with recurrent
depression resulted in a disappearing of illness’ recurrences in six
bipolar and six depressive patients (Hartigan 1963). A year later,
similar observations were made by the Danish psychiatrist, Paul
Christian Baastrup, (Baastrup 1964). And four years later, the paper
of the Danish psychiatrists appeared, summing up the experiences
of lithium administration for an average duration of six years to
88 patients with unipolar and bipolar mood disorder. The authors
showed that, while the average duration of mood disorders within
a year preceding lithium use was 13 weeks, it decreased on lith-
ium to two weeks, arguing that lithium may exert a favourable
prophylactic effect on the course of mood disorders (prophylactic
or mood-stabilizing effect) (Baastrup and Schou 1967). However,
next year, a backlash on the concept of lithium prophylaxis
appeared in Lancet where British researchers described prophylac-
tic lithium as ‘another therapeutic myth’ (Blackwell and
Shepherd 1968).

Publication of the results of eight controlled studies, including
the use of placebo performed in Europe (in Denmark and the UK)
and in the USA, researching the prophylactic effectiveness of lith-
ium, took place in 1970-1973. All patients studied, had, in the
period of the preceding 2 years, at least two recurrences of illness.
Analysis of all research showed that the percentage of patients in
whom recurrences of depression or mania occurred, was on aver-
age 30% while receiving lithium, and on average 70% while tak-
ing a placebo (Schou and Thompsen 1975). Following these
publications, the use of lithium for prophylaxis of mood disorders
had been flourishing, reaching its peak on 1980/1990.

Three meta-analyses of the 21st century have amply confirmed
the prophylactic effectiveness of lithium in bipolar disorder. The
first analysis performed by Geddes et al. (2004) including five
randomised controlled trials of total of 770 patients showed that
lithium was significantly more effective than a placebo in prevent-
ing all affective relapses, being slightly better against manic than
against depressive recurrences. In the second study, Nivoli et al.
(2010) analysed long-term controlled trials lasting at least half a
year, with 1561 patients, of whom 534 were receiving lithium.
They noticed that earlier research had suggested the nearly equal
effectiveness of lithium against both mania and depression, while
in more recent studies, lithium prophylaxis has been perceived as
more effective against manic than against depressive relapses.
The most recent meta-analysis was performed by Severus et al.
(2014). Including seven trials (1580 patients) comparing lithium
with placebo, the authors concluded that lithium was significantly
superior to placebo in preventing any mood episodes and manic
episodes. In some analyses, lithium was also better than a placebo
in preventing depressive episodes.

The term ‘excellent lithium responders’ was introduced by a
Canadian psychiatrist, Paul Grof (1999), for patients who on
monotherapy with lithium experienced a dramatic change in their
life as their mood episodes were completely prevented. To verify
this, we followed-up for ten years 60 patients who started lithium
prophylaxis in the 1970s, and 49 patients beginning this proced-
ure in the 1980s. Those without mood episodes during this period
(ER) made 35% of the first group and 27% of the second one,
roughly one-third of bipolar subjects treated longitudinally with
lithium (Rybakowski et al. 2001). Grof (2010) suggests that lithium
responders can be characterised by distinct mood episodes, with
full remissions between them, the absence of other psychiatric
morbidity and frequent history of bipolar illness in their families.
This may remind the aspects of the illness, defined by Emil
Kraepelin (1899) as ‘manisch-depressives Irresein’. Grof implies
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that the favourable reaction to lithium also occurs in the next
generation of lithium responders what was confirmed in a Polish
study (Kliwicki et al. 2014). Recent meta-analyses indicated that
the most favourable factors for lithium prophylaxis include epi-
sode sequence mania-depression-remission, later onset of the ill-
ness, non-rapid cycling course, and early implementation of
lithium (Hui et al. 2019). In the following years, a prospective
cohort study named the Response to Lithium Network (R-LINK)
aims to examine the early prediction of lithium response combin-
ing clinical syndrome subtyping with examinations of multi-modal
biosignatures (Scott et al. 2019).

