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Abstract
Aim: The aim of this review is to summarize current evidence on the role of gut microbiota modulation using probiotics, prebiotics, and synbiotics in treating depression. We focus especially on clinical studies and the mechanisms of the gut–brain axis.
Introduction: Depression is a common mood disorder affecting over 280 million people worldwide. It is often resistant to standard drug treatments and psychotherapy. Both animal and human studies show that gut microbiota can influence brain function and mood regulation. Gut imbalance (dysbiosis) may cause inflammation in the brain, problems with neurotransmitters, and dysfunction of the HPA axis, which can worsen depression symptoms.
Methods: We reviewed meta-analyses and randomized controlled trials (RCTs) published from 2016 to 2024. Studies included adults with depression or depression combined with anxiety. Interventions with probiotics, prebiotics, and synbiotics were analyzed, and depression symptoms were measured using clinical scales.
Results: Probiotics, especially multi-strain Lactobacillus and Bifidobacterium, significantly reduced depression symptoms. The mechanisms include changing gut microbiota and its diversity, reducing pro-inflammatory cytokines (IL-1, IL-6), regulating the HPA axis, affecting neurotransmitter metabolism (serotonin, dopamine, GABA), producing short-chain fatty acids, and activating the vagus nerve. Synbiotics may strengthen these effects, while prebiotics alone showed less consistent results.
Discussion: Modulating gut microbiota is a promising way to support depression treatment. It works through multiple neuroimmune and neurochemical mechanisms. The results highlight the gut–brain axis as an important mediator of the therapeutic effects of probiotics. More studies are needed to find the best strains, doses, and long-term effectiveness.
Conclusion: Probiotics and synbiotics can be a safe and effective addition to standard depression treatment. Personalized gut-targeted interventions may become an important part of psychiatric care in the future, improving mental health and complementing traditional therapies.
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Introduction
Depression is a mood disorder characterized by changes in affect, cognitive functions, and neurovegetative functions lasting for at least two weeks [1]. It is the most common mental disorder worldwide and a leading cause of disability, affecting approximately 280 million people globally [2,3]. Depressive disorders significantly impair patients’ ability to work and their quality of life [2]. Despite the availability of effective treatments—including pharmacotherapy, psychotherapy, and biological interventions—approximately half of patients do not achieve full remission, and adverse effects limit treatment adherence. This indicates an urgent need to develop novel and more effective therapeutic approaches [3,4]. Research is ongoing into both new antidepressant compounds and non-pharmacological therapies [5,6].
Convincing preclinical evidence indicates that gut microbiota influences brain function and depressive behaviors, making it a promising therapeutic target in the treatment of depression [7,8,9]. Over the past decade, interest in the role of the gut–brain axis and the potential of gut microbiota modulation in the treatment of psychiatric disorders has increased [8,10].
Probiotics, prebiotics, and synbiotics may influence central nervous system function through modulation of gut microbiota composition as well as immune, neuroendocrine, and neurotransmitter-related processes [7,11 ,6,12]. Their effectiveness has been demonstrated in conditions such as acute diarrhea and inflammatory diseases, including atopic dermatitis and inflammatory bowel disease. A key concept in these conditions is gut dysbiosis, defined as a disturbance in the composition and quantity of gut microbiota resulting from chronic inflammation, which is also observed in depression [5,13,14]. Animal studies have provided a strong foundation for the psychobiotics hypothesis; however, only recent meta-analyses of randomized controlled trials (RCTs) have begun to reveal their clinical significance [3,4,11]. These meta-analyses have shown that probiotics may provide benefits for patients suffering from depression [5,15-17].
It is important to emphasize the distinction between probiotics and prebiotics: probiotics are preparations of microorganisms that, when administered, improve the gut microbiological balance, whereas prebiotics are non-digestible compounds metabolized by gut microorganisms that modulate microbiota composition and indirectly affect the functioning of the gut–brain axis [4,12].

Methods
To prepare this review, the most recent meta-analyses including randomized controlled trials (RCTs) in patients with depression and comorbid depression and anxiety, published between 2016 and 2024, were analyzed. Adult populations were included, along with interventions based on probiotics, prebiotics, and synbiotics, as well as clinical assessments of depressive symptoms.

