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ABSTRACT

Background: Bipolar disorder (BD) is a chronic psychiatric condition that requires careful pharmacological management.
Ensuring treatment effectiveness, safety, adherence, and proper monitoring is essential, especially in pediatric, pregnant, and
cognitively impaired patients.

Objective: To review the available evidence on treatment outcomes, safety, adherence, and monitoring in bipolar disorder.
Methods: A literature search was conducted using PubMed, Scopus, Web of Science, and Google Scholar. A comprehensive re-
view of systematic reviews, meta-analyses, cohort studies, clinical trials, and case reports was performed. This review was guided
by the Scale for the Assessment of Narrative Review Articles (SANRA) criteria. The findings were synthesized qualitatively.
Results: This review highlights important challenges and therapeutic considerations in bipolar disorder management.
Medication adherence and laboratory monitoring compliance were generally poor. Sleep disturbances were associated with
poorer functional outcomes. Combination therapy reduced the risk of manic and depressive recurrence but may lower overall
functioning in some patients. Lithium showed favorable long-term outcomes, including reduced sickness absence and lower
mortality, whereas pregabalin was linked to poorer occupational outcomes. Untreated bipolar disorder during pregnancy was as-
sociated with prematurity and low birth weight. Mechanistically, lithium, valproate, and emerging agents may modulate neuro-
plasticity and intracellular signaling pathways; however, evidence for cognitive improvement remains limited and inconsistent.
Conclusion: Lithium and combination therapies improve relapse prevention, cognitive outcomes, and mortality. However, ad-
verse effects and poor adherence remain challenges. Individualized strategies, regular monitoring, and tailored interventions are

essential to optimize care.

1 | Introduction

Bipolar disorder is a chronic and recurrent psychiatric condition
characterized by alternating episodes of mania, hypomania,
and depression [1]. It is associated with significant functional
impairment, reduced quality of life, increased risk of suicide,
and substantial socioeconomic burden [2]. It requires long-term
management to prevent relapse and improve clinical outcomes
[3]. Despite advances in neuroscience, the exact pathophysiology

remains complex and multifactorial, involving genetic, neuro-
chemical, inflammatory, and neurobiological mechanisms [4].
Pharmacotherapy remains the cornerstone of bipolar disorder
management [5]. Current treatment strategies aim to stabilize
mood, control acute manic or depressive episodes, and prevent
recurrence [6]. A range of medications, including mood stabi-
lizers, atypical antipsychotics, and adjunctive agents, are used
depending on the phase of illness and patient characteristics
[7]. Treatment selection must consider efficacy, safety profile,
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tolerability, and long-term adherence [8, 9]. In recent years,
growing evidence has expanded therapeutic options and im-
proved understanding of drug mechanisms in bipolar disor-
der [10].

Stefania et al. [11] conducted a systematic review assess-
ing pharmacological treatments for bipolar disorder (BD)
with comorbid substance use disorders (SUDs), identifying
66 studies, with 17 focusing specifically on BD-SUD comor-
bidity. The most commonly studied substances were alcohol
(N'=26), cannabis (N=19), opioids (N=10), cocaine (N =10),
amphetamines (N =3), and mixed SUDs (N=12). The review
found inconsistent evidence for optimal medication choice.
Aripiprazole was frequently used for long-term management
due to its efficacy and favorable safety profile, while clozap-
ine showed strong relapse-prevention effects despite notable
adverse effects. The authors concluded that BD with SUD re-
quires individualized treatment approaches due to substantial
clinical heterogeneity. This review is methodologically robust
but limited by the small number of BD-SUD-specific studies
and high heterogeneity, which limits the strength of compar-
ative conclusions.

Samalin et al. [12] conducted a multinational cross-sectional
study in six countries, including 1180 bipolar disorder patients.
The median duration since diagnosis was 80months, and
major depressive disorder was the most common initial pre-
sentation. At assessment, mood stabilizers and antipsychotics
were the most commonly used treatments, while antidepres-
sants (mainly SSRIs) were prescribed in 36.1% of patients.
Bipolar I patients received significantly more antipsychotics
and anxiolytics than bipolar II patients. Depressive symptoms
were strongly associated with higher antidepressant use. The
study concluded that clinical management is characterized by
long diagnostic delays and considerable antidepressant use,
with treatment decisions mainly guided by current symptoms
and bipolar subtype.

This review provides an updated and focused synthesis of
pharmacological treatments for bipolar disorder by integrat-
ing recent clinical evidence, emerging therapeutic agents, and
relevant mechanistic insights. Unlike existing reviews and
guidelines that primarily emphasize established treatment
algorithms, this review highlights newer trial data, evolving
pharmacological options, and differential efficacy and safety
profiles across patient subgroups. It also critically appraises
areas of uncertainty, including cognitive outcomes and neuro-
biological mechanisms, thereby offering a more nuanced and
current perspective to support clinical decision-making and
future research directions.

2 | Materials and Methods
2.1 | Research Design

This study was conducted as a narrative review. It aimed to
synthesize and critically interpret evidence from experimental,
preclinical, and clinical studies. The review summarizes current
knowledge on molecular mechanisms, biological pathways, and
therapeutic or pathological roles of the topic under investigation.

It also identifies key gaps in the literature and suggests future
research directions.

2.2 | Research Questions

The review was guided by four research questions. (1) What are
the key molecular and cellular mechanisms involved in the bi-
ological effects of the topic? (2) What evidence is available from
experimental, preclinical, and clinical studies? (3) Which sig-
naling pathways and biological processes are most consistently
reported? (4) What are the major knowledge gaps and future re-
search priorities?

