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Abstract Lithium has been a gold standard in the treat-

ment of bipolar disorder (BD) for several decades. Despite

a general reduction in the use of lithium over the past

several years, it is effective in the management of both

manic and depressive episodes in BD and continues to be

recommended as a first-line mood stabilizer. This review

provides an overview of the pharmacology of lithium and

highlights its clinical profile in the management of BD,

focusing on the potential advantages of prolonged-release

(PR) versus immediate-release (IR) formulations of

lithium. A literature search using PubMed was performed

to identify articles describing IR and PR lithium in BD

using specific search terms like ‘lithium’, ‘prolonged-re-

lease’, ‘sustained-release’, ‘extended-release’, ‘bipolar

disorder’, ‘adherence’ and ‘compliance’. Relevant phar-

macodynamic and pharmacokinetic data were also inclu-

ded. Several clinical trials suggested that lithium is

effective in the treatment of acute mania and prophylaxis

of BD and reduces the risk of suicide in patients with BD; it

may also be used in combination with other drugs in the

treatment of bipolar depression. Treatment with lithium

must be monitored to avoid lithium-associated toxicity.

The prolonged PR formulation of lithium has several

advantages including consistent serum lithium concentra-

tions, fewer adverse events and improved adherence to

therapy. Although direct comparative studies between PR

and IR formulations of lithium are primarily limited to

pharmacokinetic studies, PR formulation of lithium pro-

vides potential advantages over IR formulation and can be

effectively used in the management of BD with lesser

adverse events.

Key Points

Lithium is considered as a gold standard therapy for

bipolar disorder; it is used as a first-line therapy in

the prophylaxis and treatment of acute mania and

depression, and is effective in reducing the risk of

suicide in patients with bipolar disorder

Treatment with lithium must be monitored to avoid

the adverse events associated with the therapy;

prolonged-release lithium formulations have an

advantage of providing more consistent serum

concentrations leading to fewer adverse events and

convenience of dosage regimen with improved

adherence to therapy, and can be effectively used in

treatment of bipolar disorder

1 Introduction

Bipolar disorder (BD) is a chronic, recurrent mood disorder

that typically develops in early adulthood and is associated

with substantial morbidity and mortality [1, 2]. It can be

further classified into bipolar I disorder, comprising full-

blown manic or mixed episodes, usually accompanied by
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major depression, and bipolar II disorder, which is char-

acterized by major depression and at least one episode of

hypomania (a milder form of mania) [3]. In addition, rapid-

cycling BD, which can come and go, is a severe form of the

condition characterized by four or more mood disorder

episodes (major depression, mania, hypomania or mixed

states involving symptoms of both mania and depression)

during the previous year [3, 4]. Symptoms of BD are severe

and include unusual shifts in mood, energy, activity levels

and the ability to carry out activities of daily living [4].

Manic episodes may involve an overly happy or outgoing

mood, extreme irritability and behavioural changes, such as

talking very quickly, switching from one idea to another,

being easily distracted and requiring little sleep. Depressive

episodes may involve an overly long period of feeling sad

or hopeless, as well as behavioural changes such as tired-

ness, difficulty concentrating and making decisions, and

suicidal thoughts [4].

BD is not only disabling, affecting daily functioning and

potentially leading to loss of employment [5–7], it is also

relatively common and has a high rate of co-morbid

medical illness that increases mortality [1, 2, 4, 8]. It

affects 2.4 % of the global population and is the fourth

leading cause of disability and death in10–24-year-olds in

the world [9, 10]. In the US, the lifetime prevalence of

bipolar I or II disorder is estimated at 3.9 % [2]. Data from

Sweden show about a 2–2.5-fold increase in mortality

among individuals with BD [8, 11]. Suicide contributed to

this statistic, but half of the excess deaths resulted from

natural causes [8].

