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Abstract
Hypothyroidism, more commonly subclinical, appears a common abnormality, while the hypothalamic-pituitary-thyroid
(HPT) axis abnormalities are quite common among patients with bipolar disorder. On the other hand, lithium has been
used successfully in treating bipolar disorders, but lithium influence on the thyroid gland is one of the key side effects
in the long-term therapy. Lithium administration leads to a decrease of production and release of thyroid hormones,
which results in increased levels of thyroid stimulating factor (TSH), and excessive TSH response to stimulation with
TRH. Inhibition of thyroid hormone release, a process mediated by cyclic adenosine monophosphate, appears to be
the critical mechanism in the development of lithium-induced hypothyroidism. Lithium also inhibits thyroidal iodine
uptake and iodotyrosine coupling, alters thyroglobulin structure, and interferes with the deiodination of T4 to T3, by
inhibiting type-II deiodinase in the brain. Lithium may also demonstrate an immunostimulant effect, either by inducing,
or by exacerbating a preexisting autoimmune disease. Additionally, lithium alters cellular responsiveness to thyroxine,
and influences thyroid hormone receptor gene expression. Deficits in any one or more of these mechanisms may result
in reduced bioavailability of thyroid hormones at cerebral target regions despite normal peripheral serum levels of thyroid hormones. Rethinking lithium mechanisms of action, and especially lithium induced hypothyroidism, may help to
enhance our understanding of the thyroid-bipolar disorder connection. In the course of lithium therapy, excessive TSH
response to TRH occurs in at least 50% of bipolar patients. This “disordered” thyroid-hypothalamic-pituitary axis seems
to be temporary in most patients, which suggests that the axis is adjusting to the new «state» during therapy. Moreover,
rapid cycling bipolar disorder is associated with a latent hypofunction of the HPT system, which becomes manifest even
with short-term lithium challenge. Lithium-treatment exaggeration of TSH responses to TRH, indicate that lithium push
forward these patients in a temporary “more hypo-thyroid” status”. It is possible that the lithium induced ‘central hypothyroidism’ may enhance the HPT axis activation, resulting to the thyroid system re-activation, and to the thyroid hormones’
availability and effect re-adaptation. This compensatory process may results to the correction of a possible peripheral
resistance to thyroid hormones, as well as to the correction of an isolated CNS hypothyroidism. We may hypothesize that
these compensatory mechanisms, which operate to prevent the development of hypothyroidism or goiter, represent a
therapeutic process of lithium therapy in bipolar disorder, acting through a thyroid system resetting.
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The thyroid hormones
Thyroid hormones are made from the amino acid tyrosine.
T3 is the “active” version of the hormone. About one fifth of
the hormone produced by thyroid gland comes out as T3.
Cells in the brain, liver and some other organs take T4 from
the bloodstream and convert it to T3 by removing one of the
iodine atoms. The activity of specific thyroid hormone transporters, like monocarboxylate transporter, and the carrier
transthyretin, is involved in determining intracellular concentrations of thyroid hormones via mediating their cellular influx
and efflux [1]. Deiodinases control regional effectivity of T3 in
concert with other mechanisms [2], that is, the local distribution of the different nuclear thyroid hormone receptors TRα
and TRβ. As part of the nuclear superfamily of ligand-modulated transcription factors, thyroid hormones bind to nuclear
receptors [3], where they control, and usually increase, gene
expression influencing a broad array of metabolic processes
[4]. Genes that are regulated by thyroid hormones are known
to encode for proteins essential for important brain function
such as myelin and neurotrophines. Non-genomic actions
after binding to cytoplasmic thyroid hormone receptors include rapid activation of the phosphatidylinositol-3-protein
kinase pathway and thereby achievement of vasodilatory and
neuroprotective effects [5]. Thyroid hormone in general, regulates nuclear transcription of genes responsible for protein
synthesis, increases cellular metabolism and growth rates, facilitates mental processes, increases endocrine gland activity,
stimulates carbohydrate and fat metabolism, increases fatty
acids, and also increases heart rate, respiration and muscle action. In parallel, thyroid hormones decreases body weight, as
well as cholesterol, phospholipids, and triglycerides [4].