2.3 | Literature Search Strategy

A comprehensive literature search was conducted using PubMed,
Scopus, Web of Science, and Google Scholar. The search covered
studies published between January 2000 and March 2025. These
databases were selected due to their wide coverage of biomedical
and life sciences literature. Google Scholar was used mainly for
citation tracking and supplementary searches. It was not used as
a primary database. This approach ensured broader coverage of
relevant studies.

2.4 | Search Terms and Keywords

The search strategy combined Medical Subject Headings
(MeSH) and free-text keywords. Boolean operators (AND, OR)
were used to refine the search. Keywords were adapted based
on database requirements. They included terms related to the
main topic, molecular mechanisms, and study types. Examples
include oxidative stress, inflammation, mitochondrial dysfunc-
tion, signaling pathways, experimental studies, animal models,
in vitro studies, and clinical trials. Example search strings in-
cluded (“oxidative stress” AND [topic]), (“inflammation” AND
[topic]), (“mitochondrial dysfunction” AND [topic]), (“cell sig-
naling” AND [topic]), and (“therapeutic effect” AND [topic]).
These were adjusted according to each database's syntax.
Reference lists of included studies were also screened manually
to identify additional relevant articles.

2.5 | Eligibility Criteria

Studies were included if they were published in peer-reviewed
journals and written in English. They also needed to report
relevant experimental, preclinical, or clinical findings. Studies
using in vitro, in vivo, or human models were eligible if they
provided meaningful mechanistic or clinical insights. Excluded
studies included conference abstracts without full texts, editori-
als, commentaries, duplicate publications, and irrelevant studies
that did not address the research questions.

2.6 | Study Selection Process

All records were imported into a reference management sys-
tem. Screening was done in two stages. First, titles and abstracts
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were reviewed. Irrelevant studies were removed. Second, full-
text articles were assessed for eligibility. Predefined inclusion
criteria were applied. Study selection focused on methodological
relevance, scientific rigor, and contribution to the research ques-
tions. Any disagreements were resolved through discussion and
consensus.

2.7 | Data Extraction and Synthesis

Data were extracted from all eligible studies using a structured
approach. Extracted information included study design, exper-
imental model, sample characteristics, interventions or expo-
sures, molecular pathways, outcomes, and key findings. The
data were synthesized using a narrative approach. Findings
were grouped into thematic categories based on biological
mechanisms and clinical relevance. No quantitative synthesis or
meta-analysis was performed.

2.8 | Quality Assessment

The methodological quality of the included studies was assessed
using the Scale for the Assessment of Narrative Review Articles
(SANRA) [13]. SANRA criteria were used to ensure transpar-
ency and methodological rigor. The assessment covered justifi-
cation of the topic, clarity of aims, description of the literature
search, referencing of original studies, scientific reasoning, and
presentation of data. No formal risk-of-bias assessment was per-
formed for individual studies. However, priority was given to
high-quality peer-reviewed studies with strong experimental or
clinical designs.

3 | Pharmacological Management of Bipolar
Disorder

Current pharmacological management of bipolar disorder pri-
marily aims to control acute mood episodes, prevent recurrence,
and improve long-term functional outcomes [14]. Treatment
strategies are tailored according to the phase of illness, includ-
ing acute mania, bipolar depression, and maintenance therapy
[15]. The main pharmacological options include mood stabiliz-
ers, atypical antipsychotics, and selected antidepressants, often
used as monotherapy or in combination [16]. Lithium remains
the cornerstone of treatment due to its efficacy in both acute
and maintenance phases [17]. Additionally, several second-
generation antipsychotics are widely used for managing manic
and depressive episodes, and combination therapy is frequently
required for optimal symptom control [18]. Emerging pharma-
cological agents are also being investigated to address treatment
resistance and improve safety profiles [19].

3.1 | Mood Stabilizers and Antipsychotics

Moodstabilizersand atypical antipsychotics form the cornerstone
of bipolar disorder pharmacotherapy, addressing acute mania,
bipolar depression, and long-term maintenance [14]. Lithium
remains the gold standard due to its efficacy in acute mania,
relapse prevention, and suicide risk reduction, with additional

neuroprotective effects mediated through neurotransmitter
modulation and intracellular signaling pathways [20]. Valproate
is effective in acute manic and mixed episodes, particularly in
rapid cycling, through enhancement of GABAergic transmis-
sion [21]. Carbamazepine is used in treatment-resistant cases
via sodium channel modulation but requires monitoring due to
hematological toxicity and drug interactions [22]. Lamotrigine
is primarily effective in preventing bipolar depressive episodes
and maintenance therapy through glutamate stabilization,
though slow titration is required to reduce severe skin reactions
[23]. Second-generation antipsychotics (quetiapine, olanzapine,
risperidone, aripiprazole, lurasidone) act via dopamine D2 re-
ceptor blockade and serotonin 5-HT2A modulation, providing
efficacy in mania, bipolar depression, and maintenance either
as monotherapy or adjuncts [24, 25] (Table 1; Figure 1). Their
clinical utility is limited by metabolic syndrome, weight gain,
sedation, and extrapyramidal effects [35].