Treatment of BD needs to be individualized and

includes pharmacological agents as well as psychosocial

interventions [4, 12]. Pharmacological treatment options to

control symptoms and/or prevent illness recurrence in the

management of BD include lithium, anticonvulsants (e.g.,

valproate, lamotrigine, carbamazepine), atypical antipsy-

chotics (e.g., olanzapine, aripiprazole, quetiapine, risperi-

done, ziprasidone), and in some cases antidepressants (e.g.,

fluoxetine, paroxetine, sertraline, bupropion), although the

latter may increase the risk of manic or hypomanic epi-

sodes, especially if antidepressants are used alone [4, 12].

Combination therapy is often used in clinical practice [13],

especially for patients with an inadequate response to

monotherapy. First-line pharmacotherapy for BD is usually

a mood stabilizer (i.e., lithium or an anticonvulsant, such as

valproate) [4, 12, 14]. However, there are often differences

between guidelines with respect to recommended treatment

algorithms for BD and other psychiatric conditions [15].

Nevertheless, and despite a general reduction in lithium use

over several years, lithium continues to be recommended as

a first-line mood stabilizer [14, 15].

Lithium has been a widely used therapy for BD for

several decades and is effective in the management of both

manic and depressive episodes [4, 16, 17]. While at present

there is a lack of detailed information/studies on the pro-

longed-release (PR) lithium preparation, it appears that this

formulation of lithium may provide several potential

advantages over the immediate-release (IR) formulations.

The objective of this review is to provide an overview of

the pharmacology of lithium and review its clinical profile

in the management of BD, focusing on the potential

advantages of PR versus IR formulations of lithium.

A literature search was performed to identify articles

describing lithium and its use in BD. Relevant medical

literature on lithium (IR and PR formulations) was identi-

fied by searching PubMed, bibliographies from published

literature and websites (searches last updated 17 July

2015). Additional information was also included from

relevant papers known to the authors. Search terms inclu-

ded ‘lithium’, ‘prolonged-release’, ‘sustained-release’,

‘extended-release’, ‘bipolar disorder’, ‘adherence’ and

‘compliance’. Clinical trial selection included studies in

patients with BD who received lithium (IR or PR formu-

lations). Where data permitted, studies using PR formula-

tions were preferred, as were well designed comparative

trials with appropriate statistical methodology and recent

meta-analyses. Relevant pharmacodynamic and pharma-

cokinetic data were also included.

2 Overview of Pharmacology of Lithium

Lithium is a mood-stabilizing agent that is used in the

management of acute manic or hypomanic episodes and in

the prophylaxis against bipolar affective disorders [18].

Additional therapeutic indications may also apply,

depending on the country and specific lithium product;

therefore, local prescribing information should always be

consulted. Lithium is an alkali metal available for medical

use as lithium carbonate or lithium citrate. Despite lithium

being available for about 60 years in clinical practice, its

mechanism of action is not well understood because it acts

at a number of targets and across a range of neurotrans-

mitter and non-transmitter systems [19]. Around the

synapse, lithium modulates neurotransmitter receptor-me-

diated processes, and modifies the production and turnover

of certain neurotransmitters, particularly dopamine, gluta-

mate and GABA [19]. Other pharmacodynamic effects of

lithium, including a reduction in thyroid activity, modifi-

cation of serum electrolyte concentrations (e.g., calcium,

magnesium) and modest impairment of cognitive function

(e.g., vigilance, alertness, learning and short-term mem-

ory), may lead to adverse events in patients with BD who

receive lithium [20–22] (see Sect. 4). Lithium has a narrow

therapeutic window and therefore requires therapeutic drug

monitoring (see Sect. 5).
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The pharmacokinetic properties of lithium have been

reviewed in some detail [21]. The oral bioavailability of

lithium is *80–100 %. It is mainly absorbed through the

stomach and is extensively excreted in urine [23, 24]. In

general, concomitant ingestion of food tends to increase

lithium absorption. IR formulations of lithium are rapidly

absorbed and achieve peak serum concentrations

(Cmax) * 1–2 h after oral administration (tmax). In contrast,

tmax values for PR formulations of lithium are *4–5 h. The

serum lithium concentration peak:trough ratio is*1.9 for IR

formulations compared with *1.6 for PR formulations.