The quality of prophylactic lithium response made a topic for
molecular-genetic studies. A review of genetic influences on the
efficacy of lithium prophylaxis was made by the author of this art-
icle. Using the ‘candidate gene’ approach, several genes were
found to be associated with prophylactic lithium response. They
have been those connected with neurotransmitters (serotonin
transporter, dopamine D1 receptor — DRD1) genes, second mes-
sengers (inositol polyphosphate 1-phosphatase - INPP1, cAMP
response element-binding protein — CREBT) genes, glycogen syn-
thase kinase 3-f (GSK-3f5) gene, brain-derived neurotrophic factor
(BDNF) gene, glucocorticoid receptor (NR3C1) gene, circadian
rhythms (Rev-Erba-x) gene, and genes located on chromosome
22qg11-13 (breakpoint cluster region — BCR, X-box binding protein
1 — XBP1, and the calcium channel gamma-2 subunit — CACNG2)
genes (Rybakowski 2013).

In 2009, an initiative of the National Institutes of Mental Health
and the International Group for the Study of Lithium-treated
Patients (IGSLI) resulted in the formation of the International
Consortium on Lithium Genetics (ConLiGen) (Schulze et al. 2010).
In 2013, the first report of the key phenotypic measures of the
‘Retrospective Criteria of Long-Term Treatment Response in
Research Subjects with Bipolar Disorder’ scale, known as the
Alda’s scale, used by ConLiGen was presented (Manchia et al.
2013). The first genome-wide association study (GWAS) of lithium
response, in which 2563 patients were included, coming from 22
participating sites of the ConLiGen, revealed a single locus of four
linked single nucleotide polymorphisms (SNPs) on chromosome
21 met genome-wide significance criteria for association with lith-
ium response. This region contains two genes for long, non-cod-
ing RNAs (IncRNAs) which are important regulators of gene
expression in the central nervous system (Hou et al. 2016).

Nowadays, lithium is regarded as a drug of the first choice for
long-term prevention of mood recurrences in bipolar disorders.
Most clinicians agree that the lithium concentration for prophylac-
tic purposes should be within the range of 0.6-0.8 mmol/I.
Kessing et al. (2018) analysed observational studies comparing
monotherapy with lithium and monotherapy with other mood
stabilisers. They found that prophylactic lithium monotherapy was
more effective, compared to monotherapy with such mood stabil-
isers as valproate, lamotrigine, olanzapine and quetiapine. Finnish
authors studied the comparative effectiveness of pharmacological
treatments in a nationwide cohort of patients with bipolar dis-
order and found that lithium was most effective in the prevention
of hospitalisation in such patients (Lahteenvuo et al. 2018).

As a proportion of excellent responders to monotherapy with
lithium is about 1/3, a majority of bipolar patients are treated
with combination therapy. Many studies have shown that a com-
bination of lithium with quetiapine, olanzapine and aripiprazole is
much better prophylactically that either of this drug alone
(Marcus et al. 2011; Katagiri et al. 2012; Suppes et al. 2013). In the
study of Altamura et al (2008), it was shown that the efficacy of

combined lithium and quetiapine doubles that of monotherapy
with each drug.

The seminal paper of Hartigan (1963) reported a good prophy-
lactic effect of lithium in recurrent depression. However, this indi-
cation for long-term lithium administration has been rather
neglected. A meta-analysis performed in 1991 showed a signifi-
cantly lower number of episodes in patients being on lithium
(average 30%) than those on a placebo (average 65%). In add-
ition, no difference as to the prophylactic effect between lithium
and antidepressant drugs was demonstrated (Souza and Goodwin
1991). The most recent analysis included five randomised con-
trolled studies comparing lithium and placebo and five such stud-
ies differentiating lithium and antidepressants. The prophylaxis
with lithium was significantly better than the placebo and insig-
nificantly so than antidepressants (Undurraga et al. 2019). Finnish
researchers assessed the risk of rehospitalization in 1996-2012 in
a cohort of 123,712 patients with severe recurrent depression.
Lithium administration 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). The reduced risk was even higher
when lithium was used as monotherapy (Tiihonen et al. 2017).

