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Abstract

Introduction: Bipolar Disorder (BD) affects millions worldwide, impacting emotional, social,
and cognitive functioning. This disorder, characterized by alternating episodes of mania and
depression, carries high risks including suicide. Pharmacological treatment is the cornerstone
of management, but its effectiveness can be limited, prompting the exploration of adjunctive
treatment methods. This paper discusses the potential of interventions such as physical activity,
sleep regulation, psychotherapy, and research on inflammation and gut microbiota as

supplementary elements to standard BD treatment.
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Objective: This review aims to evaluate the role of adjunctive therapies, including physical
activity, sleep regulation, inflammation, gut microbiota interventions, and psychotherapy, in
improving outcomes for patients with BD.

Materials and Methods: A literature review covering research on various forms of treatment
for bipolar disorder, the impact of physical activity, inflammation, microbiota, sleep and
psychotherapy in the treatment of this disease, published on the PubMed and Google Scholar

platforms.

Conclusions: Emerging evidence suggests that non-pharmacological interventions can
complement standard treatments for BD. Physical activity helps alleviate depressive symptoms
and improve psychosocial functioning, while regulating sleep patterns can reduce mood
disturbances and suicidality. Managing systemic inflammation and optimizing gut microbiota
may address neuropsychiatric symptoms and enhance cognitive performance.
Psychotherapeutic approaches like CBT and MBCT lower relapse rates and improve quality of

life. Integrating these strategies into routine care could enhance long-term management of BD.

Keywords: bipolar disorder, physical activity, inflammation, microbiota, psychotherapy, sleep

regulation, sleep



Introduction:

In 2019, bipolar disorder affected approximately 1 in 150 adults worldwide, accounting for 40
million people. The disorder primarily occurs in individuals of working age, although it can
also be observed among adolescents. [1] An increasing number of elderly individuals live with

symptoms of this condition, and this percentage is expected to rise steadily. [2]

People with bipolar disorder experience mood swings, cycling between extreme emotional
states such as mania (impulsivity, reduced need for sleep, increased energy and hyperactivity,
decreased anxiety and depression) and depression (helplessness, anhedonia, reduced energy and
activity). [3]

Bipolar disorder (BD) is divided into two subtypes: type | (BD-I) and type Il (BD-I11). BD-I is
characterized by the occurrence of at least one fully symptomatic manic episode, whereas BD-
Il involves alternating episodes of depression and hypomania. The disorder is associated with
a high risk of premature death, significant disability, psychosocial functioning difficulties [4],

and cognitive impairments. [5] Among BD patients, approximately 10% will die by suicide. [6]

Bipolar disorder is a highly heterogeneous and multifactorial disease, marked by a significant

individual and societal burden. [7]

Recent large-scale genetic studies in humans have confirmed that the risk of developing bipolar
disorder has a complex polygenic nature and shares common features with other major

neuropsychiatric disorders. [8]

Its development, course, and outcomes may be influenced by various factors, including
biological (e.g., genetic), psychological, social, and structural factors. Adverse life events or
challenging circumstances, such as bereavement, violence, or the breakdown of relationships,
may trigger or exacerbate symptoms of the disorder. Additionally, alcohol and drug use can

affect the development and progression of bipolar disorder. [1]

The cornerstone of treatment for bipolar disorder is pharmacological therapy, which includes
the prophylactic use of lithium salts or sodium valproate, an antiepileptic drug. Mood episodes

are treated with antipsychotics, antidepressants, and anticonvulsants. Psychoeducation and



various forms of psychological therapy are essential support in treatment. However, currently
available treatment methods have limited efficacy, and the medications used may cause
significant side effects. [6]