Despite the somewhat blunted (i.e., lower and less pro-

nounced) Cmax with lithium PR versus IR formulations (peak

plasma concentrations of the PR formulation are 30–50 %

lower than for IR formulations), the area under the serum

concentration–time curve (AUC) values for comparable

dosage regimens at steady state are generally similar. Thus,

PR formulations provide more stable, consistent serum drug

concentrations than IR formulations, but overall exposure is

essentially equivalent over the dosage interval and with long-

term administration [21].While themovement of lithium ions

across the blood–brain barrier is slow and a relatively small

amount of circulating lithium reaches the brain, the levels of

lithium that cross the blood–brain barrier are directly pro-

portional to plasma levels of lithium [25]. However, there is

accumulation of lithium in the brain with prolonged treatment

and the plasma measurements poorly represent actual brain

lithium concentrations over time [26]. Some lithium-related

adverse events appear to be related to the rate of increase in

serum lithium concentrations, suggesting that the slower rate

of increase with PR formulations should provide a tolerability

advantage over IR formulations (see Sect. 4).

The volume of distribution of lithium is *0.7–1.0 L/kg

and serum protein binding is thought to be negligible at

therapeutic concentrations [27]. Lithium does not undergo

hepatic metabolism and is almost exclusively eliminated by

the kidneys as a free ion. The terminal elimination half-life

(t�b) is *18–36 h in individuals with normal renal func-

tion; the t�b generally lengthens as the duration of therapy

increases [27]. There are a number of clinically significant

drug interactions with lithium, the most important of which

are those that increase its retention in the body and lead to

lithium toxicity (e.g., thiazide and loop diuretics, non-

steroidal anti-inflammatory drugs [NSAIDs] and angio-

tensin converting enzyme [ACE] inhibitors) [21, 22, 28].

3 Efficacy of Lithium in Bipolar Disorder

3.1 Efficacy in Acute Mania

Several trials determined the effect of treatment with

lithium in the management of acute mania. Twelve

randomized controlled trials of 3–4 weeks’ duration with a

total of 658 patients reported overall response rate ratios of

1.95 [95 % confidence interval (CI) 1.17–3.23] for lithium

versus placebo and 1.96 (95 % CI 1.02–3.77) for lithium

versus chlorpromazine [29]. Response rates were not sig-

nificantly different for comparisons between lithium and

carbamazepine or valproate, and the clinical trial evidence

suggested that lithium should remain the first-line treat-

ment for acute mania [29]. However, these studies had

important deficiencies in terms of study design or outcomes

reported (e.g., did not report efficacy in terms of currently

recognized scoring systems or response rates) [29].

Two well designed trials provide the most rigorous

scientific data demonstrating the superiority of lithium

monotherapy to placebo in acute mania [30, 31]. Both were

three-arm studies that also involved an active comparator,

one being divalproex sodium [30] and the other being

quetiapine [31]. Assessment of efficacy [response rate or

reduction (i.e., improvement) in Young Mania Rating Scale

(YMRS) score] was after 3 [30, 31] and/or 12 weeks of

treatment [31]. In terms of reducing symptoms of acute

mania, lithium and divalproex sodium monotherapy were

superior to placebo in the earlier trial [30], and lithium and

quetiapine monotherapy were superior to placebo in the

more recent study [31] (Table 1). However, it should be

noted that the earlier trial included a relatively small

number of lithium recipients, and a high proportion of

patients in all three groups (48–61 %) did not complete the

3-week study, primarily because of lack of efficacy [30].

Also, compared with placebo, lithium was associated with

a statistically significant improvement in Mania Rating

Scale score at day 10, but the between-group difference did

not achieve statistical significance at the end of the 3-week

study period [30]. Other data supporting results of these

studies include a three-arm trial in bipolar I patients

showing that mean YMRS score reductions were signifi-

cantly greater with lithium than with topiramate or placebo

[32], a meta-analysis demonstrating the efficacy of lithium

in short-term trials in patients with moderate to severe

manic episodes [33], and relatively small trials showing

generally similar results between patients receiving lithium

and those treated with various active comparators

[31, 34, 35].