Adverse effects of long-term lithium treatment and
their management

The adverse effects of lithium perceived as posing a significant
challenge for its long-term administration include mostly kidney
and thyroid effects. Polyuria and polydipsia may occur within sev-
eral weeks of lithium treatment. The main reason is a decrease in
renal concentrating capacity caused by lithium. This side-effect
can alleviate after reducing lithium dose and disappears after lith-
ium discontinuation. However, with long-term lithium use, the
most serious concern is the possibility of lithium-induced intersti-
tial nephropathy. This complication can develop after 10-20years
of treatment and leads to increased creatinine concentration and
a decreased glomerular filtration rate (GFR). In a recent inter-
national study (12 participating centers), the data of 312 patients
with bipolar disorder, with the mean age of 56 (range 20-89)
years receiving lithium carbonate for 8-48 (mean 18) years were
analysed. Nearly 1/3 of subjects had the value of GFR <60 mL/
min/1.73 m?, more frequently after >15years of lithium adminis-
tration, and after 55years of age. However, no case of end-stage
renal failure was detected (Tondo et al. 2017).

In long-term lithium-treated patients with progressive renal
damage, discontinuation of lithium and replacing with other
mood-stabiliser can be considered. However, a decision about
stopping lithium should be taken with caution, especially in good
responders, since other mood stabiliser may not be equally effica-
cious. This may result in a high risk of relapse of the illness and a
further treatment-resistant course. In patients with lithium-
induced nephropathy, kidney function should be closely and fre-
quently monitored and some guidelines for managing such
patients were recently published (Severus and Bauer 2013).

The influence of lithium on the thyroid gland is also regarded
as important in long-term therapy with this drug. Lithium is accu-
mulated in the thyroid gland at 3 to 4-fold higher concentrations
as compared to its plasma levels. Its administration results in
reduced production with release inhibition of thyroid hormones,
altering the immune processes of this gland. The most common
thyroid side effects associated with long-term lithium treatment
are goitre and hypothyroidism. However, in bipolar disorder, the
thyroid function should be examined in the context of the role of



the thyroid gland, the hypothalamic-pituitary-thyroid axis, and
the thyroid autoimmunity in the pathophysiology of this illness. In
our recent study, the concentration of the thyroid-stimulating hor-
mone (TSH) and the volume of the thyroid gland were signifi-
cantly higher in bipolar patients receiving lithium compared with
such patients lithium-naive. However, the frequency of hypothy-
roidism in the course of the illness was similar in both groups,
higher in women than in men. In lithium-treated subjects, hypo-
thyroidism developed usually in the first years of lithium therapy,
and all hypothyroid subjects were successfully treated with levo-
thyroxine (Kraszewska et al. 2019a). In another study, no differ-
ence in thyroid autoantibodies was found between the two
groups (Kraszewska et al. 2019b).

A moderate cognitive impairment has also been perceived by
clinicians as connected with lithium treatment. However, since
patients with bipolar disorder present cognitive problems of mild
intensity across mood states, this should be taken into account
when assessing the lithium effect. A review of the effect of lith-
ium on cognitive functions was recently published (Rybakowski
2016). It seems that lithium treatment may not negatively affect
previously impaired cognitive functions in bipolar patients (Lopez-
Jaramillo et al. 2010). We correlated cognitive functions in lithium-
treated patients with a quality of lithium prophylactic effect.
Non-responders to lithium had significantly worse performance
on many domains of the Wisconsin Card Sorting Test, compared
to excellent and partial responders (Rybakowski et al. 2009). In
another study, using neuropsychological tests from a CANTAB
battery which measured spatial working memory and sustained
attention, we demonstrated that bipolar patients who are excel-
lent lithium responders have cognitive functions comparable to
those of matched control subjects, thereby probably constituting
a specific subgroup of bipolar patients in which long-term lithium
administration can produce complete normality in this respect
(Rybakowski and Suwalska 2010).