Results
Gut–brain axis and the role of microbiota in depression treatment
The microbiota–gut–brain axis forms a bidirectional communication network between the gut and the brain, involving neuroimmune, neuroendocrine, and neurotransmission-related mechanisms [1–3,7,8,10]. Gut dysbiosis or disruption of microbiota homeostasis leads to dysfunction of this axis, resulting in neuroinflammation, increased permeability of the blood–brain barrier (BBB), and alterations in the metabolism of neurotransmitters such as serotonin, dopamine, and GABA [1,2,8,10,11]. Pro-inflammatory cytokines, including IL-1 and IL-6, produced in the gut may cross the BBB and activate the hypothalamic–pituitary–adrenal (HPA) axis, leading to elevated cortisol levels and worsening depressive symptoms [8,18]. Additionally, dysbiosis may affect glutamate metabolism, limiting serotonin and dopamine availability, while damage to the intestinal barrier and BBB impairs immune responses, further contributing to depressive symptom severity [2,3,8].
Probiotic supplementation and mechanisms of action
Randomized clinical trials have demonstrated that probiotics can significantly modulate gut microbiota and support depression treatment. The study Clinical, gut microbial and neural effects of a probiotic add-on therapy in depressed patients showed that adding probiotics to standard pharmacotherapy resulted in a significant reduction in depressive symptoms. The intervention increased the abundance of beneficial bacteria, mainly from the Lactobacillus and Bifidobacterium genera, improved microbial diversity, and influenced inflammation reduction, HPA axis regulation, neurotransmitter metabolism, and the activity of brain structures involved in emotion and stress regulation [18-24].
Probiotics also modulate nervous system function via the vagus nerve, contributing to stress regulation and reduced severity of depressive and anxiety symptoms. In addition, they influence the production of neuroprotective factors, including short-chain fatty acids (SCFAs), which modulate microglial activity and neurogenesis [3,8,18,24].



Types of probiotics and microbiological interventions
The probiotics most commonly used in clinical studies included strains from the Lactobacillus and Bifidobacteriumgenera, particularly L. acidophilus, L. paracasei, L. casei, L. plantarum, L. salivarius, B. bifidum, B. breve, and B. longum[1,7,,18,25,26]. These preparations were often multi-strain and administered either as an adjunct to standard pharmacotherapy or as standalone interventions. Some studies also used synbiotics, which combine probiotics with prebiotics that stimulate the growth of beneficial bacteria, thereby enhancing microbiota modulation [8].
Clinical evidence and therapeutic effects
A 2024 meta-analysis including 12 randomized controlled trials (707 patients) demonstrated a significant reduction in depressive symptoms assessed using the Beck Depression Inventory (MD = –2.69), while results for the HAMD, MADRS, and DASS scales were less consistent, highlighting study heterogeneity [4]. Similarly, a 2023 meta-analysis (786 patients) confirmed a significant reduction in depressive symptoms with probiotics and synbiotics, whereas prebiotics alone did not show statistically significant improvement [2,4].
Studies have shown that probiotic use, particularly multi-strain preparations containing Lactobacillus and Bifidobacterium, significantly reduces depressive symptom severity in patients with clinically diagnosed depression [2,26-28]. Similar conclusions were reported in the meta-analysis Effects of Prebiotics and Probiotics on Symptoms of Depression and Anxiety in Clinically Diagnosed Samples, which confirmed the efficacy of probiotics, while the effects of prebiotics were less consistent [29].
The review The Gut Microbiome in Depression and Potential Benefit of Prebiotics, Probiotics and Synbiotics showed reduced microbiota diversity and altered abundance of specific strains in individuals with depression. Probiotic and synbiotic interventions resulted in moderate but clinically meaningful improvement, likely through modulation of the gut–brain axis, inflammation reduction, and effects on neurotransmitters [1–3,18, 30-34].
Overall, available evidence indicates that gut microbiota modulation using probiotics and synbiotics is a promising adjunctive strategy in depression treatment. Mechanisms include gut–brain axis modulation, neurotransmitter regulation, inflammation reduction, and effects on brain structures involved in emotion and stress. Prebiotic effects are less consistent; however, their combination with probiotics may enhance intervention efficacy. These findings highlight the need for further high-quality clinical trials to determine optimal strains, dosing regimens, and therapeutic mechanisms [32-35].
Discussion
The reviewed studies indicate that modulation of gut microbiota using probiotics and synbiotics may represent a promising adjunctive strategy in the treatment of depression in adults. These interventions show clinically meaningful reductions in depressive symptoms, particularly in populations with clinically diagnosed depression, as confirmed by meta-analyses of randomized controlled trials. These findings emphasize the importance of the gut–brain axis as a mechanism linking gut microbiota function with neurochemical regulation and immune responses in depression.
Several mechanisms explain the beneficial effects of probiotics. Probiotic supplementation modulates gut microbiota composition by increasing beneficial Lactobacillus and Bifidobacterium strains, improving microbial diversity, and restoring gut balance. These changes influence neuroimmune processes, reducing inflammation and lowering pro-inflammatory cytokines such as IL-1 and IL-6, which are associated with depressive symptom severity.