Lithium has also been evaluated as part of combination

therapy (e.g., with risperidone, olanzapine or quetiapine) in

the management of acute manic or mixed episodes, but

findings from these trials are difficult to interpret because

no distinction was made between mood stabilizers (i.e.,

lithium and valproate), which were evaluated as a single

group [36–38]. However, data are available from a recent,

randomized, double-blind trial in 356 bipolar I patients

with acute mania who were randomized to receive lithium

(n = 173) or placebo (n = 182) as add-on therapy to
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quetiapine extended-release (XR) for 6 weeks [39]. For the

primary endpoint of change in the YMRS total score from

baseline to week 6, lithium was shown to be superior to

placebo, with a between-group difference of -2.69

(p\ 0.001; Table 1).

3.2 Efficacy in the Prophylaxis of Bipolar Disorder

Although early trials with lithium as maintenance therapy

for the prophylaxis of BD also had significant design flaws,

data are available from three well designed randomized,

placebo-controlled, three-arm trials (active comparators

were divalproex sodium in one trial [40] and lamotrigine in

the other two [41, 42]) of 12–18 months’ duration. Lithium

and lamotrigine were superior to placebo for the prevention

of relapse or recurrence of mood episodes requiring inter-

vention (pharmacotherapy or electroconvulsive therapy) in

bipolar I disorder patients with recent manic or hypomanic

episodes [42] or with a recent major depressive episode

[41] (Table 2). The difference between lithium and lam-

otrigine was not statistically significant for this outcome in

either trial. In both studies, lithium was also statistically

superior to placebo for prolonging the time to a manic or

hypomanic episode, and lamotrigine was statistically

superior to placebo for prolonging the time to a depressive

episode [41, 42]. The study comparing lithium, divalproex

sodium and placebo did not show statistically significant

differences between the three groups for the primary out-

come (time to intervention for any mood episode) [40]

(Table 2). Various explanations have been suggested for

the non-discriminant outcome of the trial, including a

possible bias in the selection of patients, as well as the

number and lack of homogeneity of previous and con-

comitant treatments permitted in the study [40].

Another randomized open-label trial (BALANCE

[Lithium plus valproate combination therapy versus

monotherapy for relapse prevention in bipolar I disorder])

compared the efficacy of lithium carbonate and valproate

semisodium either alone or as combination therapy in the

prevention of relapse in bipolar I disorder [43]. The results

of this trial indicated that the lithium plus valproate com-

bination therapy was more effective in preventing the

relapse of bipolar I disorder compared with valproate

monotherapy, and that lithium monotherapy was slightly

superior compared with valproate monotherapy. The haz-

ard ratio for the time to new intervention for an emerging

mood episode was significantly lower in the combination

group compared with valproate monotherapy (0.59, 95 %

CI 0.42–0.83; p = 0.0023), but was not lower for lithium

monotherapy (0.82, 95 % CI 0.58–1.17; p = 0.27). It was

further observed that the hazard ratio for lithium

monotherapy was significantly lower than valproate

monotherapy (0.71, 95 % CI 0.51–1.00; p = 0.0472).

Additional data demonstrating the efficacy of lithium for

maintenance treatment are available from a large

(n = 1172) randomized, double-blind trial in patients with

bipolar I disorder and a current or recent manic, depressive

or mixed episode that was treated with quetiapine for

4–24 weeks [44]. Patients who were stabilized were then

randomized to continue quetiapine or switch to lithium or

placebo for up to 2 years. The time to recurrence of any

mood event was significantly (p\ 0.0001) longer for

quetiapine and lithium than placebo. Quetiapine and

lithium also significantly increased time to recurrence of

Table 1 Results of key randomized, double-blind, placebo-controlled trials with lithium in patients with acute mania