Thyroid hormones and affective disorders
Thyroid hormone receptors are widely distributed in the brain
with high concentrations in the cerebral cortex, hippocampus
and the amygdala, the latter being limbic structures that are
implicated in the pathogenesis of mood disorders [6]. The reg-

ulation of thyroid hormone homeostasis in the brain underlies
a complex interaction of different mechanisms, some of which
overlap with mechanisms involved in affect regulation. A lack of
thyroid hormones can lower the threshold for depression, while
an excess can contribute to a state of tense dysphoria. Thyroid
function in some persons also appears to influence the course of
affective disorders. Adequate mobilization of thyroid hormones
favors recovery from depression; excess mobilization increases
the risk of mania in vulnerable individuals [7]. Although other
mechanisms may be involved, evidence suggests that the modulation by thyroid hormones of the β-adrenergic receptor response to catecholamines may contribute to these effects. Norepinephrine stimulates such receptors and thyroid hormones
increase their ability to receive stimulation. The plausibility of
such interactions between catecholamines and thyroid hormones occurring in the CNS is strengthened by their common
origin in the amino acid tyrosine and by their synergism in many
metabolic processes [8]. Interactions of the thyroid and neurotransmitter systems, primarily norepinephrine and serotonin,
which are generally believed to have a major role in the regulation of mood and behavior, contributes also to the mechanism
of action in the developing and mature brain. In particular, there
is robust evidence from animal research that thyroid hormones
have a modulatory effect leading to an increase in serotonergic
neurotransmission. Thyroid hormones also interact with other
neurotransmitter systems involved in mood regulation, including dopamine postreceptor and signal-transducing processes,
as well as gene regulatory mechanisms [9, 10].
Overt psychiatric disorder occurs in no more than 10% of
the thyroid disordered patients [11]. The most common psychiatric symptoms related to hypothyroidism are depression
and cognitive dysfunction [12], with possible underlying
mechanism the dysregulation of CNS catecholamine receptor sensitivity or the disruption of circadian rhythms [13]. On
the other hand, hyperthyroidism or thyrotoxicosis is usually
associated with symptoms such as anxiety, depression, mood
lability, and insomnia. Overt hyperthyroidism prevalence is
no greater than 2% in bipolar patients [14], while much of this
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has been attributed to lithium [15], which can induce thyrotoxicosis by autoimmune mechanisms or thyroiditis [16]. In
addition, mixed affective states have been associated with reduced thyroid functioning [7] and a higher rate of positive anti-thyroid antibody titres, than other unipolar or bipolar subgroups, apparently unrelated to lithium treatment, although
not all studies confirm this association [17].
The hypothesis that interactions between thyroid and neurotransmitter systems may have a causal role in the pathophysiology of mood disorders was originally proposed by Whybrow
and Prange (1981) [8]. They suggested that the antidepressant
properties of T3 could be explained by its augmentation of postsynaptic beta-adrenergic activity. Hypothyroidism was, thus, believed to cause depression by producing a functional decrease in
noradrenergic transmission. The role of several neurotransmitter
systems including norepinephrine (NE), serotonin (5-HT), dopamine (DA), and gamma aminobutyric acid (GABA) in the pathogenesis of mood disorders is now well established [18, 19, 20].
Interactions between thyroid hormones and these neurotransmitter systems may not only account for the psychiatric symptoms accompanying thyroid disease, but also for the hypothalamic-pituitary-thyroid (HPT) dysfunction in mood disorders, and
the therapeutic actions of thyroid hormones in mood disorders
[21]. The interactions between thyroid and neurotransmitter systems are often complex and reciprocal. NE stimulates both TRH
and TSH release, while 5-HT, DA, and GABA inhibit their release
[22, 23]. Evidence about the effect of thyroid hormones on neurotransmitters is mostly derived from animal studies. Such evidence principally consists of altered responsiveness of NE, 5-HT,
DA, and GABA systems in the adult/mature brain, resulting from
experimentally induced hypothyroid or hyperthyroid states [24].

The hypothalamic-pituitary-thyroid axis in
affective disorders
The features of thyroid dysfunction in affective disorders have
been indicated for many years. The activity of the thyroid gland