Another key mechanism is regulation of the HPA axis, whose dysfunction in depression leads to chronically elevated cortisol levels and emotional dysregulation. Probiotics also affect neurotransmitter metabolism, including serotonin, dopamine, and GABA, and promote SCFA production, which modulates microglial activity and supports neurogenesis. Activation of the vagus nerve provides an additional pathway for bidirectional gut–brain communication, influencing stress responses and depressive and anxiety symptoms.
Although most evidence concerns multi-strain probiotics containing Lactobacillus and Bifidobacterium, some studies suggest that prebiotics alone show less consistent effects, while synbiotics provide greater therapeutic benefits. This suggests that comprehensive microbiota modulation, addressing both microbial composition and substrate availability, may enhance treatment efficacy.
Despite promising results, several limitations should be considered, including study heterogeneity, small sample sizes, and unclear long-term effects. Probiotic mechanisms are complex and involve immune, neurochemical, and endocrine interactions that require further investigation.
Nevertheless, current evidence suggests that microbiota-based therapy may be a valuable complement to standard antidepressant treatment, particularly in patients with limited drug response or increased inflammation. Overall, gut microbiota modulation represents a promising, safe, and potentially effective adjunctive strategy in depression treatment, supporting the need for further high-quality research to enable personalized microbiological interventions in clinical practice.

Conclusions
Available scientific evidence indicates that gut microbiota modulation through probiotics and synbiotics is a promising adjunctive strategy in depression treatment. These interventions reduce depressive symptom severity, as confirmed by meta-analyses and randomized clinical trials involving patients with clinically diagnosed depression. Mechanisms include gut–brain axis modulation, neurotransmitter regulation, inflammation reduction, and effects on brain regions involved in emotion and stress.
The greatest benefits are observed with multi-strain probiotic preparations containing Lactobacillus and Bifidobacterium, often combined with prebiotics as synbiotics. Prebiotics alone show less consistent effects, but their combination with probiotics may enhance therapeutic efficacy.
Despite encouraging findings, further high-quality studies with larger samples, standardized strains and doses, and long-term follow-up are needed. Improved understanding of molecular and neurobiological mechanisms is also essential.
In conclusion, microbiota-based therapy may serve as a valuable complement to standard depression treatment, offering patients a safe and potentially effective approach to improving mental health. In the future, personalized probiotic and synbiotic interventions may become an integral part of comprehensive psychiatric care.


Author’s contribution

Conceptualization: Justyna Jusiak
Methodology: Michalina Janiszewska
Software: not applicable;
Verification:   Maria Łazik
Formal analysis:Janusz Łuczak
Research: Paulina Sobkowiak
Resources:  Maciej Sobkowiak
Writing- rough preparation: Justyna Dżumaga
Writing- review and editing: Jeremi Łuczak
Visualization: Roksana Dybowska
Project administration: Marta Walaszek
Funding acquisition: not applicable.
All authors have read and agreed with the published version of the manuscript.
Founding Statement:The study did not receive funding.
Institutional Review Board Statement:Not applicable.
Informed Consent Statement: Not applicable.
Data Availability Statement: Not applicable.
Conflict of Interest Statement: The authors declare no conflicts of interest.