Study (duration) Treatment

(no. of patients)

YMRS score

change from BLa
YMRS response

(% of patients with C50 %

reduction from BL)

Monotherapy

Bowden et al. [30] (3 weeks) Lithium (36) -10 (27)b 49c*

Divalproex sodium (69) -9* (27)b 48c**

Placebo (74) -2 (28)b 25c

Bowden et al. [31] (3 weeks) Lithium (98) -15.2*** (33.3) 53***

Quetiapine (107) -14.6*** (32.7) 53***

Placebo (95) -6.7 (34.0) 27

Add-on therapy to quetiapine XR

Bourin et al. [39] (6 weeks) Lithium (173) -22.8*** (NR) 79**

Placebo (176) -20.1 (NR) 68

BL baseline, NR not reported, XR extended-release, YMRS Young Mania Rating Scale

* p\ 0.05, ** p\ 0.01, *** p\ 0.001 vs placebo
a Primary efficacy outcome
b Values estimated from a graph (and reported as ‘Mania Rating Scale’ scores)
c Percentage of patients with C50 % improvement in the manic syndrome subscale score
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both manic events and depressive events compared with

placebo.

Two separate studies indicated that long-term treatment

with lithium is effective in patients with bipolar I and II

subtypes [45], as well as patients with predominantly

atypical or typical features [46]. In a prospective real-world

treatment study (concomitant treatment permitted and no

rigorous exclusion criteria exercised), 317 patients with BD

were followed during lithium treatment for a mean of

6.35 years and outcomes were compared with prior long-

term medical records (mean 8.38 years). Among both

bipolar I and bipolar II subtypes, maintenance treatment

with lithium provided long-term reductions in depressive

and manic symptoms. Multivariate regression analyses

indicated that benefit from lithium treatment was greatest

for patients with type II disorder and those who received

treatment earlier in their disease [45]. Another real-world

study in the clinical setting examined whether symptom

subtype in patients with BD had an effect on the effec-

tiveness of long-term lithium therapy. Of 242 patients

followed for 10 years, those patients with predominantly

atypical features had similar symptom response to lithium

as those patients with predominantly typical features [46].

Lithium is also reported to be more effective than pla-

cebo for the prevention of any episode of mood disturbance

and of manic episodes, although the effect for prevention

of depressive episodes was not statistically significant [47].

A randomized, double-blind, placebo-controlled interven-

tional trial to evaluate the clinical and pathological effect

of lithium in patients with BD and mood instability is

currently ongoing [48]. Although data are somewhat lim-

ited, lithium may also improve the clinical symptoms of

rapid cycling BD and can be effective in prophylaxis, but is

unlikely to prevent recurrences of this disorder [49, 50].

3.3 Efficacy in Acute Bipolar Depression

Evidence for the efficacy of lithium in acute bipolar

depression is limited. Several earlier studies reported the

efficacy of lithium in the treatment of bipolar depression

[51–53]. However, these studies were considered prelimi-

nary due to the short study durations and the fact that

results were only speculative. Other double-blind, placebo-

controlled studies demonstrated that quetiapine is more

effective in the treatment of episodes of acute depression in

adults with bipolar depression, but neither paroxetine nor

lithium showed better efficacy compared with placebo

[54, 55]. Nevertheless, while the efficacy of lithium in this

setting is controversial, it is recognized as a therapeutic

option either as monotherapy or in combination with other

antidepressants in the treatment of bipolar depression in

guidelines and clinical practice [14, 56].