In women with bipolar disorder, there is an increased risk for a
recurrence of illness during pregnancy. Therefore, women with
the previous favourable effect of lithium should continue using
lithium during pregnancy. A recent meta-analysis included data
from pregnant women and their children from six international
cohorts based on the community (Denmark, Sweden and Canada)
and clinics (the Netherlands, UK and the USA), identifying 727 lith-
ium-exposed out of 22,124 eligible pregnancies. Lithium exposure
was not associated with any of the predefined pregnancy compli-
cations or delivery outcomes. Such an exposure during the first
trimester was associated with a 1.7-fold increased risk of major
malformations but for major cardiac malformations, the difference
was not significant. A 1.6-fold increased risk for neonatal readmis-
sion within 28 days of birth was also seen in the lithium-exposed
group (Munk-Olsen et al. 2018). It is recommended that in the
first trimester, the daily dose of lithium carbonate should not
exceed 500mg. Starting with the second trimester, there is a
necessity to increase the lithium dose. The dose of lithium should
be reduced or lithium temporarily stopped for one or two days
before expected delivery. Lithium is excreted in breast milk and
then in infants, the plasma levels may reach 30-50% of the
mother. Therefore, the mother should rather avoid breastfeeding
or reduce lithium dose and monitor closely the infant for any
signs of toxicity (Rybakowski et al. 2019).

Recently, we described five patients (two men and three
women, aged 64-79years) with a good response to the ultra-
long-term lithium treatment (40-45 years). Serum lithium in them
was in the range of 0.60-0.65 mmol/l, except for one male, having
0.7-0.8 mmol/l. Both males had impaired renal function with no
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progression in the last five years. One female suffered from
Hashimoto’s disease and was treated with levothyroxine. In all
patients, the cognition and professional activity were at the level
of healthy subjects with comparable age and education’s years.
Their functioning in family and social roles was good. The begin-
ning of lithium prophylaxis usually has been made within the first
three years of the illness. Thus, in patients with favourable
response to lithium, such a longitudinal administration of the
drug can produce a satisfactory performance in vocational and
psychosocial areas, and the management of potential adverse
effects can be adequate (Permoda-Osip et al. 2016).

Lithium as an antisuicidal drug

The antisuicidal effect of lithium can be a valuable asset of the
long-term treatment with this drug. The evidence that such treat-
ment can decrease mortality, primarily by preventing suicide, has
been accumulated since the early 1990s (Coppen et al. 1991). The
decade of the 1990s made the period of intensive studies on the
antisuicidal effect of lithium made by the researchers assembled
in the International Group for the Study of Lithium-treated
Patients (IGSLI). While analysing 827 patients with bipolar and
schizoaffective disorder given lithium treatment for more than six
months they observed that the mortality of these patients did not
differ significantly from that of the general population (Muller-
Oerlinghausen et al. 1992). In 471 patients, mortality and suicidal
behaviour were compared during the initial and later period of
lithium treatment. In the initial period, the mortality was twice
that of the general population, and suicides were 16-fold more
frequent. In the later period, both mortality and suicides were
similar to the general population. The authors concluded that the
full antisuicidal effect of lithium comes after two years of lithium
treatment (Muller-Oerlinghausen et al. 1994)

The antisuicidal effect of lithium was confirmed by the meta-
analyses performed in the 21st century. Harvard University group
included 45 papers containing data on suicides committed while
taking lithium (on average for 1.5years) and 34 papers registered
suicides of persons not receiving lithium, showed that the risk of
committing suicide was five times lower among patients taking
lithium than those subjected to other forms of treatment
(Baldessarini et al. 2006). A recent meta-analysis performed by
Cipriani et al. (2013) with 6674 patients concluded that lithium
was significantly better than a placebo in reducing the number of
suicides and deaths from any cause both in bipolar disorder and
recurrent depression and superior to other mood-stabilisers or
antidepressants.

Currently, the anti-suicidal effect of lithium in mood disorders is
well documented and it has been shown that it is significantly
greater than other mood-stabilizing drugs. While being on lithium
prevents suicide, its discontinuation significantly increases this risk.
The anti-suicidal effect is not correlated with the quality of preven-
tion of mood recurrences by lithium, which points to the specificity
of such an effect in reference to lithium (Lewitzka et al. 2015).