Untreated bipolar disorder during pregnancy is associated with
adverse maternal and neonatal outcomes [36]. While atypical
antipsychotics and lamotrigine generally show favorable safety
profiles, evidence regarding lurasidone in pregnancy remains
limited [37]. Evidence is organized from highest to lowest
strength: systematic reviews and meta-analyses, randomized
controlled trials (RCTs), cohort and registry studies, cross-
sectional studies, and narrative reviews or guidelines. This hier-
archy reflects increasing risk of bias and decreasing inferential
strength from pooled experimental evidence to observational
and expert interpretation. High-level evidence for bipolar disor-
der pharmacotherapy is largely derived from systematic reviews
and meta-analyses synthesizing randomized and observational
studies across different illness phases.

For the manic phase, Kishi et al. [31] conducted a systematic re-
view and network meta-analysis of randomized controlled tri-
als evaluating oral monotherapies for acute mania. The study
found that several mood stabilizers and second-generation an-
tipsychotics, including lithium, valproate, aripiprazole, olan-
zapine, quetiapine, and risperidone, were effective in reducing
manic symptoms compared with placebo. Some agents also
showed better acceptability, while topiramate was associated
with higher discontinuation rates. The study provides strong
comparative efficacy evidence due to its large network meta-
analytic design and strict inclusion criteria. However, short trial
durations and heterogeneity limit conclusions on long-term effi-
cacy and tolerability. For the depressive phase, Yildiz et al. [32]
conducted a systematic review and network meta-analysis of
randomized controlled trials evaluating multiple interventions
for acute bipolar depression. They found that several treatments,
including combination therapy and selected second-generation
antipsychotics and mood stabilizers, were more effective than
placebo. The olanzapine-fluoxetine combination showed the
strongest antidepressant effect. However, antidepressant use
was associated with an increased risk of manic switching. The
study provides broad comparative effectiveness evidence across
interventions. However, conclusions are limited by indirect
comparisons, variability in study designs, and low-to-moderate
certainty of evidence.

Kishi et al. [33] highlighted a strong association between de-
pressive symptoms and suicidality in bipolar disorder. They also
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FIGURE1 | Bipolar disorder treatment outcomes.

noted limited evidence on early treatment response, as most
studies assessed outcomes after 6weeks or longer. Although
the inclusion of diverse interventions improves clinical rele-
vance, heterogeneity and varying trial durations remain key
limitations.

For the maintenance phase, several systematic reviews and
meta-analyses support long-term pharmacological treatment.
Kishi et al. [29] analyzed randomized controlled trials compar-
ing maintenance therapy with treatment discontinuation over
follow-up periods of up to 24 months. Maintenance treatment
reduced the recurrence of mood episodes. It also reduced de-
pressive relapse, manic or mixed relapse, and all-cause discon-
tinuation. Another meta-analysis in bipolar I disorder showed
that combinations of second-generation antipsychotics and
mood stabilizers reduced recurrence across mood phases. This
included depressive and manic episodes, as well as treatment
discontinuation. A larger meta-analysis also reported that lith-
ium, olanzapine, quetiapine, valproate, lamotrigine, and SGA
combinations were effective in preventing relapse across mood
polarity. Additional benefits were observed with quetiapine or
lurasidone combinations. This study provides strong pooled
evidence for relapse prevention. However, limitations include
publication bias, limited data for some agents, and heterogeneity
across trials.

Fornaro et al. [34] conducted a network meta-analysis of random-
ized controlled trials evaluating maintenance treatments in bi-
polar disorder. They found that lithium, aripiprazole, quetiapine,
olanzapine, lurasidone, carbamazepine, valproate, and long-
acting injectable antipsychotics such as aripiprazole and risper-
idone were more effective than placebo in preventing relapse.
Effects varied across subgroups and were influenced by dose.
The network meta-analysis allowed broad comparisons across

treatments, but indirect comparisons and differences in dosing
strategies limited the precision of conclusions. Pacchiarotti et al.
[38] conducted a PRISMA-based systematic review of studies
on breastfeeding during psychotropic treatment. Lithium was
considered a possible option with monitoring. Carbamazepine
and valproate were regarded as relatively safe. Lamotrigine
was considered usable at low doses. Quetiapine and olanzapine
were identified as preferred antipsychotics during breastfeed-
ing, while clozapine and amisulpride were contraindicated. The
study provides high-level evidence synthesis; however, hetero-
geneity and reliance on observational data reduce certainty in
safety rankings.

Fountoulakis et al. [39] developed PRISM A-based guidelines for
treatment-resistant bipolar disorder across illness phases. They
provided structured therapeutic recommendations with strong
methodological rigor. However, the recommendations depend
on the quality and availability of underlying primary evidence.
Cantilino and Vilar [40] reviewed 33 studies on medication
safety during pregnancy. They reported increased teratogenic
risk with valproate. Lithium showed a possible low risk, while
lamotrigine showed no significant risk. Atypical antipsychot-
ics were generally considered safe, although risperidone raised
some concerns. The review provides important clinical synthe-
sis, but its conclusions are limited by the observational nature
of the evidence and potential confounding in pregnancy safety
studies. Large cohort and registry studies contribute important
real-world evidence regarding effectiveness, adherence, mortal-
ity, and functional outcomes. A Hong Kong population-based
cohort study (2002-2018; n=_8137) found that lithium was as-
sociated with the lowest mortality risk, while olanzapine and
risperidone were linked to higher mortality [41]. The large sam-
ple size and long follow-up improve external validity. However,
residual confounding and indication bias may still exist.