and hypothalamic-pituitary-thyroid (HPT) axis seems to be important for the pathophysiology, clinical course and treatment
of bipolar disorder. The most common abnormalities include
features of subclinical or clinical hypothyroidism, with associated lower levels of thyroxine [25], and elevated levels of thyrotropin (thyreotropic stimulating hormone-TSH) [26].
The TSH is the most widely used test for detecting HPT
dysfunction response to an intravenous dose of TSH. The response is usually exaggerated in hypothyroidism and blunted in hyperthyroidism. A blunted TSH response occurs in
25–30% of patients with unipolar major depression, in the
form of decreased pituitary TSH secretion [27], and is far
more common among patients with bipolar disorder, including those with mania, bipolar depression, and rapid cycling
disorder [28, 29]. Moreover, the severity of mood symptoms
and milder fluctuations in these symptoms has been found
to correlate with blunted TSH responses to TRH [30]. However, many patients with bipolar disorder show an exaggerated
response of TSH to TRH [31], along with elevated basal levels
of TSH, especially in patients with rapid cycling, and this finding is consistent with the high prevalence of subclinical hypothyroidism often found in this condition [32]. All categories
of HPT axis dysfunctions have been reported in rapid cycling
bipolar patients, like overt hypothyroidism [33], elevated TSH
levels [34], exaggerated TSH responses to TRH [35], elevated
antibody titres [36], and antidepressant-induced rapid cycling [37], although a number of studies have been unable to
document this association [38, 39]. Methodological problems
such as retrospective designs, lack of controls, predominance
of female subjects, and varying definitions of hypothyroidism
have all hindered any consistent conclusions from these data
[40]. Hypothyroidism in the course of bipolar disorder is a risk
factor for the development of rapid cycling bipolar disorder
and a relative thyroid hormone deficiency in bipolar disorder patients predisposes to rapid cycling course. Moreover,
in many cases, thyroid abnormalities reveal shortly after the
start of lithium treatment [41].
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Lithium in affective disorders
Lithium is the lightest alkali metal and a monovalent cation.
Lithium shares some properties with sodium, potassium, and
calcium. Substitution or competition with other cations may
contribute to its effects and many other factors may influence
lithium levels. Lithium displaces magnesium ions and inhibits
at least 10 cellular targets, all of which are components of intracellular signalling pathways. Lithium reduces 5-HT2 receptor
function in mouse [42] and in humans [43], and this may be
linked to lithium’s antidepressant action. This action seem to be
mediated by the prefrontal cortex [44], which is believed to be
the target of lithium in the treatment of bipolar disorder [45]. In
general, lithium affects cell function via its inhibitory action on
adenosine triphosphatase (ATPase) activity, cyclic adenosine
monophosphate (cAMP), and intracellular enzymes. The inhibitory effect of lithium on inositol phospholipid metabolism affects signal transduction and may account for part of the action
of the cation in manic depression. Lithium also alters the in vitro response of cultured cells to thyrotropin-releasing hormone
(TRH) and can stimulate DNA synthesis. Based in the indications that both mania and bipolar depression are characterized
by elevations of intracellular sodium concentrations, Huang et
al (2007) [46] suggested that lithium can normalize abnormally
elevated intracellular sodium levels and this may be an important mechanism of lithium action. Reduction of sodium influx
is a proposed shared mechanism of action of effective mood
stabilizers, but direct documentation of this effect for lithium
has never been demonstrated [47].
Multiple interactions and overlapping systems are involved
in regulating mood and the chronic administration of therapeutic doses of lithium affects the function of second messenger generating systems [48]. The initial studies of molecular
targets for lithium action were based on the assumption that
this simple cation can interfere with transporting systems for
sodium and potassium in the plasma membranes of neurons
and alter the propagation of electrical signals, while some
studies indicated that the lithium inhibition of the counter-