Given the evidence of the antisuicidal effect of lithium, it
seems reasonable to consider long-term lithium administration in
each patient with a mood disorder with a high suicidal risk. Such
a risk can be assessed according to appropriate guidelines (Costa
et al. 2015). In excellent lithium responders, lithium can be admin-
istered as monotherapy. In the remaining patients with a high
suicidal risk, lithium should be a component of combined mood-
stabilizing therapy.

Interestingly, in the recent decade, the antisuicidal effect of
lithium has also been demonstrated with trace levels of this drug.
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In studies performed in Japan, Austria, Greece and the USA, a
negative correlation between suicides and lithium concentrations
in drinking water was found (Ohgami et al. 2009; Kapusta et al.
2011; Bluml et al. 2013; Giotakos et al. 2013). These findings
prompted an idea of recognising lithium as being an essential
trace element for mental health. There have been also proposals
for lithium supplementation of drinking water in lithium-
deficient areas.

Antiviral and immunomodulatory properties of lithium

The antiviral and immunomodulatory properties of lithium have
been matters of increasing interest. Four decades ago, researchers
from the University of Birmingham showed that lithium in
5-30mmol/lI concentration inhibits replication of the herpes sim-
plex virus (Skinner et al. 1980). At that time, the descriptions of
labial herpes remissions while using lithium appeared (Lieb 1979;
Gitlin 2016). Labial herpes is caused by an infection of herpes sim-
plex virus type 1 (HSV-1) and occurs in approximately 1/3 of the
population, and its course is characterised by frequent recurrences.

Retrospective research of labial herpes in patients receiving
lithium for prophylactic purposes was carried out within a collab-
orative study of the Department of Adult Psychiatry, Poznan
University of Medical Sciences, and the Department of Psychiatry
of the University of Pennsylvania. In the Polish population of 28
persons with recurrent labial herpes, during lithium therapy, the
full cessation of recurrence of herpes occurred in 13 patients,
among 7 the frequency of recurrences decreased, among 6 it
remained at the same level and among 2 it increased. The general
decrease in recurrence frequency was 64%. The better effect was
observed in patients in whom lithium concentration in the serum
was higher than 0.65 mmol/l, and erythrocyte lithium concentra-
tion exceeded 0.35mmol/l. The American population comprised
of two groups, 52 persons in each, matched with regard to sex,
age and the duration of systematic pharmacological treatment. In
the first group, including mostly patients with bipolar disorder
treated with lithium, the frequency of labial herpes recurrences in
comparison with the 5-year period before the treatment
decreased by 73%. In the second group, including patients with
recurrent depression receiving antidepressant drugs, no significant
difference was observed (Rybakowski and Amsterdam 1991).

Lithium can also greatly influence the hematological and
immunological system. An increase of leukocytes by lithium treat-
ment was observed 70years ago (Radomski et al. 1950) and sub-
sequently confirmed in many studies. Such a property of lithium
made possible its therapeutic uses also beyond psychiatry (e.g., in
hematology) (Focosi et al. 2009).

It was also found that lithium can mitigate the immune-endo-
crine component of the pathogenesis of bipolar disorder, such as
acute-phase reaction, production of pro-inflammatory cytokines
and excessive activation of the hypothalamic-pituitary-adrenal
axis (Rybakowski 2000). The recent review of the anti-inflamma-
tory effect of lithium was done by Nassar and Azab (2014). We
examined the impact of long-term lithium administration on very
small embryonic-like stem cells (VSELs) and the mRNA expression
of pluripotency and glial markers, in peripheral blood. Our results
showed that lithium can alleviate excessive regenerative and
inflammatory processes in bipolar disorder (Ferensztajn-
Rochowiak et al. 2018).