Lintunen et al. [26], using a nationwide registry (n=33131), re-
ported high rates of nonadherence, with 59.1% of patients hav-
ing at least one uncollected prescription. Lithium and clozapine
showed the lowest nonadherence rates. The nationwide design
improves generalizability, although prescription data may not
reflect actual medication use. Holm et al. [28]; n=22408 found
that lithium, valproate, lamotrigine, and olanzapine reduced
sickness absence, while pregabalin increased it. The within-
person design strengthens causal inference. However, residual
confounding by illness severity cannot be excluded. Miola et al.
[42] found that bipolar IT disorder was associated with earlier
onset, higher recurrence rates, increased suicidality, and more
frequent treatment switching compared with major depressive
disorder. The study provides a useful clinical characterization.
However, its observational design limits causal inference and
may reflect diagnostic overlap.

Cross-sectional studies provide additional information regard-
ing functional outcomes and quality-of-life measures. Garcia-
Blanco et al. [43] reported that anticonvulsant monotherapy
was associated with better sexual functioning compared with
lithium-based regimens. The study provides useful functional
outcome data. However, the small sample size and cross-
sectional design limit causal inference. Gokcay and Solmaz [27]
found that combination therapy was associated with poorer
functional outcomes and significant sleep impairment. The
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study is limited by a single-time assessment, a small sample
size, and the inability to determine directionality. Narrative and
guideline-based reviews provide conceptual and clinical inte-
gration of bipolar disorder management. Kowalczyk et al. [44]
reviewed emerging mood stabilizers and antipsychotics. They
reported promising efficacy profiles but emphasized the need
for further research. However, the review lacks a systematic
methodology and may include interpretative bias.

Marzani and Neff [45] discussed long-term management strat-
egies, including pharmacotherapy, psychotherapy, and suicide
monitoring. The review is clinically useful but narrative and
based on heterogeneous evidence. Geddes and Miklowitz [15]
identified lithium as a cornerstone for relapse prevention and
quetiapine as important for bipolar depression. However, the
review predates several newer treatment options. Moderie et al.
[30] (n=206) found limited benefit of antidepressant augmen-
tation in bipolar depression. Antidepressant-antipsychotic com-
binations appeared more effective in treatment-resistant cases.
The study offers real-world insight but is limited by a retrospec-
tive design and a small sample size.

3.2 | Antidepressants and Combination Therapy
Strategies

Antidepressants in bipolar disorder remain a subject of ongoing
debate due to concerns regarding efficacy, safety, and the risk
of treatment-emergent affective switching [46]. Although de-
pressive episodes constitute the predominant burden of illness
and significantly impair functional outcomes, antidepressant
monotherapy—particularly in Bipolar I disorder—is generally
discouraged because of its association with manic or hypomanic
induction, rapid cycling, and mood destabilization [47]. Current
evidence suggests that antidepressants may be cautiously con-
sidered in selected patients with bipolar depression, preferably
as adjunctive therapy rather than standalone treatment [48].
Combining them with mood stabilizers such as lithium, val-
proate, or lamotrigine, or with atypical antipsychotics, appears
to reduce the risk of switching while enhancing antidepressant
efficacy [8, 9]. Lithium may exert protective anti-suicidal and
antimanic properties, supporting combination strategies [49]
(Table 2; Figure 2). Therefore, individualized risk-benefit as-
sessment and close clinical monitoring are essential to optimize
outcomes and maintain long-term mood stability [59].

Evidence from randomized trials, systematic reviews, clinical
reviews, and observational studies provides mixed and some-
times conflicting findings. The following synthesis organizes
available evidence by hierarchy and includes a brief critical ap-
praisal of methodological strengths and limitations. Miravalles
et al. [58] conducted a randomized double-blind placebo-
controlled trial evaluating intravenous scopolamine for bipolar
depression. Both treatment and placebo groups showed im-
provement in depressive symptoms. However, scopolamine was
not superior to a placebo. It was generally well tolerated, with
mild adverse effects such as dizziness and dry mouth. The study
has strong internal validity due to its randomized, double-blind,
placebo-controlled design. However, the small sample size lim-
its statistical power and generalizability. The lack of superiority
also questions its antidepressant efficacy in bipolar depression.

Ghaemi et al. [57] conducted a systematic literature review of
blinded controlled trials on long-term antidepressant use in bi-
polar disorder. They identified only a small number of eligible
studies. They concluded that evidence is insufficient to confirm
the long-term safety and efficacy of antidepressants in bipolar
disorder. The review highlights a major evidence gap and uncer-
tainty in long-term outcomes. However, limited trial numbers
and heterogeneity reduce the strength of conclusions.

Salvi et al. [53] reviewed randomized controlled trials on an-
tidepressant use in bipolar depression. They reported that an-
tidepressants show some efficacy in certain patient groups.
They also found that the risk of manic switch is lower when
antidepressants are combined with mood stabilizers and when
newer antidepressants are used instead of tricyclics. The review
strengthens evidence by including RCTs. However, heteroge-
neity in study design, populations, and drug classes limits firm
conclusions. Ghaemi et al. [54] conducted a critical review of
antidepressant use in bipolar disorder. They concluded that an-
tidepressants may increase mood cycling risk and are less effec-
tive than mood stabilizers such as lithium and lamotrigine for
preventing depressive relapse. They recommended restricting
antidepressants to severe cases and discontinuing them after
remission in most patients. The review is influential in shaping
clinical caution toward antidepressants. However, its conclu-
sions rely on older and heterogeneous evidence, which limits ap-
plicability to newer antidepressants and combination therapies.