BIPOLAR DISORDER AND PHYSICAL ACTIVITY

Physical activity (PA) is recommended as part of lifestyle intervention in the treatment of various mental disorders
and has shown specific therapeutic benefits for unipolar depression. Due to the similarity of depressive symptoms
in individuals with bipolar disorder (BD) and unipolar depression, it can be assumed that physical exercise may
also offer benefits in the treatment of bipolar depression. A study included fifteen patients diagnosed with BD type
I or type 11 who were experiencing a depressive episode. After physical and functional assessments, the patients
participated in supervised training sessions, including aerobic exercises followed by strength training, three times
a week for 12 weeks (36 training sessions). Nine patients (82%) showed an antidepressant response, defined as a
reduction of more than 50% in depressive symptoms by the 12th week, with five of these patients (45%) meeting
the criteria for full remission. This study provides significant data supporting the use of physical activity to
alleviate depressive symptoms in BD and suggests its potential adjunctive antidepressant effects. Additionally,

physical exercise had a positive impact on muscle strength and body composition. [9]

Programs that include low-intensity activities, such as walking, optional elements of social and
healthy lifestyle engagement, and guidance from an instructor who can provide support in
motivation and overcoming physical and mental health barriers experienced by adults with BD,
may be best suited to the preferences of this group regarding physical activity. Individuals with

poor mental health may require greater support to overcome these barriers. [10]

Strong evidence indicates that physical activity (PA) has a beneficial effect on the treatment of
mild and moderate depression in children, adolescents, and adults, as well as severe depression,
anxiety disorders, and psychotic disorders in adults. It reduces the risk of developing
depression, anxiety, and, to a lesser extent, psychosis. Additionally, it improves

cardiorespiratory fitness and sleep quality in individuals with mental health disorders. [11]



BIPOLAR DISORDER AND INFLAMMATION

Knowledge about the immune response in mental disorders highlights the correlation between
inflammation  and  various  aspects of  bipolar  disorder  (BD). [12]
Inflammatory processes may play a role in increasing morbidity and mortality risks in
individuals with bipolar disorder, indicating a mutual interaction between inflammation and the
course of the disease. The aim of a pilot study was to analyze the relationship between C-
reactive protein (CRP) levels and the severity of BD symptoms. In a retrospective observational
study, data from 61 hospitalized patients were analyzed, measuring CRP levels at admission
(TO) and after seven days of hospital treatment (T1). After one week, a statistically significant
decrease in CRP levels (p < 0.001) was observed, along with a positive correlation between
CRP levels and CGI scores both at the beginning and after one week of treatment. Patients
exhibited reduced CRP levels during the first week of therapy, suggesting a potential link

between inflammation reduction and improvement in BD symptoms. [13]

Individuals exposed to higher levels of inflammation over a prolonged period experienced more
manic symptoms, suggesting that inflammatory processes may have a cumulative impact on the
course of the disorder, particularly in the context of manic episodes. [14]
Additionally, individuals with BD exhibit deficits in cognitive-affective processing, which may
persist despite the remission of acute symptoms. One possible biological mechanism for these
deficits is chronic low-grade inflammation, which is associated with impairments in executive
functions and memory. A study involving 119 adult patients with BD | and 11 confirmed that
inflammation, as measured by CRP levels, may influence the integration of cognitive-affective
processes. This study highlights the connection between inflammation and cognitive abilities
in BD, increasing the likelihood that inflammation also impacts the integration of cognitive-

behavioral processing. [15]

The pro-inflammatory hypothesis in BD is supported by evidence showing that both
antipsychotic medications and lithium reduce the expression of inflammatory genes in
monocytes in individuals suffering from the disorder. Key mechanisms linking immuno-
inflammatory signaling with mood disorders include altered serotonin metabolism in the central

nervous system and dysregulation of the hypothalamic-pituitary-adrenal axis. [16]



GUT MICROBIOTA AND BIPOLAR DISORDER

Growing evidence supports a bidirectional relationship between the brain and gut microbiota,
known as the "gut-brain axis,” which may influence behavior and the pathology of mental
illnesses. [17]
Gastrointestinal pathologies, considered common comorbidities in BD and other mental
disorders, suggest a connection between gastrointestinal dysfunctions and mental health.
Irritable bowel syndrome (IBS), with a prevalence of approximately 11% in the general

population, is one such example. [18]