3.4 Efficacy in Reducing Suicide Risk

Several studies have reported the efficacy of lithium in

reducing the risk of suicide in patients with BD. A retro-

spective cohort analysis examined a sample of 20,638

health plan members who were aged C14 years, had one or

more outpatient diagnosis of BD and had filled a pre-

scription for carbamazepine, divalproex or lithium between

January 1994 and December 2001 [57]. Adjusted analyses

showed that patients receiving divalproex sodium had a

significant 2.7-fold increased risk of successful suicide

Table 2 Results of key randomized, double-blind, placebo-controlled trials with lithium and active comparators for maintenance treatment in

bipolar I disorder

Study (duration) Treatment (no. of patients) Median time (days)

to intervention for

any mood episodea

Median time (weeks)

to 50 % survival without

any mood episodeb

Bowden et al. [42] (18 months) Lithium (44) 292**

Lamotrigine (58) 141*

Placebo (69) 85

Calabrese et al. [41] (18 months) Lithium (120) 170*

Lamotrigine (165) 200*

Placebo (119) 93

Bowden et al. [40] (12 months) Lithium (90) 24

Divalproex sodium (187) 40

Placebo (92) 28

a Primary endpoint for the studies with data shown; intervention defined as the addition of pharmacotherapy or electroconvulsive therapy
b Primary endpoint for the study with data shown; manic episode defined as a Mania Rating Scale score of C16 or requiring hospitalization;

depressive episode defined as one requiring antidepressant use or premature discontinuation from study because of symptoms

* p\ 0.05, ** p\ 0.01 vs placebo
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(95 % CI 1.1–6.3; p = 0.03) and 1.7-fold higher risk of

nonfatal suicide attempts resulting in hospitalization (95 %

CI 1.2–2.3; p = 0.002) compared with patients who

received lithium [57]. The meta-analysis of randomized

controlled trials within the Cochrane Collaboration

Depression, Anxiety and Neurosis Controlled Trial Regis-

ter examined the effect of lithium on the risk of suicide and

self-harm and utilized data from 32 trials and more than

3000 patients [58]. Results showed that patients treated

with lithium were significantly less likely to die by suicide

[odds ratio (OR) 0.26, 95 % CI 0.09–0.77; p = 0.01] or

meet the composite endpoint of suicide or self-harm (OR

0.21, 95 % CI 0.08–0.50; p = 0.42) than those not treated

with lithium [58]. Similarly, another study reported that

risk of suicide/attempted suicide was five times lower [risk

ratio (RR) 4.91, 95 % CI 3.82–6.31; p\ 0.0001] in

patients treated with lithium compared with those not

treated with lithium [59]. A systematic review and meta-

analysis of randomized controlled trials comparing lithium

with other drugs in the prevention of mood disorders

reported that lithium was effective in reducing the number

of suicides (OR 0.13, 95 % CI 0.03–0.66) and deaths from

any cause (OR 0.38, 95 % CI 0.15–0.95) compared with

placebo in patients with bipolar depression [60].

4 Tolerability Profile of Lithium and Implications
of Prolonged-Release Formulations

Lithium has been reported to be associated with a number

of adverse events, including renal damage, thyroid disor-

ders, effects on parathyroid and calcium metabolism,

increased bodyweight, gastrointestinal disturbances, central

nervous system effects, effects on electrocardiogram and

laboratory parameters and an increased risk of reduced

urinary concentrating ability [20, 61]. Lithium-associated

toxicity and adverse events are related to serum concen-

trations of lithium and normally occur at concentrations

[1.5–2.0 mmol/L [62, 63]. Therefore, therapeutic drug

monitoring is an important part of lithium therapy (see

Sect. 5). Mild gastrointestinal effects (e.g., nausea) may

occur soon after initiating therapy, but usually disappear

after the first few days, although fine hand tremors, poly-

uria and mild thirst may persist [61]. In an overdose situ-

ation, which may involve mild symptoms (e.g., nausea,

diarrhoea, blurred vision, light-headedness), moderate

symptoms (e.g., increasing confusion) or severe symptoms

(e.g., coma, convulsions), more severe symptoms may

occur after a delay if a PR formulation of lithium has been

taken [64].