Bowden and Singh [52] conducted a clinical review. They found
that bipolar patients spend more time in depressive states than
manic states, yet most research focuses on mania. They also
noted that no antidepressant approved for major depressive
disorder is approved as monotherapy for bipolar depression, de-
spite frequent clinical use. The review highlights a gap between
research focus and disease burden. However, as a narrative
review, it lacks systematic methodology and quantitative syn-
thesis, which may introduce bias and limit the strength of con-
clusions. Courtet et al. [50] conducted a review. They reported
that depressive episodes are more frequent, longer-lasting, and
more disabling than manic episodes, with higher suicide risk.
They noted that antidepressants were traditionally considered
effective in bipolar depression. However, newer evidence sug-
gests limited efficacy and reduced risk of manic switch when
combined with mood stabilizers. The review integrates evolving
evidence but relies on heterogeneous studies and lacks system-
atic methodology, limiting reproducibility.

Cheniaux and Nardi [51] analyzed clinical studies and meta-
analyses. They found that antidepressant response in bipolar
depression is highly variable. Some patients improve signifi-
cantly, while others—especially those with mixed features,
prior antidepressant-induced mania, or rapid cycling—may
worsen or switch to mania. The study highlights important
patient-level variability. However, reliance on secondary evi-
dence and a lack of quantitative synthesis limit causal inter-
pretation. Ghaemi et al. [55] conducted a naturalistic study of
85 patients. They found that 37% were initially misdiagnosed
with unipolar depression. They also reported that 23% expe-
rienced rapid cycling linked to antidepressant use. The study
provides early real-world evidence on diagnostic challenges
and possible antidepressant-induced mood destabilization.
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Antidepressant Use in Bipolar Disorder
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FIGURE2 | Evidence on antidepressant use in bipolar disorder.

However, the small sample size, observational design, and
lack of randomization limit causal inference. Confounding
and indication bias may also influence results. Hooshmand
et al. [56] conducted a longitudinal observational study. They
found higher baseline antidepressant use in patients with
persistent depression compared to those who recovered. This
suggests a complex relationship between antidepressant use
and long-term depressive outcomes. The longitudinal design
strengthens temporal interpretation, but causality cannot be
established. Confounding by indication and illness severity
may explain the findings, and the lack of randomization limits
definitive conclusions.

3.3 | Emerging Therapies and Novel
Pharmacological Targets in Bipolar Disorder

Emerging therapies for bipolar disorder focus on addressing
unmet clinical needs such as bipolar depression, treatment re-
sistance, cognitive impairment, and rapid mood destabiliza-
tion [60]. Recent advances have expanded beyond traditional
mood stabilizers and antipsychotics to target novel neurobio-
logical pathways [61]. Glutamatergic modulation, particularly
N-methyl-D-aspartate (NMDA) receptor antagonists such as
ketamine and esketamine, has demonstrated rapid antide-
pressant effects in bipolar depression, especially as adjunctive
treatments [62]. These agents are believed to enhance synap-
tic plasticity and neurotrophic signaling, including increased
brain-derived neurotrophic factor (BDNF) activity. Evidence
also supports the role of inflammation and oxidative stress in
bipolar disorder pathophysiology, leading to investigations of

anti-inflammatory and neuroprotective agents as adjunctive
therapies [63]. Nutritional interventions such as omega-3 fatty
acids have shown potential benefits in mood stabilization [64].
Furthermore, novel antipsychotics with refined dopamine re-
ceptor activity provide improved control of manic and depres-
sive symptoms with potentially better tolerability profiles [65].
Research is also exploring circadian rhythm modulators, intra-
cellular signaling pathway inhibitors, and pharmacogenomic-
guided treatments to support personalized medicine approaches
[66] (Table 3; Figure 3). These strategies represent a step toward
more targeted and individualized management of bipolar disor-
der within modern neuropharmacology and clinical pharmacy
practice [1].

Scientific evidence is ranked according to methodological
strength and reliability, with systematic reviews at the high-
est level due to their structured synthesis of multiple studies.
Evidence syntheses, narrative reviews, and mechanistic studies
provide important insights with varying levels of bias and meth-
odological rigor. Pharmacovigilance and clinical trial reviews
contribute safety and translational evidence, while in vitro stud-
ies represent the lowest level, offering mechanistic findings with
limited clinical generalizability. Miskowiak et al. [71] conducted
a PRISM A-based systematic review of studies evaluating cogni-
tive interventions in bipolar disorder. Cognitive outcomes were
generally limited. Most included RCTs had a high risk of bias,
with only a few showing low risk. Common methodological
problems included poor randomization reporting, inadequate
handling of missing data, and a lack of predefined cognitive
endpoints. The authors emphasized the need for improved
methodology and biomarker integration. Although the review
used a rigorous PRISMA framework, overall evidence quality
was weakened by a high risk of bias and heterogeneity, limiting
generalizability.

Johnson et al. [67] conducted a literature review on pharmaco-
logical strategies for cognitive impairment in bipolar disorder. It
included both established agents such aslithium and lamotrigine
and emerging treatments including ketamine, immune modula-
tors, and metabolic agents. The authors concluded that cogni-
tive dysfunction in bipolar disorder remains under-researched
and methodologically limited. While the review provides broad
coverage of treatment options, it lacks a systematic methodol-
ogy and formal risk-of-bias assessment, limiting reproducibility
and the strength of conclusions. Soares and Sassi [69] performed
a mechanistic review showing that lithium and valproate act
through intracellular signaling pathways, gene regulation, and
neurotrophic effects. These mechanisms support neuroplastic
and neuroprotective changes. However, many patients still show
inadequate response, suggesting the need for new therapeutic
targets. The review provides strong theoretical insight but lacks
systematic methodology and quantitative synthesis, limiting ev-
idence strength.