Neuroprotective effect of lithium - a possibility of its
use in neurodegenerative disorders

The issue of a possible neuroprotective effect of lithium, and con-
sequently, its possible prophylactic and therapeutic effect in
dementia, made a fascinating area of research in recent years.
There is considerable evidence for lithium causing an increase in
cerebral grey matter volume both in healthy subjects and in
patients with bipolar disorders. This may reflect a neuroprotective
effect at a clinical level. Moore et al. (2000) first suggested a lith-
ium-induced increase in human brain grey matter. Following this,
the results of several confirmatory studies have been reported
and reviewed by Hajek and Weiner (2016). The brain structures
influenced by either short-term or long-term, lithium treatment
were the prefrontal cortex, anterior cingulate and hippocampus.
The most frequently reported pattern was larger grey matter vol-
umes in patients currently treated with lithium compared to those
currently not on lithium. The association between lithium treat-
ment and higher grey matter volume was reported regardless of
mood state and diagnostic subtype. In the IGSLI study, bipolar
patients receiving lithium had larger hippocampal volumes com-
pared to non-lithium patients, similar to healthy controls (Hajek
et al. 2014). Two studies comparing the effects of lithium with
those of anticonvulsants and antipsychotics, possessing mood-sta-
bilizing properties, found that lithium caused an increase in grey
matter volume of subgenual anterior cingulate, the hippocampu-
s—amygdala complex and the insula, what was associated with a
positive clinical response. Such an effect was not demonstrated
by any other treatment (Germana et al. 2010; Lyoo et al. 2010).

Corresponding with lithium neuroprotective effects, the sug-
gestions were advanced that lithium could protect against
dementia. The population studies have shown an association
between lithium treatment and dementia risk reduction or
reduced dementia severity (Donix and Bauer 2016). Using the
Danish nationwide register of lithium prescriptions, it was found
that in patients taking lithium for a long time, the rate of demen-
tia decreased to the same level as the rate for the general popula-
tion while in persons treated with anticonvulsant drugs, the risk
of dementia increased with the duration of treatment (Kessing
et al. 2008). Long-term treatment with lithium was also associated
with a reduced rate of dementia in patients with bipolar disorder,
in contrast to such treatment with anticonvulsants, antidepres-
sants and antipsychotics (Kessing et al. 2010).

Three studies on lithium treatment of Alzheimer’s disease (AD)
or mild cognitive impairment (MCI) were meta-analysed by
Matsunaga et al. (2015). The results of this analysis suggest some
benefit from lithium treatment. Of interest, one of these studies
(Nunes et al. 2013) evaluated the effect of a microdose of 300 ug
lithium, administered to AD patients once daily for 15months.
The treated group showed no decreased performance in the
mini-mental state examination test, in opposition to the lower
scores observed for the control group during this time. A possible
effect of trace doses of lithium has been recently proposed in a
Danish study of Kessing et al. (2017) showing a negative associ-
ation between the incidence of dementia and lithium concentra-
tion in drinking water. Concurring with this, a recent American
study demonstrated that changes in AD mortality were negatively
correlated with trace lithium in drinking water (Fajardo
et al. 2017).

There were also attempts to use lithium in other neurodege-
nerative disorders, based on promising experimental findings on
the animal models. However, the results of clinical studies were
not significant (Rybakowski et al. 2018).



Mechanisms of lithium action

It has been generally accepted that the most important biochemical
mechanisms of lithium action are connected with intracellular signal-
ling, especially, the phosphatidylinositol (Pl) system, and with the
inhibition by lithium of the glycogen synthase kinase-3beta (GSK-3f3)
(Brown and Tracy 2013). Lithium inhibits inositol monophosphatase-
1 which ameliorates inositol depletion-related mitochondrial dysfunc-
tion. Changes in Pl signalling measured as a spread of growth cones
were postulated to make a common effect of the first generation
mood stabilisers (lithium, valproate and carbamazepine) (Williams
et al. 2004). Lithium also influences the adenylyl cyclases which con-
vert ATP into cyclic adenosine monophosphate (cAMP), an element
of this system being the cAMP response element-binding protein
(CREB), the regulator of gene expression. Lithium inhibits another
component of intracellular signalling such as protein kinase C (PKC).
This mechanism of lithium is shared with another mood-stabilizing
drug, valproate, and made a basis to introduce PKC inhibitor, tam-
oxifen, to the treatment of mania (Palacios et al. 2019).