transport mechanism may be significant clinically and relevant to the lithium therapeutic action [49]. Alterations in
neurotransmitter systems, such as noradrenaline, dopamine,
glutamate, and serotonin have been noted in patient brains,
as well as in animal models. These are closely connected with
changes in corresponding signalling systems in membranes,
the activities of the enzymes involved and the production of
second messengers. In fact, lithium has been found to alter
the brain cAMP level, cAMP-mediated processes in the CNS,
and fluoride stimulated adenylyl cyclase activity [50]. In addition, the allosteric modulation of some proteins including G
proteins has been suggested as the mechanism of the longterm prophylactic efficacy of lithium [48].
The theory that lithium ions might exert their therapeutically relevant effect at the site of the inositol-lipid signalling
pathway has been widely discussed. The hypothesis has been
postulated that the stimulated turnover of phosphatidylinositol-4,5-bisphosphate (PIP2) reflects the increased receptor activation in pathogenic neurons. Berridge et al (1989)
[51], suggested the “inositol depletion hypothesis”, based
on a presumption that in parts of the brain where receptors
are overstimulated and PIP2 hydrolysis thus occurs, lithium
inhibits the dephosphorylation of inositol-1-phosphatase.
Lithium has been shown to decrease the level of neuronal
inositol through the inhibition of inositol monophosphatase
(IMPase), which converts myo-inositol monophosphates to
myo-inositol, to reconstitute the membrane phospholipids,
PIP2 pool. Eventually, the latter generates the Ca2+-mobilizing
second messenger D-myo-Inositol-1,4,5-trisphosphate (InsP3)
and diacylglycerol (DAG). The lithium-induced inositol depletion, and the consequent disturbance of the Ca2+ signaling
operation, showed to affect the behavior of neurons in culture, impairing neurotransmission and altering growth cone
and the cytoskeleton [51, 52].
Mood stabilizers lithium and valproic acid, used for treating
bipolar disorder, cause cellular inositol depletion, which has
been proposed as a therapeutic mechanism of action of both
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drugs. As glycogen synthase kinase-3α (GSK-3α) inhibition
has been proposed as a likely therapeutic mechanism of action, the finding that inhibition of inositol synthesis results in
the inactivation of GSK-3α suggests a unifying hypothesis for
mechanism of mood-stabilizing drugs. Inositol is an essential
metabolite that serves as a precursor for inositol lipids and inositol phosphates. Ye & Greenberg (2015) [53] reported that inhibition of the rate-limiting enzyme of inositol synthesis leads
to the inactivation of GSK-3α by increasing inhibitory phosphorylation of this kinase. These findings have implications for the
therapeutic mechanisms of mood stabilizers and suggest that
inositol synthesis and GSK 3α activity are intrinsically related.
Lithium also affects some enzymes involved in energy metabolism, such as hexokinase, pyruvate kinase, cholinesterase,
tryptophan hydroxylase, and glycogen synthetase [54]. Plenge
(1985) [55] proposed the theory that lithium inhibits enzymes
which have essential cofactor cations, such as Na+, K+, Ca2+,
Mg2+, and Zn2+ by displacement of these cations from the
enzyme. Lithium moves into the site vacated by the Mg2+
and the resulting enzyme-phosphate-lithium complex is very
stable and in this conformation it cannot hydrolyse a further
substrate molecule. Lithium competes for a magnesium binding site in inositol polyphosphate 1-phosphatase, glycogen
synthase kinase-3, fructose 1,6-bisphosphatase, bisphosphate
nucleotidase, and phosphoglucomutase [56].

Lithium and thyroid axis
Lithium treatment seems to contribute to the development of
hypothyroidism among patients with rapid cycling [4]. Low or
normal T4 levels and elevated TSH levels are reported among
5 to 35% (average of about 25%) patients on lithium [57]. The
investigators hypothesized that rapid cycling bipolar disorder is
associated with a latent hypofunction of the HPT system, which
becomes manifest even with short-term lithium challenge. A
latent hypofunction of the thyroid axis in rapid cycling bipolar
disorder may also explain why high doses of T4 added to the established treatment with lithium and other psychotropic drugs

can reverse the rapid cycling pattern [11]. Gyulai et al. (2003) [4]
found that patients with rapid cycling did not differ from controls on any of thyroid function tests prior to treatment with lithium, but after 4 weeks of lithium-treatment, exaggerated TSH
responses to TRH were significantly more common among such
patients. The authors proposed that rapid cycling is associated
with a latent hypofunction of the HPT system, which becomes
manifest with lithium treatment. Given lithium’s antithyroid actions, it is not surprising that an exaggerated TSH response to
TRH stimulation is extremely common and has been reported in
50–100% of lithium-treated patients [58]. In addition, evidence
of overt or subclinical hypothyroidism, including raised antibody
titres, has often been found among patients with bipolar disorder, prior to treatment with lithium [59]. In summary, it appears
that at least in a subgroup of patients with bipolar disorder, treatment with lithium, rather than inducing hypothyroidism, actually exacerbates a preexisting (overt) HPT dysfunction [15].

Lithium and thyroid antibodies
Disturbances of the immune system may be important for
the pathogenesis of bipolar disorder. This was reflected as an
increased incidence of thyroid antibodies (anti-TPO) in patients with bipolar disorder, compared with the control population [59]. Studies are similarly inconsistent as to whether
thyroid antibodies are elevated in bipolar disorder, unrelated to lithium-treatment; reported rates range from 0 to 43%
among patients with bipolar disorder not on lithium. Some
controlled comparisons have reported a higher prevalence of
thyroid antibodies in bipolar disorder, especially in depressed
and mixed states [60], and rapid cycling bipolar patients [36].
Kupka et al (2002) [59] found thyroperoxidase antibodies in
64 of 226 (28%) outpatients with bipolar disorder, a rate higher than general population subjects and patients with other
psychiatric disorders, while the presence of anti-thyroid antibodies among patients with bipolar disorder was associated
with thyroid failure, but not with age, gender, mood state,
rapid cycling, or lithium exposure.
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However, other controlled studies have not been able to
find a higher prevalence of raised antibody tires in bipolar
disorder, unrelated to lithium treatment, and the authors suggested that autoimmune thyroiditis, with elevated levels of
antibodies as a marker, should be considered as an endophenotype for bipolar disorder and should be associated with a
genetic susceptibility to the development of the disease [60,
61, 62]. Significantly higher titers of anti-TPO has been found
in daughters of parents with bipolar disorder, compared to
control girls of high school age and young adults. Thus, the
offspring of patients suffering from bipolar disorder was more
susceptible to the development of thyroid autoimmunity, regardless of their susceptibility to the development of mental
disorders [47, 63]. Finally, several studies of patients on lithium
have found an elevated rate of anti-thyroid antibodies, ranging from about 8 to 49% in such patients; these rates were
significantly higher than those among control patients or the
general population [64]. However, an almost equal number of
studies have failed to find an association between elevated
antibody titres and exposure to lithium [65].
Despite some evidence suggesting that the increase in titers
of thyroid antibodies could be stimulated by lithium, and that
there may be a risk factor for the development of hypothyroidism during treatment with lithium, there is no particular reason
for monitoring these antibodies during therapy with lithium.
Many patients with positive anti-TPO antibodies remain in euthyroid state, on the other hand, the absence of these antibodies does not preclude the development of hypothyroidism or
hyperthyroidism during treatment with lithium [47].