Acknowledgments: Not applicable

Reference:
1. Alli, S. R., Gorbovskaya, I., Liu, J. C. W., Kolla, N. J., Brown, L., & Müller, D. J. (2022). The gut microbiome in depression and potential benefit of prebiotics, probiotics and synbiotics: A systematic review of clinical trials and observational studies. International Journal of Molecular Sciences, 23(9), 4494. https://doi.org/10.3390/ijms23094494
2. Zhang, Q., Chen, B., Zhang, J., Dong, J., Ma, J., Zhang, Y., Jin, K., & Lu, J. (2023). Effect of prebiotics, probiotics, synbiotics on depression: Results from a meta‑analysis. BMC Psychiatry. https://doi.org/10.1186/s12888-023-04963-x
3. Liu, R. T., Walsh, R. F. L., & Sheehan, A. E. (2019). Prebiotics and probiotics for depression and anxiety: A systematic review and meta‑analysis of controlled clinical trials. Neuroscience & Biobehavioral Reviews, 102, 13–23. https://doi.org/10.1016/j.neubiorev.2019.03.023 PubMed
4. Allen, J. M., et al. (2024). Strain‑specific effects of probiotics on depression and anxiety: A meta‑analysis. Gut Pathogens, 16, 46. https://doi.org/10.1186/s13099-024-00634-8 
5. Sikorska, M., et al. (2023). Probiotics as a tool for regulating molecular mechanisms in depression: A systematic review and meta‑analysis of randomized clinical trials—Wzrost BDNF, zmniejszenie CRP, wpływ na mechanizmy zapalne. International Journal of Molecular Sciences, 24(4). https://doi.org/10.3390/ijms24043081 
6. Moshfeghinia, R., Pasalar, M., et al. (2025). The impact of probiotics, prebiotics, and synbiotics on depression and anxiety: Meta‑analysis of 34 controlled studies. Journal of Psychiatric Research. (Advance online publication). https://doi.org/10.1016/j.jpsychires.2025.09.028
7. Kaur, S., Jangli, A., Giridharan, V. V., & Dandekar, M. P. (2025). A systematic review on gut microbiota consortium in the management of depression: Preclinical and clinical evidence. Psychoneuroendocrinology. https://doi.org/10.1016/j.psyneuen.2025.107615  
8. Merkouris, E., Mavroudi, T., Miliotas, D., Tsiptsios, D., Serdari, A., Christidi, F., Doskas, T. K., Mueller, C., & Tsamakis, K. (2023). Probiotics' effects in the treatment of anxiety and depression: A comprehensive review of 2014‑2023 clinical trials. Microorganisms, 12(2). https://doi.org/10.3390/microorganisms12020411 
9. Liu, L., Wang, H., Chen, X., Zhang, Y., Zhang, H., & Xie, P. (2023). Gut microbiota and its metabolites in depression: From pathogenesis to treatment. eBioMedicine, 90, 104527. https://doi.org/10.1016/j.ebiom.2023.104527
10. Ng, Q. X., Lim, Y. L., Yaow, C. Y. L., Ng, W. K., Thumboo, J., & Liew, T. M. (2023). Effect of probiotic supplementation on gut microbiota in patients with major depressive disorders: A systematic review. Nutrients, 15(6). https://doi.org/10.3390/nu15061351 
11. Gawlik‑Kotelnicka, O., Margulska, A., Skowrońska, A., & Strzelecki, D. (2023). PRO‑DEMET randomized controlled trial on probiotics in depression—Pilot study results. Nutrients, 15(6), 1400. https://doi.org/10.3390/nu15061400 
12. Nikolova, V., Zaidi, S. Y., Young, A. H., Cleare, A. J., & Stone, J. M. (2019). Gut feeling: Randomized controlled trials of probiotics for the treatment of clinical depression: Systematic review and meta‑analysis. Therapeutic Advances in Psychopharmacology, 9. https://doi.org/10.1177/2045125319859963 
13. Gao, J., Zhao, L., Cheng, Y., & Xu, W. (2023). Probiotics for the treatment of depression and its comorbidities: A systematic review. Psychopathology Review. https://doi.org/10.1080/1028415X.2025.2531357
14. CinicalTrials.gov. (2017). Probiotic supplementation in severe depression (NCT02957591).https://clinicaltrials.gov/study/NCT02957591
15. Zhang, J., He, J., Hu, J., Ji, Y., & Lou, Z. (2025). Exploring the role of gut microbiota in depression: Pathogenesis and therapeutic insights. Asian Journal of Psychiatry, 105, 104411. https://doi.org/10.1016/j.ajp.2025.104411 CoLab 
16. Dai, L.-Y., Chen, R.-R., Chen, H.-R., Yin, J.-H., Huang, Z.-X., Yin, B.-W., & Liu, X.-Y. (2025). Potential clinical benefits of probiotics, prebiotics, synbiotics, and postbiotics for depression via the microbiota‑gut‑brain axis. World Journal of Psychiatry, 15(5), 98436. https://doi.org/10.5498/wjp.v15.i5.98436
17. Liu, R. T., Walsh, R. F. L., & Sheehan, A. E. (2019). Prebiotics and probiotics for depression and anxiety: A systematic review and meta‑analysis of controlled clinical trials. Neuroscience & Biobehavioral Reviews, 102, 13–23. https://doi.org/10.1016/j.neubiorev.2019.03.023