Some lithium-related adverse events appear to be a

function of the rate of increase of serum lithium concen-

tration, which has implications regarding the type of

lithium formulation prescribed for a patient [21]. As noted

in Sect. 2, the peak:trough ratio is lower with PR than IR

formulations of lithium. The slower increase in serum

lithium concentrations and lower Cmax values with PR

versus IR formulations of lithium appear to translate into a

reduced rate or degree of severity for some lithium-related

adverse events, including tremor, upper gastrointestinal

cramping, nausea, rash, cognitive dulling, urinary fre-

quency and neuromuscular slowing [65]. Occasionally

there is a worsening of lower gastrointestinal disturbances

(e.g., diarrhoea) with PR versus IR formulations of lithium

[65].

Lithium PR was associated with a lower incidence of

adverse events than lithium IR (9.1 vs 18.3 %) in an

observational study in which 47 patients receiving multiple

daily administrations of lithium IR (mean dose

719 mg/day) were switched to once-daily administration of

lithium PR [mean dose 663 mg/day at 1 month (n = 44)]

[66]. After 1 month, all patients reported a preference for

lithium PR over lithium IR for its better tolerability and

ease of administration [66]. Data from a small (n = 56)

comparative trial showed that long-term treatment with

lithium PR produced less impairment of the ability of the

kidney to concentrate urine than lithium IR [67]. In addi-

tion, a recent review of the optimal lithium regimen asso-

ciated with a reduced risk of adverse renal effects in

patients with BD indicated that single daily administration

of lithium provided benefits compared with multiple daily

regimens in some trials, including a reduction in urinary

frequency in patients newly started on the drug and less

pathological damage to the kidneys observed at renal

biopsy [68]. The overall reduction in adverse events with

PR versus IR formulations of lithium may lead to a reduced

rate of drug discontinuation with PR formulations,

although this has not been evaluated in a controlled clinical

trial.

An important clinical issue of renewed interest and

recent discussion is that of lithium use during pregnancy

[69–72]. Prescribing information states that lithium should

not be used during pregnancy, as it may cause foetal harm

[73]. An analysis of data from a large primary care data-

base in the UK indicates that very few women were pre-

scribed lithium during pregnancy and only about one-third

of women who were being continuously prescribed lithium

3 months prior to pregnancy continued receiving pre-

scriptions for lithium beyond the sixth week of pregnancy

[69]. Findings of a prospective cohort study of lithium use

during pregnancy showed significantly more miscarriages,

preterm deliveries and elective terminations of pregnancy

in lithium-exposed pregnancies compared with non-ter-

atogenic-exposed pregnancies [71]. However, there were

no significant between-group differences in the rate of

major congenital anomalies or in the rate of cardiovascular
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anomalies after excluding cardiovascular anomalies that

spontaneously resolved [71]. If it is considered essential to

maintain lithium treatment during pregnancy, serum

lithium levels should be closely monitored, as renal func-

tion changes gradually during pregnancy and suddenly at

parturition [70].

Finally, lithium has both antidepressant and antimanic

properties and is less teratogenic compared with first-tri-

mester exposure to an anticonvulsant [74]. Of all the mood

stabilizers, the greatest amount of evidence exists for

lithium and its efficacy in the last months of pregnancy and

the months after delivery and the authors found that for

most patients with BD, including women of childbearing

potential, lithium should be the first-choice treatment [70].

A meta-analysis on the toxicity profile of lithium reported

that the risk of congential malformations was uncertain and

that the associated risks should be closely monitored before

withdrawal of therapy in pregnant women [61]. While the

risk of recurrence during the 40 weeks of pregnancy are

not greater for pregnant women (compared with non-

pregnant women), the risk of recurrence postpartum is

increased. The postpartum period appears to be associated

with particular risk for women with major affective and

psychiatric disorders [75], which underscores the impor-

tance of resuming dosing with lithium immediately after

delivery (at doses that were previously used by the patient

before conception) [70].

Several reports of cognitive impairment with long-term

lithium therapy in patients with BD have emerged in the

past [76, 77]. However, continued lithium therapy appears

to have minor negative impact on cognition in these

patients [78] and a reduction in the dose of lithium may

improve overall cognitive functioning [79].