The evidence has accumulated using various experimental
models showing that lithium inhibits GSK-3 activity (Stambolic
et al. 1996). GSK-3B is a serine/threonine kinase that regulates
gene transcription, synaptic plasticity, apoptosis, cellular structure
and resilience and the circadian cycle, all of which are implicated
in the pathophysiology of mood disorders. Therefore, the GSK-3f3
inhibition by lithium can make an important mechanism of thera-
peutic action in these conditions (Jope 2011). GSK-3f is also a key
enzyme in the metabolism of amyloid precursor protein and the
phosphorylation of the tau protein, playing the main pathogen-
etic role in AD and its inhibition may underlie a favourable effect
of lithium in this illness (Morris and Berk 2016).

Many experimental and clinical studies demonstrated that lith-
ium can ameliorate and rectify circadian rhythm due to its effect
on the GSK-3f and Pl system and by modulating the expression of
certain clock genes. In our molecular-genetic study, we found an
association between the prophylactic effect of lithium and poly-
morphisms in the biological clock genes (Rybakowski et al. 2014).

Lithium exerts a stimulatory action on the brain-derived neuro-
trophic factor (BDNF), the most important member of the neuro-
trophin family, necessary for the survival and function of neurons.
BDNF modulates the activity of such neurotransmitters like glu-
tamate, gamma-aminobutyric acid, dopamine and serotonin. In
clinical studies, lithium treatment increases the blood level of
BDNF (Rybakowski 2014). The Val66Met polymorphism of the
BDNF gene was associated with cognitive functions in patients
with bipolar disorder (Rybakowski et al. 2006), and with prophy-
lactic lithium response (Rybakowski et al. 2005). Enhancing by lith-
ium the BDNF system plays a significant role in its pro-cognitive
and neuroprotective activity.

It has been also hypothesised that the antiviral effect of lith-
ium against herpes infections may be important for its pro-cogni-
tive action in bipolar disorder and both prophylactic and
therapeutic activity in dementia. Dickerson et al. (2004) demon-
strated that infection with HSV-1 was an independent predictor of
decreased cognitive functioning (mostly immediate verbal mem-
ory) in bipolar patients. Recently, Itzhaki (2018) reviewed the evi-
dence for a major role for HSV-1 in AD, and a possible anti-HSV-1
mechanism of lithium in its anti-dementia activity was proposed
(Rybakowski 2019).

Underutilisation of lithium

Despite the evidence of efficacy and beneficial clinical effects, it
looks like the use of lithium in the treatment of mood disorders is
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inadequate. One of the reasons may be the introduction and
active promotion of other mood-stabilizing drugs. These drugs
may be divided into first-generation mood stabilisers, introduced
between 1960 and 1970 (lithium, valproates and carbamazepine),
and second-generation mood stabilisers, introduced since the
second half of the 1990s, which include atypical antipsychotics
(clozapine, olanzapine, quetiapine, aripiprazole and risperidone)
and lamotrigine (Rybakowski 2007, 2018b). Another reason for the
limited use of lithium may be the perception of it as a ‘toxic’
drug due to its side effects, mainly on thyroid, renal and cognitive
functions. This perception is common not only among doctors of
different specialties but also among some psychiatrists.

Insufficient usage of lithium can be reflected by trends in the
prescription of mood-stabilisers in recent decades. Baldessarini
et al. (2007) evaluated prescriptions for a group of American
patients with bipolar disorder during 2002-2003. They found that
lithium was prescribed to 7% of such patients while mood-stabi-
lizing anticonvulsants to 17%, and antipsychotics to 11% of them.
Hayes et al. (2011) assessed prescribing patterns of antipsychotics
and mood stabilisers in primary care in bipolar patients in the
United Kingdom in 1995-2009. During this period, the use of lith-
ium increased from 22.5% to 29.3%, that of valproate from zero
to 22.7%, carbamazepine from 6.5% to 7.3%, lamotrigine from
zero to 6.2% and second-generation antipsychotics from zero to
35% (most frequently used were olanzapine — 18%, and quetia-
pine - 6%). Stephenson et al. (2013) analysed the trends in the
prescription of psychotropic medications in Australia from 2000 to
2011. In 2011, mood stabilisers such as lithium, valproate, carba-
mazepine and lamotrigine accounted for 5.8% of total psycho-
tropic defined daily doses. From 2000 to 2011, lithium
prescription remained stable while valproate and lamotrigine
markedly increased.