Modugula and Kumar [72] conducted a safety analysis of lur-
asidone using a structured review of published studies and the
Naranjo algorithm. Reported adverse effects included telogen
effluvium, thrombocytopenia, restless leg syndrome, and hyper-
sexuality. Several were classified as probable or possible drug-
related effects. The authors recommended further large-scale
safety studies. However, the small number of included studies
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FIGURE3 | Pharmacological and mechanistic evidence in bipolar disorder.

and reliance on reported adverse events may introduce report-
ing bias and limit the detection of rare or long-term effects.
Garay et al. [68] reviewed clinical trials in bipolar depression
and maintenance treatment across multiple compounds. Some
investigational drugs showed promising Phase III results and
regulatory approval. The authors highlighted a growing drug
development pipeline with novel therapeutic targets. However,
variability in trial quality and lack of pooled statistical syn-
thesis limited comparability and overall strength of conclu-
sions. Naserkhaki et al. [70] conducted an in vitro study using
Glycogen Synthase Kinase 3 Beta (GSK3f3)-overexpressing SH-
SY5Y cells to examine cis pT231-tau in bipolar disorder. The
model showed increased c-t and reduced cell viability. Lithium
reduced cis p-tau levels and cell death. Cis p-tau was also found
in bipolar disorder brain samples but not in controls, suggesting
a possible neurodegenerative mechanism. However, the in vitro
design limits clinical relevance, and findings require validation
in in vivo and human studies.

4 | Safety, Monitoring, and Clinical Considerations

Safety, monitoring, and clinical considerations are fundamental
in the pharmacological management of bipolar disorder because
most treatments are intended for long-term use and require con-
tinuous evaluation to ensure efficacy and tolerability [73]. Mood
stabilizers such as lithium, valproate, carbamazepine, and la-
motrigine, as well as atypical antipsychotics, are associated
with various adverse effects requiring clinical monitoring [74].
Lithium, although highly effective, has a narrow therapeutic
index and may cause tremor, polyuria, polydipsia, weight gain,
gastrointestinal disturbances, cognitive slowing, thyroid dys-
function, and potential renal impairment. Monitoring of serum
lithium levels, renal function, and thyroid function is essential
[14]. Valproate is associated with weight gain, gastrointestinal
symptoms, tremor, hepatotoxicity, and significant teratogenic
risk, requiring liver function monitoring and caution in women
of childbearing age [75]. Carbamazepine may cause dizziness,
sedation, hyponatremia, leukopenia, and rare but serious der-
matological reactions, while lamotrigine is generally well toler-
ated but carries a risk of severe skin reactions, particularly with
rapid dose escalation [16] (Table 4; Figure 4).

Atypical antipsychotics used in acute mania and maintenance
therapy are linked to metabolic side effects, including weight
gain, dyslipidemia, insulin resistance, and diabetes risk.
Monitoring of body weight, fasting glucose or HbA1c, lipid pro-
file, and blood pressure is therefore recommended [22]. Drug-
drug interactions are clinically important in bipolar disorder.

Nonsteroidal anti-inflammatory drugs, ACE inhibitors, and
diuretics may increase lithium concentrations and toxicity risk.
Carbamazepine induces hepatic enzymes, reducing the efficacy
of oral contraceptives and other psychotropics, while valproate
increases lamotrigine levels, requiring dose adjustment [83].
Antipsychotics may also potentiate central nervous system de-
pression when combined with sedatives. Special clinical consid-
erations include pregnancy and breastfeeding, where valproate
carries high teratogenic risk, as well as patients with renal, he-
patic, or metabolic comorbidities requiring dose modification
[84]. Medication adherence supported by education, side-effect
management, and follow-up is essential for long-term stability.
Lithium also reduces suicide risk, reinforcing its role in compre-
hensive bipolar disorder management [8, 9].

Yatham et al. [76] provided Canadian Network for Mood and
Anxiety Treatments (CANMAT) and International Society for
Bipolar Disorders (ISBD) guideline recommendations, introduc-
ing a hierarchical framework of first-, second-, and third-line
treatments for acute mania, bipolar depression, and maintenance
therapy, along with guidance for special populations, comorbidi-
ties, and safety monitoring. The evidence is organized according
to research hierarchy, ranging from systematic reviews, meta-
analyses, and randomized controlled trials to observational
studies, qualitative research, consensus guidelines, narrative
reviews, and case reports. This structure prioritizes method-
ological rigor and strength of inference in evaluating pharmaco-
logical efficacy, safety, and monitoring in bipolar disorder. Wang
et al. [82] conducted a PRISMA- and Cochrane-guided system-
atic review and meta-analysis of 15 studies, including RCTs and
open-label trials. Lithium showed a nonsignificant reduction in
suicide attempts and suicide mortality. Suicidal ideation could
not be pooled due to heterogeneity. Limitations included small
sample sizes, diagnostic variability, inconsistent assessment of
suicidality, and subtherapeutic lithium levels, which likely con-
tributed to type II error. However, findings were directionally
consistent with observational evidence suggesting a possible
benefit.