The lithium anti-thyroid effect
The influence of lithium on the thyroid gland is one of the most
important side-effect of long-term therapy with this drug. The anti-thyroid effects of lithium carbonate are well documented [58,
66] and include goitre, hypothyroidism, hyperthyroidism and autoimmune thyroiditis. In a meta-analysis of the potential toxicity
of long-term use of lithium, it has been found that lithium caus-

es a five-fold increased risk of hypothyroidism [67]. Goiter, due to
increased thyrotropin (TSH) after inhibition of thyroid hormone
release, occurs at various reported incidence rates and is smooth
and nontender. Cross-sectional studies of lithium-induced goitre reveal a prevalence of 0 to 60% [58]. Prevalence estimates are
much higher (30–59%) when more sensitive ultrasonographic
scans are used to detect increases in thyroid volumes [15]. As already mentioned, lithium therapy is associated with exaggerated
response of both TSH and prolactin to TRH in 50%-100% of patients, although basal levels are not usually high. It is probable that
the hypothalamic pituitary axis adjusts to a new setting in patients
receiving lithium [58]. Subclinical and clinical hypothyroidism due
to lithium is associated with circulating anti-thyroid peroxidase
(TPO) antibodies but may occur in their absence. Iodine exposure,
dietary goitrogens, and immunogenetic background may all contribute to the occurrence of goiter and hypothyroidism during
long-term lithium therapy [64].
Rates of overt hypothyroidism vary from 0 to 47% (average of
about 10%) among patients on long-term treatment with lithium [15, 68]. Differences in study design, definitions of hypothyroidism, age, gender, and geographical origin of patients,
are often responsible for such wide variations in rates. Nevertheless, both the incidence and prevalence of overt hypothyroidism is significantly higher among patients on lithium,
compared to general population figures [15]. The average
duration of lithium therapy before the diagnosis of hypothyroidism is around 18 months, though there are a few reports
of hypothyroidism occurring within the first few months of
lithium-treatment [68, 69]. Female gender, middle age (>50
years), preexisting autoimmunity, and family history of thyroid diseases are established risk factors for lithium-induced
hypothyroidism [70]. An even larger number of patients appear to develop subclinical hypothyroidism. Low or normal T4
levels and elevated TSH levels are reported among 5 to 35%
(average of about 25%) patients on lithium [57], while exaggerated TSH responses are found among 50%, or more, of
such patients. Hyperthyroidism in the course of lithium therapy is rare, but occurs more often than in the general popu-
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lation. Treatment of patients with hyperthyroidism associated
with lithium is dependent on the mechanism of its development. Usually, treatment with antithyroid drugs such as carbimazol alone or in combination with corticosteroids brings
the best results. Toxic nodular goiter may require surgical intervention, particularly if there are symptoms of constriction
in the neck [71].
Hypothyroidism and clinically and/or ultrasonographically
detected goiter are the most prevalent thyroid abnormalities
among patients on long term lithium therapy, while lithium
induced hyperthyroidism is very infrequent. Lithium affects
normal thyroid functioning through multiple mechanisms.
Lithium is concentrated by the thyroid and inhibits thyroidal iodine uptake, inhibits iodotyrosine coupling, alters thyroglobulin structure, and inhibits thyroid hormone secretion.
The mechanism of goiter formation has been explained by
the inhibition by lithium of the synthesis and release of thyroid hormones, resulting in an increase of TSH level, leading
to enlargement of the gland. At the cellular level, it decreases
thyroid hormone synthesis and release. It also decreases peripheral deiodination of tetraiodothyronine (T4) or thyroxine
by decreasing the activity of type I 5’ de-iodinase enzyme.
Other proposed mechanisms of the proliferation of thyrocytes
in patients treated with lithium is an activation of tyrosine kinase by lithium ion, and lithium effects on intracellular signaling connected with adenylate cyclase and Wnt/ beta-catenin
[72]. In addition, lithium increases the propensity to thyroid
autoimmunity in susceptible individuals due to its effect of
augmenting the activity of B lymphocytes and reducing the
ratio of circulating suppressor to cytotoxic T cells [73]. Lithium affects cell function via its inhibitory action on adenosine
triphosphatase (ATPase) activity, cyclic adenosine monophosphate (cAMP), and intracellular enzymes. The inhibitory effect
of lithium on inositol phospholipid metabolism affects signal
transduction and may account for part of the action of the
cation in manic depression. Lithium also alters the in vitro
response of cultured cells to thyrotropin-releasing hormone
(TRH) and can stimulate DNA synthesis [72].