Fecal microbiome analyses revealed that patients with BD have a reduced abundance of
Firmicutes and Faecalibacterium spp. compared to healthy controls. Moreover, this difference
correlated with the severity of reported symptoms. [19]
Studies on probiotic interventions yielded the following results: administering probiotics
containing strains of Lactobacillus spp. and Bifidobacterium lactis significantly reduced the
frequency of psychiatric rehospitalizations in patients recently discharged after a manic episode.
This effect was particularly pronounced in individuals with initially elevated levels of systemic

inflammation. [20]

The impact of probiotic treatment was also examined regarding gastrointestinal symptoms in
patients with the euthymic form of BD, with such symptoms observed in over half of the
participants. Approximately one-third of the patients reported improvement, including reduced
bloating and more frequent bowel movements. Additionally, reduced cognitive reactivity to a

sad mood and significant alleviation of manic symptoms were noted. [21]

The future of research into the connections between gut microbiota and neurocognitive aspects
in BD patients appears promising. Current studies have provided solid evidence that
microbiota-derived metabolites, neurotransmitters, and gut-related hormones play a crucial role

in cognitive processes. [22]



BIPOLAR DISORDER AND SLEEP

Sleep disturbances are common in the psychiatric population and significantly affect the course
and effectiveness of treatment for mental disorders. Abnormal sleep is also a key symptom of
bipolar disorder (BD), with 23% to 78% of patients reporting symptoms of hypersomnia. [23]
Insomnia is associated with an increased risk of suicidal ideation and manic episodes. Sleep
disturbances frequently occur in BD patients during various phases of the illness, including
euthymia [24] and remission. These disturbances include not only insomnia but also disruptions
in sleep-wake rhythms, such as delayed sleep phase disorder. The patterns of these disturbances
vary depending on the mood phase. During manic episodes, most patients (66—99%) experience
a reduced need for sleep, prolonged sleep onset latency, and difficulty maintaining sleep. Sleep
deprivation can act as a trigger for manic episodes. In depressive states, sleep disturbances may

include both insomnia (40-100%) and excessive sleepiness (23-78%).

Studies have shown that circadian rhythm disturbances in sleep-wake cycles occur in 32.4% of
patients with BD type I or Il. An early onset of the disorder and a family history of suicide were
significantly associated with these disturbances. [23] Patients in remission exhibited prolonged
total sleep time, increased wakefulness after sleep onset, greater variability in sleep-wake

rhythms, and reduced sleep efficiency. [25]

A two-year study examined the relationship between sleep quality and mood symptoms in
adolescents with bipolar disorder, focusing on how sleep quality affected emerging mood
symptoms. Adolescents with bipolar disorder showed poor sleep quality, which initially
improved but later stabilized. After six months, poorer sleep quality was associated with
increased depression, hypomania, and suicidal ideation in the following month. Adolescents
who attempted suicide during the study had worse sleep quality compared to those who did not.
Similarly, in the months preceding a suicide attempt, sleep quality was worse than in months
without such attempts. Furthermore, higher depression severity predicted decreased sleep
quality at the beginning of the study and during the third and eighteenth months. In contrast,
the severity of suicidal ideation influenced worsening sleep quality at the start of the study and

during the twelfth and eighteenth months. [26]



BIPOLAR DISORDER AND PSYCHOTHERAPY

It is increasingly emphasized that pharmacotherapy alone is insufficient to prevent relapses in
bipolar disorder or to completely alleviate post-episode symptoms and functional impairments.