5 Clinical Management of Lithium Therapy

Therapeutic drug monitoring is important for optimal use

and administration of lithium, as it has a narrow therapeutic

range [61]. Dosage should be individualized based on

serum lithium concentrations and clinical response. In

addition, the dosage required to maintain serum lithium

concentrations within the therapeutic range may vary from

patient to patient. Although there is some variability in the

literature regarding target serum lithium levels, as a general

rule, serum lithium levels should be maintained within the

range of 0.5–1.0 mmol/L and should not exceed 1.5 mmol/

L when used as prophylaxis in BD [80]. For the treatment

of acute manic or hypomanic episodes and recurrent

depressive disorders, a higher target range of

0.8–1.2 mmol/L (up to a maximum of 1.5 mmol/L) is

generally recommended. Blood samples for measurement

of serum lithium concentrations should be taken just before

a dose is due (i.e., trough concentrations) and not less than

12 h after the previous dose. The first measurement should

be *3–7 days after lithium therapy has been started and

then weekly until dosage has remained constant for

4 weeks, after which therapeutic drug monitoring can be

decreased to every 2–3 months. Conventional IR formu-

lations of lithium are generally administered three times

daily with meals [21]. However, the use of a single daily

administration of lithium PR or even IR (as an evening

dose) has been advocated as an alternative to multiple daily

administrations, as it may have an advantage in improving

adherence to therapy and appears to have no disadvantages

in terms of prophylactic efficacy or adverse events [68, 81].

Interestingly, a recent study focusing on adherence (in

diabetes) showed that patients were nine times less likely to

adhere to their medications if they received more than

once-daily administration of their medication [82]. Indeed,

a much older retrospective study showed better rates of

adherence in patients who received PR than IR formula-

tions of lithium [83].

Patient non-adherence to lithium treatment is an

important issue and there are many reasons for non-ad-

herence, including adverse events (e.g., lethargy and dul-

ling of the senses), missing the highs of mania and being

bothered by the idea of having a chronic illness

[63, 84–87]. The aforementioned study focusing on

adherence (in diabetes) also showed that patients were

three times less likely to adhere to their medications if they

had concerns about adverse effects [82]. In patients with

mood disorders, treatment-related adverse events were also

a predictor of non-adherence [88]. Recently reported data

from the Lithium Moderate Dose Use Study (LiTMUS)

indicated that poor medication adherence in patients with

BD was associated with more manic symptoms and adverse

events [89].

The use of lithium PR formulations administered once

daily has been suggested as one strategy (along with

dosage reduction and combination therapy) to reduce non-

adherence related to lithium adverse events [65, 90]. Direct

comparisons of lithium PR once daily versus multiple daily

administration of lithium IR have shown reduced fluctua-

tions in serum lithium concentrations [66, 91, 92] and a

reduction in adverse events with the PR formulation [66];

patients also reported a preference for lithium PR versus IR

[66]. The severity and prevalence of some lithium-related

adverse events appear to be a function of the rate of

increase in serum lithium concentrations. As noted in

Sect. 4, the slower rate of increase in serum concentrations

with PR formulations may reduce adverse events such as

tremor, upper gastrointestinal cramping, nausea, rash,

cognitive dulling, urinary frequency and neuromuscular

slowing, although there may also be an increase in lower

gastrointestinal disturbances, such as diarrhoea [21, 65].
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6 Conclusion

Despite the growing use of other agents, lithium remains a

central therapy for BD. PR formulations of lithium provide

a number of potential advantages over IR formulations,

including more stable serum lithium concentrations during

the dosage interval and over the long term, a more gradual

increase in serum lithium concentrations potentially

reducing the risk of certain adverse events and improving

adherence, and a more convenient dosage regimen that

may also improve adherence to therapy. Thus, PR formu-

lations of lithium may be used over the IR formulations to

reduce the treatment-associated adverse events and

improve the overall efficacy of lithium in the management

of BD. Due to the wide and continued use of lithium

therapy in the treatment of BD, future trials comparing

compliance rates and adverse events associated with the PR

and IR lithium formulations are warranted.
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