Thyroid hormone replacement therapy
For many years, thyroid hormones have been used for augmentation of antidepressants in treatment-resistant depression both in the course of unipolar and bipolar illness. Debate
continues as to whether to use T3, T4, or T3/T4 combination
for mood purposes. Results of studies in which triiodothyronine (T3) was added in a dose of 25-50μg/d have showed a
significant efficacy of such procedure. Noteworthy is also the
effective use of mega-doses of thyroxine (T4), up to 400 μg/d,
in refractory depression and in rapid cycling bipolar illness
[74]. Among patients with bipolar disorder, supraphysiological doses of T4 have been used to supplement prophylactic
efficacy of mood stabilizing treatments and to augment antidepressant treatment in patients with treatment-refractory
bipolar depression [75]. The mechanisms underlying successful treatment with adjunctive T4 are as yet unclear. Earlier, it
was suggested that adjunctive T4 counteracts the effects of
subclinical hypothyroidism on neuronal adaptation [74].
However, contrary to this notion, most patients who responded
had normal thyroid functions. This has led to several alternative
hypotheses, such as correction of peripheral resistance to thyroid
hormones, correction of isolated CNS hypothyroidism, and positive modulation of cathecholaminergic systems by T4, being responsible for this beneficial effect (Bauer et al, 1998, 2005). Bauer
et al (2005) [76] found that treatment with supraphysiologic doses
of L-T4 decreased relative activity in the subgenual cingulate cortex, thalamus, amygdala, hippocampus, dorsal and ventral striatum, and the cerebellar vermis. The decrease in relative activity in
the latter brain regions was significantly correlated with reduction
in depression scores. In a recent research, Bauer et al (2016) [77]
assessed with PET cerebral glucose metabolism in depressive patients with bipolar disorder, before and after 6 weeks of treatment
with levothyroxine (L-T4), and they found activation in the bilateral
thalamus, amygdala, hippocampus, dorsal striatum and ventral
striatum, and midline cerebellar vermis and subgenual cingulate
cortex. The findings provided evidence that administration of supraphysiologic thyroid hormone improves depressive symptoms in
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patients with bipolar disorder by modulating function in components of the anterior limbic network.
In depression, higher baseline concentration of thyroxine
(T4) is associated with better effect of antidepressant drugs,
and higher concentrations of T3 predisposed to a greater
likelihood of recurrence of depression during initial few years
of lithium treatment [47]. On the other hand, lower levels of
free T4 were associated with a greater number of affective episodes and higher severity of depression during the first year
of treatment with lithium. Patients treated with lithium who
required intervention during an episode of depression had
significantly higher level of TSH, compared to patients treated
with lithium, who did not require intervention during depressive episode [47, 69, 78]. Current practice guidelines do not
specify criteria for managing thyroid replacement therapy in
patients with lithium-induced hypothyroidism. Usually the
form that is used as a mood stabilizer is T4. By contrast, T3 is
usually used as an “add-on” to antidepressants, because some
research has shown it can boost the antidepressant’s effects.
In the presence of elevated TSH levels without clinical signs of
hypothyroidism, some authorities advise monitoring serum
TSH levels every 3 months without intervening with adjunctive thyroxine, unless TSH levels rise above 10 mU/L. Others
advocate thyroid supplementation whenever TSH levels rise
above normal, particularly in the presence of affective symptoms. T4 is generally preferred to T3 because the former tends
to produce steadier hormone levels. Typically, thyroxine (T4)
is begun at .025 mg, and increased by .025 mg every 3 to 6
weeks until TSH levels have normalized. In the presence of
rapid cycling or persistent affective symptoms, thyroxine is increased until the serum T4 level is in the upper quartile of the
normal reference range. Lithium-induced thyroid dysfunction has occasionally been shown to remain normalized after
stopping T4 following 1-2 years of thyroid supplementation.
Long-term or indefinite adjunctive treatment with thyroxine
carries arrhythmogenic potential, as well as an increased risk
for bone demineralization , requiring medical monitoring of
patients at risk [79].