[27] Psychotherapy can be considered a supportive method. [28]

Outpatients with bipolar disorder may benefit from psychosocial skill-based interventions
combined with pharmacotherapy. [29] Psychotherapeutic interventions have been shown to be
effective in reducing depressive symptoms. Both psychoeducation and cognitive-behavioral
therapy (CBT) are associated with prolonging the time to relapse or the next mood episode.
Mindfulness-based cognitive therapy (MBCT) has shown particular effectiveness in alleviating
symptoms of depression and anxiety. There is substantial evidence supporting the effectiveness

of psychotherapeutic interventions in treating bipolar disorder. [30]

Patients significantly improved their psychosocial functioning, with effects observed from
baseline to the end of treatment. During the intervention period, patients' quality of life
improved significantly in terms of physical health. [31]
Psychoeducation combined with CBT significantly reduced manic symptoms. [32]

Summary

Bipolar affective disorder (ChAD) is a complex mental disorder characterized by alternating
episodes of mania and depression, significantly impacting cognitive, social, and physical
functioning. While pharmacological treatment is effective, it often requires supplementation
with non-pharmacological therapies such as physical activity, psychotherapy, or sleep
regulation. New research directions highlight the significant role of inflammation and gut
microbiota in the course of ChAD, suggesting opportunities for the development of more
individualized therapies. An integrated treatment approach that combines various interventions

improves the effectiveness of therapy and quality of life for patients.



Author's contribution

Conceptualization, EJJ; methodology, KR; software, EJJ, KR, JNS, MN; check, MN, MR;
formal analysis EJJ, KR; investigation, JNS, MN; resources, EJJ, MR; data curation, KR;
writing— rough preparation MN, MR ; writing-review and editing, EJJ, ; visualization, JNS,

KR,; supervision, MN, EJJ, JNS ; project administration, MR

All authors have read and agreed with the published version of the manuscript.

Funding Statement

The article did not receive any funding.

Institutional Review and Board Statement

Not applicable.

Informed Consent Statement

Not applicable.

Data Availability Statement

Not applicable.

Conflict of Interest Statement

Authors declare no conflicts of interest.

References:

[1] “Bipolar  disorder.”  Accessed: Dec. 03, 2024. [Online]. Available:

https://www.who.int/news-room/fact-sheets/detail/bipolar-disorder

10



[2] I. Arnold, J. Dehning, A. Grunze, and A. Hausmann, “Old Age Bipolar Disorder—
Epidemiology, Aetiology and Treatment,” Medicina (B Aires), vol. 57, no. 6, p. 587, Jun. 2021,
doi: 10.3390/MEDICINA57060587.

[3] K. R. Merikangas et al., “Prevalence and Correlates of Bipolar Spectrum Disorder in
the World Mental Health Survey Initiative,” Arch Gen Psychiatry, vol. 68, no. 3, p. 241, Mar.
2011, doi: 10.1001/ARCHGENPSYCHIATRY.2011.12.

[4] M. Ekman, O. Granstrom, S. Omérov, J. Jacob, and M. Landén, “The societal cost of
bipolar disorder in Sweden,” Soc Psychiatry Psychiatr Epidemiol, vol. 48, no. 10, pp. 1601—
1610, Oct. 2013, doi: 10.1007/S00127-013-0724-9.

[5] E. Palsson et al., “Neurocognitive function in bipolar disorder: a comparison between
bipolar I and II disorder and matched controls,” BMC Psychiatry, vol. 13, p. 165, Jun. 2013,
doi: 10.1186/1471-244X-13-165.

[6] P. J. Harrison, J. R. Geddes, and E. M. Tunbridge, “The Emerging Neurobiology of
Bipolar Disorder,” Trends Neurosci, vol. 41, no. 1, pp. 18-30, Jan. 2018, doi:
10.1016/J.TINS.2017.10.006.

[7] G. H. Jones, C. M. Vecera, O. F. Pinjari, and R. Machado-Vieira, “Inflammatory
signaling mechanisms in bipolar disorder,” J Biomed Sci, vol. 28, no. 1, Dec. 2021, doi:
10.1186/512929-021-00742-6.