Nierenberg et al. [79] conducted a 6-month multisite pragmatic
randomized controlled trial comparing quetiapine and lithium
with adjunctive personalized treatments. The study included 482
participants, with 364 completing follow-up. It showed strong
real-world applicability and high external validity. However,
treatment flexibility and attrition introduced confounding
and reduced internal control. Nederlof et al. [81] performed a
retrospective database study of 1583 lithium-treated patients.
Monitoring compliance rates were 65% for lithium levels, 73%
for creatinine, and 54% for TSH, while only 16% achieved full

Neuropsychopharmacology Reports, 2026

11 of 16



(yS1y) parood jou :uoneIpI
[eproIns (Syjeap €1 "sA
81" 1-ST°0 ID %S6) 19°'0=¥0
:K31TB)I0W SPIOINS {(SIUDAD
€9 'SA ST 1€ T-TH'0 ID %S6)
€L°0 =140 :s1dueiie aproms

%91 :9ouerdwoo [[nJy
%S "HS.L ‘%€ L :9UIUNRIID
%G9 S[OAS] WINIYIIT

PALNUBPI SAWSY) 9

Pa19[dW0d $9¢ {PI[[OIUS T8

§59001d SNSUISU0D
9y} uo paseq

NH.L ‘SIS ‘erwaue onsejde
‘stsojfoo[nuere are1
‘%01~ Ul eruadoynaf/ysey

[euniou HAH ‘g€ Aep
uo pareadde swojdwAs

K3197eS pue Aoed13jo
JO UONRIDPISUOD
renba paziseydwg

suidrnjowre|
‘wrnIyy ‘xooidearp
/WNIYII] F dUuopIseIn|
‘ourdenjenb :uorssaxdop
I Tejodiq durl-3sitg
‘ourzeadrres ‘ouopriadsil
‘ouoprradifed ‘ojozeididire
‘ourdeuase ‘xao1d[eArp
‘Qurdenionb ‘wnrying
TRTUBW 9)NOR UI[-ISIT]

Ky1ousdoi93ay 03 onp pajood
9q J0U PINOJ UONEaP! [epromng
“JuedJTUSIS A[[BO1ISIIBIS JOU dIoM
SJINSaI 9y INq ‘AI[LIIOW 9PIOINS pue
syduwa)ye SpIoIns uo 309JJ9 dA1309301d
A[TeUOTI02IIP B POMOYS WINIYIIT

paynuapt sded (gurioyuowt
aurEpms yIrm sduerduwod mo

soouaI9pa1d Surreys pue ‘sySII
‘sa1niedy ‘osodind uo sawoy) PaIIUIPT

Su1139s plI0M-[€3I B UI SOINSBAWL
[euonouny pue ‘saWIod)No poowr
‘SULIRY ‘SSOUIAIIORJJD paredwio)

SUOIIEPUaW U031 SULIOUOW
o1j109ds-3nap pue [erouad padojoasq

uowrwodun st ured 1yJrom ‘SjuaAd
9SIOAPE 9IBI PUE UOWIWOD PAQLIOSA(

UON)ENUNUOISIP 19}J8 PIAJOSAT
Ao} ‘wInIy)I] wniss [ewiou
91dsap PaIINID0 SUOISTNAUO))

douepIing jusuryean)
[eonoed ojur aoudrIadxa
[BOTUI[O PUB S0UPIAD pajeIdojul

senIpiqiowod pue ‘suoniendod
[eroads ‘A1oyes papn[our {ourBUUTRU
pue ‘vorssaidap [ 1ejodiq ‘eruewr
9)NOE 10J SJUSWIBAI) dUI[-PIIY}
-puo2as ‘-1SI1J [eITYOIRISTH

SUONIPUOD pIje[al
pue 1opi1osIp 1ejodiq
ur A)IpepIomns uo
WNIYNT JO 309

douerduwod
uriojruowr £10jeI0QRT

K3orouyo9) Suriojruow
-poou QAISSBJ

(ADIOHD Iefodig)
wniyyr sa surdenand

spiepuels
Suriojruowr £)o5es

$)09JJ9 9SIGAPY

Kyayes wnrgy

A1[1qeI9703 pue ‘Ajajes
‘“Koeo13J0 paouereg

SUOT}BPUSTITIOIT
juourieany rejodrg

9¢0¢ = u {(]oqe[-uado
L ‘SLDY 8) SAIpMIs ST

sjyuonyed pajean
NIy €8S1T

IopIosIp Tejodiq
UM S[eNPIAIPUL LT

parerdwod 9¢
‘pazrwiopuelr Z8y

dnoi3yrom qgsI

surdezewreqied
Jursn syuenyed rejodig

IopiIosIp rejodiq yirm
S[BWIS) P[O-18AL-TH

[oued 110dx9
[eUOT}RUISIUT

SISOUJUAS
90UAPIAD QO[O

SIsA[eue-ejow pue

MATAJI OTIBUIISAS

papms-aueIyoo)
pue -yINSIdd

Apnjs aseqejep
aanoadsonay

Apnys dnoid
SNO0J 2AneIIeN)

[BLI} PI[[OIIUO0D
paziwopuel
onewdeid yyuow-9

juawdo[oAap
ouIfepIng snsuasuo)

MIIARI K39JeS Teonoeld

110da1 ase)

MITAJI
SNSUISUOD [BIIUI[D

(snsuasuod qgSI

pue LVIAINVD)
9repdn aurepIng

[z8] ‘e 30 Suem

[18] ‘T8 30 JOo[IopaN
[08]

Te 319 WYSUM [NV

l64]