Summarizing, patients with lithium-induced goiter should be
treated in a similar manner to other patients who developed
goiter. Because levothyroxine may protect against the development of the goiter, and as previously mentioned, it may improve
the effectiveness of treatment, it is reasonable to give it to patients
with significant enlargement of the thyroid gland, especially if it is
associated with symptoms of neck constriction. Bauer et al (2007)
[79] argue that levothyroxine should be considered, if thyroid size
exceeds the norm. Other authors recommend goiter treatment
in order to prevent the development of nodules and autonomous regions, while some other authors suggest levothyroxine
prophylaxis in all patients treated with lithium, if they come from
iodine-deficient areas [80, 81]. The indications for supplementation of levothyroxine include: overt hypothyroidism, a significant
enlargement of the gland, clear evidence suggesting subclinical
hypothyroidism, rapid cycling bipolar disorder and poor efficacy
of lithium [70]. It is recommended to start supplementation with
low doses of levothyroxine (25-75 mg/d) if TSH>10mu/l, but it can
be also performed with lower TSH values. During administration
of levothyroxine, lithium therapy should not be interrupted and
the dose of lithium changed unless serum concentration of lithium is beyond the therapeutic range [57]. During levothyroxine
replacement therapy, the dose should be adjusted allowing not to
suppress totally the secretion of TSH, and fT3 and fT4 levels (especially fT3) should be maintained within normal limits. Levothyroxine therapy is not effective in patients with goiter of long duration,
where fibrotic changes have developed. If such treatment does
not reduce the size of goiter, or symptoms of constriction are overwhelming, a surgery should be performed [47].

Can we hypothesize that the lithium induced
hypothyroidism represents a therapeutic
process of lithium therapy in bipolar disorder?
Approximately 10% of bipolar patients, with no evidence of
thyroid dysfunction before lithium therapy, had elevated TSH
basic values, while in the course of lithium therapy, excessive
TSH response to TRH occurs in at least 50% of bipolar patients.
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The disordered thyroid-hypothalamic-pituitary axis seems to be
temporary in most patients, which suggests that the axis is adjusting to the new «state» during therapy [47]. In addition, lithium effect on the concentration of antithyroid antibodies leads
to a faster autoimmunization of thyroid that can cause goiter
and hypothyroidism, but hyperthyroidism is also possible. Baseline thyroid function tests should be measured prior to starting
lithium therapy to ensure that undetected hypothyroidism is
not contributing to mood symptoms. Pertinent thyroid function
tests include TSH and free T4 levels, as well as antiperoxidase and
antithyroglobulin in the presence of an elevated TSH. Subsequent monitoring of thyroid function tests is usually conducted
3 months after starting lithium and every 6-12 months thereafter. Lithium-induced hypothyroidism is usually reversible upon
cessation of lithium, and the development of hypothyroidism is
not a contraindication to continuing lithium, although, some experts advocate thyroid augmentation therapy [47].
The mechanisms by which lithium can cause hypothyroidism are complex. As already analyzed, inhibition of thyroid
hormone release, a process mediated by cyclic adenosine
monophosphate, appears to be the critical mechanism in the
development of lithium-induced hypothyroidism. Also, lithium is concentrated by the thyroid gland and inhibits thyroidal iodine uptake. It also inhibits iodotyrosine coupling, alters
thyroglobulin structure, and interferes with the deiodination
of T4 to T3 by inhibiting type-II deiodinase in the brain [58].
Lithium may also demonstrate an immunostimulant effect,
either by inducing, or by exacerbating a preexisting autoimmune disease. Additionally, lithium alters cellular responsiveness to thyroxine, and influences thyroid hormone receptor
gene expression [82]. Deficits in any one, or several, of these
mechanisms may result in reduced bioavailability of thyroid
hormones at cerebral target regions despite normal peripheral serum levels of thyroid hormones. This condition has
been conceptualized as ‘central hypothyroidism’ [47]. Compensation for this putative ‘central hypothyroidism’ might
be one reason why a proportion of euthyroid depressed patients benefit from administration of supraphysiologic doses