[8] S. J. Haggarty, R. Karmacharya, and R. H. Perlis, “Advances toward precision medicine
for bipolar disorder: mechanisms & molecules,” Mol Psychiatry, vol. 26, no. 1, p. 168, Jan.
2020, doi: 10.1038/S41380-020-0831-4.

[9] B. Lafer et al., “Structured physical exercise for bipolar depression: an open-label,
proof-of concept study,” Int J Bipolar Disord, vol. 11, no. 1, Dec. 2023, doi: 10.1186/S40345-
023-00294-8.

[10] G.A.Tewetal., “Physical Activity in Adults with Schizophrenia and Bipolar Disorder:
A Large Cross-Sectional Survey Exploring Patterns, Preferences, Barriers, and Motivating
Factors,” Int J Environ Res Public Health, vol. 20, no. 3, p. 2548, Feb. 2023, doi:
10.3390/1JERPH20032548/S1.

[11] B. Stubbs et al., “EPA guidance on physical activity as a treatment for severe mental
illness: a meta-review of the evidence and Position Statement from the European Psychiatric
Association (EPA), supported by the International Organization of Physical Therapists in
Mental Health (IOPTMH),” European Psychiatry, vol. 54, pp. 124-144, Oct. 2018, doi:
10.1016/j.eurpsy.2018.07.004.

11



[12] A. Arslan, O. Aydin, and F. P. Cokmiis, “Editorial: The inflammation markers in
schizophrenia and bipolar disorder: Do we have promising results?,” Front Psychiatry, vol.
13, p. 1128355, Jan. 2023, doi: 10.3389/FPSYT.2022.1128355.

[13] A. Cuomo et al., “Biomarkers, Inflammation, and Bipolar Disorder: Association
Between the Improvement of Bipolar Disorder Severity and the Improvement in C-Reactive
Protein Levels After 7 Days of Inpatient Treatment,” Front Psychiatry, vol. 12, Dec. 2021,
doi: 10.3389/FPSYT.2021.803034.

[14] R. Queissner et al., “The influence of chronic inflammation on the illnesscourse of
bipolar disorder: A longitudinal study,” J Psychiatr Res, vol. 174, pp. 258-262, Jun. 2024, doi:
10.1016/J.JPSYCHIRES.2024.04.024.

[15] A. T. Peters et al., “C-reactive protein and affective inhibition in bipolar disorder,” J
Affect Disord, vol. 306, pp. 39-46, Jun. 2022, doi: 10.1016/J.JAD.2022.02.073.

[16] R. Machado-Vieira, A. C. Courtes, C. A. Zarate, 1. D. Henter, and H. K. Manji, “Non-
canonical pathways in the pathophysiology and therapeutics of bipolar disorder,” Front
Neurosci, vol. 17, p. 1228455, 2023, doi: 10.3389/FNINS.2023.1228455.

[17] G. Clarke, R. M. Stilling, P. J. Kennedy, C. Stanton, J. F. Cryan, and T. G. Dinan,
“Minireview: Gut microbiota: the neglected endocrine organ,” Mol Endocrinol, vol. 28, no. 8,
pp. 1221-1238, 2014, doi: 10.1210/ME.2014-1108.

[18] S. A.Flowers, K. M. Ward, and C. T. Clark, “The Gut Microbiome in Bipolar Disorder
and Pharmacotherapy Management,” Neuropsychobiology, vol. 79, no. 1, pp. 43-49, Jan.
2020, doi: 10.1159/000504496.

[19] S.J. Evans et al., “The gut microbiome composition associates with bipolar disorder
and illness severity,” J Psychiatr Res, vol. 87, pp. 23-29, Apr. 2017, doi:
10.1016/J.JPSYCHIRES.2016.12.007.