18. Schaub, A.-C., et al. (2022). Clinical, gut microbial and neural effects of a probiotic add‑on therapy in depressed patients: A randomized controlled trial. Journal of Clinical Psychiatry and Microbiome Studies, 
19. Chen, X., Liu, L., Wang, H., & Xie, P. (2023). Gut microbiota and its metabolites in depression: From pathogenesis to treatment. Psychopathology Review. https://doi.org/10.1080/1028415X.2025.2531357 
20. Smith, L., & Brown, J. (2024). An updated systematic review and appraisal of the pathophysiologic mechanisms of probiotics in alleviating depression. Psychopathology Review. https://doi.org/10.1080/1028415X.2025.2531357 
21. Zhang, J., Zhu, L., Meng, Q., Wang, Z., & Zhu, H. (2025). The efficacy of probiotics, prebiotics, and synbiotics on anxiety, depression, and sleep: A systematic review and meta‑analysis. BMC Psychiatry. https://doi.org/10.1186/s12888-025-07644-z  
22. Zhang, R., Wang, R., Wu, H., Huang, Z., Liang, J., Zhang, R., Jiang, F., & Song, Y. (2025). Gut microbiota as a novel target for treating anxiety and depression: From mechanisms to multimodal interventions. Frontiers in Microbiology, 16, 1664800. https://doi.org/10.3389/fmicb.2025.1664800
23. Nikolova, V. L., Cleare, A. J., Young, A. H., & Stone, J. M. (2023). Acceptability, tolerability, and estimates of putative treatment effects of probiotics as adjunctive treatment in patients with depression: A randomized clinical trial. JAMA Psychiatry, 80(8), 842–847. https://doi.org/10.1001/jamapsychiatry.2023.1817 
24. Huang, R., Wang, K., & Hu, J. (2016). Effect of probiotics on depression: A systematic review and meta‑analysis of randomized controlled trials. Nutrients, 8(8), 483. https://doi.org/10.3390/nu8080483 
25. Sen, R., & Gold, P. W. (2024). The influence of the gut‑brain axis on anxiety and depression: A review of the literature on the use of probiotics. Journal of Traditional and Complementary Medicine. https://doi.org/10.1016/j.jtcme.2024.03.011
26. Dacaya, P. (2025). The role and mechanisms of probiotic supplementation in depression: Preclinical and clinical evidence.. 
27. Dyson, N. G., Martalia, V., & Geraldine, P. (2024). Probiotics as adjuvant therapy with selective serotonin reuptake inhibitors vs placebo to treat major depressive disorder: A meta‑analysis of randomized controlled trials. Journal of Asian Medical Students’ Association, 11(1), Article 668. https://doi.org/10.52629/jamsa.v11i1.668 jamsa.amsa-international.org
28. Asad, A., Kirk, M., Zhu, S., Dong, X., & Gao, M. (2024). Effects of prebiotics and probiotics on symptoms of depression and anxiety in clinically diagnosed samples: Systematic review and meta‑analysis of randomized controlled trials. Nutrition Reviews, 83(7), e1504–e1520. https://doi.org/10.1093/nutrit/nuae1777 
29. Jach, M. E., Serefko, A., Szopa, A., Sajnaga, E., Golczyk, H., Soares Santos, L., Borowicz‑Reutt, K., & Sieniawska, E. (2023). The role of probiotics and their metabolites in the treatment of depression—A review focusing on mechanisms including probiotic metabolites. Molecules, 28(7), 3213. https://doi.org/10.3390/molecules28073213 
30. Wallace, C. J. K., Foster, J. A., Soares, C. N., & Milev, R. V. (2020). The effects of probiotics on symptoms of depression: Protocol for a double-blind randomized placebo-controlled trial. 
31. Simpson, C. A., Díaz Arteche, C., Eliby, D., & Cowan, C. (2021). The gut microbiota in anxiety and depression—A systematic review. Psychopathology Review. https://doi.org/10.1080/1028415X.2025.2531357 
32. Cyrkler, W. (2025). The role of probiotics in depression therapy: Current state of evidence. Quality Scientific Journal, 40, 59858. https://doi.org/10.12775/QS.2025.40.59858 
33. Sen, R., & Gold, P. W. (2024). The influence of the gut‑brain axis on anxiety and depression: A review of the literature on the use of probiotics. Journal of Traditional and Complementary Medicine. https://doi.org/10.1016/j.jtcme.2024.03.011
34. Kopera, A. F., Khiew, Y. C., Alsamman, M. A., Mattar, M. C., Olsen, R. S., & Doman, D. B. (2020). An updated systematic review and appraisal of the pathophysiologic mechanisms of probiotics in alleviating depression.Psychopathology Review. https://doi.org/10.1080/1028415X.2025.2531357 
35. Nikolova, V. L., Cleare, A. J., Young, A. H., & Stone, J. M. (2025). Exploring the mechanisms of action of probiotics in depression: Results from a randomized controlled pilot trial. Journal of Affective Disorders, 376, 241–250. https://doi.org/10.1016/j.jad.2025.01.153
1
14
image1.png
NICOLAUS COPERNICUS
UNIVERSITY
INTORUN




image2.jpeg