‘Te 19 S19qURIAIN

[¥L] Te 19 8N

[8£] ‘Te 10 181N

(L] e 10wy

[€L] Te 32 IYTRIN

[92] T 30 wreyeX

elep saneIuUENn)

sSurpury Ao

SNJ0J ureN

adooss/uoneindodg

uSrsop Apnig

S9OUDIYOY

‘Surrojruow pue ‘A1o§es Jyuowadeurur I9pIosip 1ejodiq uo sarpniIs A9y | ¥ ATAV.L

Neuropsychopharmacology Reports, 2026

12 of 16



Therapeutic Monitoring

A(iverse Effects

» Metabolic effects (weight gain, diabetes)
* Renal toxicity

* Thyroid dysfunction
* Hepatotoxicity

* Serum lithium levels
* Renal function (creatinine)
* Thyroid function (TSH)

e Liver function tests

* Metabolic monitoring (glucose, lipids, BP)
* Guideline compliance

Pharmacological
Management of
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¢ Monitoring compliance studies

* Qualitative patient perspectives

FIGURE4 | Key studies on bipolar disorder management, safety, and monitoring.

guideline compliance. The study shows important real-world
monitoring gaps. However, its retrospective design limits causal
inference and may involve incomplete records. Astill Wright et al.
[80] conducted a qualitative focus group study of 17 individuals
with bipolar disorder on passive mood-monitoring technology.
Six key themes were identified, including purpose, features, tim-
ing, risks, and data-sharing preferences. The study provides valu-
able patient-centered insights but is limited by a small sample
size and limited generalizability.

Ng et al. [74] developed international consensus guidelines for
safety monitoring in bipolar disorder. They provided structured
medication-specific and general recommendations. The guide-
lines are clinically useful but may reflect expert subjectivity and
non-systematic evidence weighting. Malhi et al. [73] conducted
a consensus review integrating evidence and expert opinion to
guide bipolar disorder treatment. It emphasized efficacy, safety,
and tolerability. However, it is limited by potential expert bias and
a lack of quantitative synthesis. Nemeroff [85] performed a narra-
tive review of bipolar pharmacotherapy (1985-2001), highlighting
weight gain as a major adverse effect and emphasizing monitoring
and adherence issues. It provides historical safety insight but is out-
dated for current treatment standards. Fuller et al. [78] conducted
a safety review of carbamazepine. They reported common adverse
effects such as rash and leukopenia, rare severe hematologic and
dermatologic reactions, and a low risk of significant weight gain.
However, the evidence is based on older pharmacovigilance data.
Chen et al. [77] reported a single case of lithium-associated con-
vulsions despite normal serum levels, which resolved after discon-
tinuation. This highlights the need for clinical monitoring beyond
laboratory values. However, as a case report, it has very limited
generalizability and cannot establish causality.

5 | Future Directions

Future research in bipolar disorder should focus on preci-
sion medicine approaches to improve treatment selection,
long-term outcomes, and safety monitoring. Despite strong
evidence supporting lithium and certain second-generation
antipsychotics, treatment response remains heterogeneous.
Biomarker-guided stratification, pharmacogenomic inte-
gration, and individualized therapy are needed to optimize
effectiveness. Cognitive dysfunction in BD remains under-
investigated. Future studies should evaluate both pharma-
cological and psychological interventions using robust trial
designs and validated biomarkers. Emerging therapies, in-
cluding acetylcholinesterase inhibitors, dopamine agonists,
immune modulators, and metabolic agents, warrant further
clinical testing.

Long-term safety and adherence also require attention. Real-
world monitoring of laboratory parameters, metabolic ef-
fects, and neonatal outcomes during pregnancy is essential.
Novel digital tools for passive mood and adherence monitor-
ing should be developed and evaluated for feasibility, safety,
and patient acceptability. Combination therapies, including
adjunctive interventions like milk-derived exosomes or other
neuroprotective agents, may improve outcomes and should be
tested in both preclinical and clinical studies. Comparative
effectiveness studies can clarify optimal strategies for re-
lapse prevention, cognitive enhancement, and functional re-
covery. Future research should integrate molecular, clinical,
and real-world evidence. This approach will support individ-
ualized, safe, and effective BD management across diverse
populations.
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6 | Limitations of This Narrative Review

This narrative review has inherent limitations. It is based on
previously published studies with heterogeneous designs, pop-
ulations, and outcome measures, which limits direct compari-
son. Many included studies were observational or retrospective,
increasing the risk of bias and confounding. Some evidence,
particularly regarding cognitive interventions, emerging thera-
pies, and long-term safety, remains limited or preliminary. Due
to methodological heterogeneity, quantitative synthesis was not
performed. Additionally, publication bias and language restric-
tions may have influenced the available evidence. Therefore,
findings should be interpreted with caution.

7 | Conclusion

This review demonstrates significant advances in the pharma-
cological management of bipolar disorder. Mood stabilizers,
particularly lithium, valproate, lamotrigine, quetiapine, and se-
lected second-generation antipsychotics, show consistent efficacy
in acute treatment and relapse prevention. Lithium provides
the strongest evidence for reducing recurrence and mortality.
However, treatment-related adverse effects, including metabolic
disturbances, weight gain, cognitive impairment, and organ toxic-
ity, require careful monitoring. Antidepressant use remains con-
troversial due to variable efficacy and the risk of mood switching.
Combination therapy and accurate diagnosis are essential for safe
use. Mechanistic evidence suggests that mood stabilizers exert
neuroprotective and signaling pathway effects, supporting their
long-term therapeutic value. Despite clear guideline recommen-
dations, real-world monitoring adherence remains suboptimal.
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