of L-T4. Mice suffering from central hypothyroidism caused
by a mutation of the TRα1 gene [83], showed reduced neuronal density, resulting in reduced cortical thickness in the
hippocampal CA1 region [84]. Behaviorally, these mice show
increases in surrogate animal markers for depression and anxiety, as well as an increased startle response. Both the behavioral and neural density measures normalized with thyroid
hormone administration [85]. Compensatory mechanisms
may operate to prevent the development of hypothyroidism
or goitre in the majority of patients with lithium-induced impairments in thyroxine secretion. However, when additional
risk factors such as iodine deficiency, preexisting autoimmunity, or genetic vulnerability are present, such compensatory
mechanisms fail and hypothyroidism eventually ensues [15].
At the moment, the fine details of the pharmacological and
toxicological mechanisms of the effects of lithium remain poorly understood [50, 86, 87]. Various studies suggest that some
harmful effects of lithium could be related to oxidative stress
[47, 88], whereas at therapeutic concentration lithium was
found to confer protection against toxic stimuli inducing oxidative stress and apoptosis [89, 90, 90, 91]. Even in trace amounts,
as occurs in drinking water, lithium has been inversely related
to suicidal mortality, aggression and homicidal violence [92, 93,
94]. It has been found also that chronic administration of lithium significantly changes the expression of a number of genes
in rat brains [95, 96]. Lithium responders seem to have some
genes different from healthy controls and patients with bipolar
disorder who respond well to lithium prophylaxis may constitute a biologically distinct subgroup [97, 98, 99].
Rethinking lithium mechanisms of action, and especially
lithium positive and side-effects in thyroid gland, may help
to enhance our understanding of the thyroid-bipolar disorder
connection and to identify those patients with bipolar disorders who are most likely to benefit from therapeutic manipulations of the HPT axis. As mentioned above, the disordered
thyroid-hypothalamic-pituitary axis seems to be temporary
in most patients, which suggests that the axis is adjusting to
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the new «state» during therapy [47]. Also, the TSH response is
usually exaggerated in hypothyroidism and blunted in hyperthyroidism. A blunted TSH response occurs in 25–30% of patients with unipolar major depression, [27], but many patients
with bipolar disorder show an exaggerated response of TSH
to TRH, along with elevated basal levels of TSH, especially in
patients with rapid cycling, a finding consistent with the high
prevalence of subclinical hypothyroidism often found in this
condition [32]. Hypothyroidism in the course of bipolar disorder is a risk factor for the development of rapid cycling bipolar
disorder and a relative thyroid hormone deficiency in bipolar
disorder patients predisposes to rapid cycling course, while in
many cases, thyroid abnormalities reveal shortly after the start
of lithium treatment [41]. Rapid cycling bipolar disorder is associated with a latent hypofunction of the HPT system, which
becomes manifest even with short-term lithium challenge.
Lithium-treatment exaggerates TSH responses to TRH, which
indicate that lithium seems like to push forward these patients
in a temporary “more hypo-thyroid” status”. It is possible that
this lithium induced ‘central hypothyroidism’, by the reduced
bioavailability of thyroid hormones at cerebral target regions,
may provoke a secondary activation of the HPT axis, in order
the thyroid system to be re-activated and re-arranged.
Finally, T4 added to the established treatment with lithium
and other psychotropic drugs can reverse the rapid cycling
pattern [11]. Possibly T4 counteracts the effects of subclinical
hypothyroidism on neuronal adaptation [74], through the correction of peripheral resistance to thyroid hormones and the
correction of isolated CNS hypothyroidism [76]. The dose of T4
should be adjusted allowing not to suppress totally the secretion of TSH, and fT3 and fT4 levels, while lithium-induced thyroid dysfunction has been shown to remain normalized after
stopping T4 following 1-2 years of thyroid supplementation.
It may occur a hypothalamic pituitary axis “adjustment to a
new setting” in patients receiving lithium [58, 100]. It is possible also that lithium effect is synergistic with that of T4, which
has been also used as a mood stabilizer. In this frame, lithium
induced “hypothyroidism” may help to rearrange and normal-

ize thyroid hormone secretion. It is possible that the lithium
induced ‘central hypothyroidism’ may enhance the HPT axis
activation, resulting to the thyroid system re-activation, and
to the thyroid hormones’ availability and effect re-adaptation.
This compensatory process may results to the correction of a
possible peripheral resistance to thyroid hormones, as well as
to the correction of an isolated CNS hypothyroidism. We can
hypothesize that these compensatory mechanisms, which operate to prevent the development of hypothyroidism or goiter,
represents a therapeutic process of lithium therapy in bipolar
disorder, acting through an adaptive thyroid system resetting.
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