[20] F. Dickerson et al., “Adjunctive probiotic microorganisms to prevent rehospitalization
in patients with acute mania: A randomized controlled trial,” Bipolar Disord, vol. 20, no. 7,
pp. 614-621, Nov. 2018, doi: 10.1111/BDI.12652.

[21] E. Z. Reininghaus et al., “Probiotic Treatment in Individuals with Euthymic Bipolar
Disorder: A Pilot-Study on Clinical Changes and Compliance,” Neuropsychobiology, vol. 79,
no. 1, pp. 71-79, Jan. 2020, doi: 10.1159/000493867.

[22] W. Dai et al., “Gut Microbial Dysbiosis and Cognitive Impairment in Bipolar Disorder:
Current Evidence,” Front Pharmacol, vol. 13, p. 893567, May 2022, doi:
10.3389/FPHAR.2022.893567.

12



[23] A.Hombali et al., “Prevalence and correlates of sleep disorder symptoms in psychiatric
disorders,”  Psychiatry Res, wvol. 279, pp. 116-122, Sep. 2019, doi:
10.1016/J.PSYCHRES.2018.07.009.

[24] T. Roloff, 1. Haussleiter, K. Meister, and G. Juckel, “Sleep disturbances in the context
of neurohormonal dysregulation in patients with bipolar disorder,” Int J Bipolar Disord, vol.
10, no. 1, Dec. 2022, doi: 10.1186/S40345-022-00254-8.

[25] Y. Hacimusalar, O. Karaaslan, E. Misir, O. C. Amuk, and G. Hacimusalar, “Sleep
quality impairments in schizophrenia and bipolar affective disorder patients continue during
periods of remission: a case-controlled study,” Sleep Sci, vol. 15, no. 1, pp. 47-54, 2022, doi:
10.5935/1984-0063.20210036.

[26] M. E. Stepan, P. L. Franzen, G. I. Teresi, N. Rode, and T. R. Goldstein, “Sleep quality
predicts future mood symptoms in adolescents with bipolar disorder,” J Affect Disord, vol.
361, pp. 664673, Sep. 2024, doi: 10.1016/J.JAD.2024.06.069.

[27] G. M. Goodwin et al., “Evidence-based guidelines for treating bipolar disorder: revised
third edition Recommendations from the British Association for Psychopharmacology,” J
Psychopharmacol, vol. 30, no. 6, p. 495, Jun. 2016, doi: 10.1177/0269881116636545.

[28] J.R. Geddes and D. J. Miklowitz, “Treatment of bipolar disorder,” Lancet, vol. 381, no.
9878, pp. 1672-1682, 2013, doi: 10.1016/S0140-6736(13)60857-0.

[29] D.J. Miklowitz et al., “Adjunctive Psychotherapy for Bipolar Disorder: A Systematic
Review and Component Network Meta-analysis,” JAMA Psychiatry, vol. 78, no. 2, pp. 141—
150, Feb. 2021, doi: 10.1001/JAMAPSYCHIATRY.2020.2993.

[30] S. Salcedo et al., “Empirically supported psychosocial interventions for bipolar
disorder: Current state of the research,” J Affect Disord, vol. 201, pp. 203-214, Sep. 2016, doi:
10.1016/J.JAD.2016.05.018.

[31] P. Haffner et al., “Improving functional outcome in bipolar disorder: A pilot study on
metacognitive training,” Clin Psychol Psychother, vol. 25, no. 1, pp. 50-58, Jan. 2018, doi:
10.1002/CPP.2124.

[32] M. Lou Chatterton, E. Stockings, M. Berk, J. J. Barendregt, R. Carter, and C.
Mihalopoulos, “Psychosocial therapies for the adjunctive treatment of bipolar disorder in
adults: network meta-analysis,” Br J Psychiatry, vol. 210, no. 5, pp. 333-341, May 2017, doi:
10.1192/BJP.BP.116.195321.

13