Among Scandinavian countries, the data for a group of Danish
patients with a diagnosis of mania or bipolar disorder during the
decade from 2000 to 2011, showed that one-year prescription
rate of lithium during this period decreased from 41.1% to 34%,
and, in 2011, this drug was exceeded by lamotrigine (increased
from 3.4% to 42.1%), and by quetiapine (increased from 0 to
39.5%). In the same period, the prescription of valproate increased
from 6.9% to 14.4%, olanzapine from 8.7% to 14.3%, and aripipra-
zole from 0 to 10.5% (Kessing et al. 2016). In Sweden, among
mood stabiliser prescriptions for bipolar disorder during
2007-2013, the lithium use decreased from 51% to 41%, with a
concomitant increase of lamotrigine (from 25% to 33%) and que-
tiapine (from 9% to 25%). The use of valproate decreased (from
18% to 14%) as well as that of olanzapine (from 21% to 17%)
(Karanti et al. 2016).

An attempt has also been made to study the prescription of
lithium in Poland, the home country of the author of this review.
During 2004-2010, the prescription of lithium in Poland rose by
4% while in 2010-2017, this increase amounted to 16%. However,
in the second half of 2017, the prescriptions of lithium for bipolar
disorder were surpassed 2.9-fold by valproate, 2.1-fold by quetia-
pine, 1.9-fold by olanzapine and 1.8-fold by lamotrigine
(Rybakowski and Checinska 2018).

Challenging the negative perception of lithium and
optimising its long-term administration

The eminent specialist on bipolar disorder, Robert Post (2018)
deplores that lithium is greatly underutilised in the USA. He
points to the multiple assets of lithium beyond its antimanic and
prophylactic effect, such as antidepressant action, suicide
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prevention, pro-cognitive and anti-dementia effects as well as
diminishing the frequency of a few medical conditions. He argues
that the fear of lithium side-effects such as progressive renal
impairment can be exaggerated and also points at the purpose-
fulness of the early start of the long-term prophylaxis with lithium
such as following the first episode of mania.

The title of this subchapter is that of a recent article written by
the author of this review (Rybakowski 2018). The main point is
that a sceptical perception of lithium as a first-line candidate for
the prophylaxis of bipolar disorder, made by many psychiatrists
can be challenged, based on the data showing its clinical efficacy
and the possibility of managing its main adverse effects. There
has also been a postulate to begin prophylaxis with lithium in the
initial stage of the illness. More than twenty years ago, Franchini
et al. (1999) showed that beginning lithium therapy within the
first ten years of illness predicts better outcomes of the prophy-
laxis. In addition, Kessing et al. (2014) demonstrated that starting
lithium treatment following the first manic episode is associated
with an increased probability of the good response. There has
also been data that such an approach can provide a favourable
influence on neuroprogression of the illness. Recently, it was
found that, after the first episode of mania, lithium was superior
to quetiapine in limiting white matter reduction and regulating
neural connection between the ventral striatum and the cerebel-
lum (Berk et al. 2017, Dandash et al. 2018).

Some other beneficial effects of lithium were described such
as enhancing bone mineral density (Zamani et al. 2009) reflecting
in reduced relative risk of fractures in lithium-treated patients
(Vestergaard et al. 2005). In addition, the suggestions have been
advanced that lithium treatment can lower cancer risk (Huang
et al. 2016).

Recently, recommendations concerning safe clinical use of lith-
ium were presented by the International Group for Studies of
Lithium (IGSLI) (Tondo et al. 2019). While lithium is an orphan
drug, without active support by any major pharmaceutical com-
pany, it only remains the sound scientific evidence that can pro-
mote the more extensive and long-term application of lithium in
mood disorders, and especially, bipolar disorder. A belief can be
expressed that this review may provide a small contribution to
this aim, providing more patients with mood disorders to become
the beneficiaries of lithium’s therapeutic action. It is also hoped
that the data on the neuroprotective effect can bring novel possi-
bilities for the therapeutic use of lithium.
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