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Abstract

:

Major depressive disorder and bipolar disorder are the leading causes of global disability. Approximately 50% of patients fail to attain remission, prompting a pronounced focus on the significance of dietary patterns and specific nutrients within the pathophysiology of mood disorders. The connection between chronic diseases and mood disorders follows a bidirectional pattern: physical ailments are interrelated with affective disorders, and, concurrently, mood symptoms often precede chronic diseases and have the potential to worsen their prognosis. Nutraceuticals affect factors that could potentially impact the onset of mood disorders: monoamines and brain-derived neurotrophic factor (BDNF) concentrations, neuroinflammation, oxidative stress, and sleep quality. Furthermore, mood disorders rarely manifest in isolation. Typically, such patients concurrently experience other mental disorders or somatic comorbidities: obesity, hypertension, diabetes, polycystic ovary syndrome (PCOS), etc., where providing nutritional support is also pertinent. To optimize the therapeutic approach for individuals with mood disorders, incorporating nutritional support may not solely ameliorate symptoms stemming directly from the mental condition, but also indirectly through interventions targeting comorbidities.
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1. Introduction


In 2019, major depressive disorder (MDD) and bipolar disorder (BD) were experienced by, respectively, 280 million and 40 million people [1]. Mood disorders represent enduring and debilitating conditions characterized by shared pathophysiological mechanisms and clinical manifestations, but at least one manic/hypomanic episode should be present to diagnose BD [2]. Accurately distinguishing and diagnosing mood disorders remains a formidable task for medical practitioners; the early beginning of MDD, psychotic features, substance abuse, severe depression, and emergence of suicidal ideation should be considered as clinical indicators that may contribute to the prospective reclassification into the diagnostic category of BD [2].



MDD and BD are the leading causes of global disability; they affect daily functioning, decrease life quality, and increase mortality [3]. The therapeutic impact of most antidepressant agents stems from their interaction with monoamine neurotransmitters; additionally, these agents influence processes such as neurogenesis and neuromodulation. In managing manic episodes associated with BD, substances like lithium and atypical antipsychotics are often used [4,5]. Although many efficacious pharmacological agents are accessible, nearly 50% of patients remain unable to attain remission [4], and, with each successive episode, the likelihood of achieving remission diminishes [6].



Mood disorders are heterogeneous conditions of behavior, metabolism, and appetite aberrations. The significance of dietary patterns and distinct nutrients has been underscored in the pathophysiology of mood disorders [7,8]. Depressed individuals frequently experience deficiencies in dietary nutrients, and there seems to be a reciprocal relationship between depression and malnutrition [9]. Considering the potential benefits, interventions based on nutritional strategy as an adjunctive treatment appears promising for patients with mood disorders [10]. Nutraceuticals exhibit healing, neuroprotective, antioxidant, anti-inflammatory, and hypolipidemic properties [11]. Nutraceuticals are increasingly garnering research interest due to their established efficacy in managing chronic conditions, health-promoting capabilities, safety profile, and economic implications [12]. Due to their frequent utilization as adjunctive components in the treatment of mental disorders, The World Federation of Societies of Biological Psychiatry (WFSBP) and Canadian Network for Mood and Anxiety Treatments (CANMAT) have prepared guidelines for clinicians regarding their prescription, safety, and tolerability [13].



Within this manuscript, we present a hypothesis concerning a bidirectional effect between affective disorders and frequently cooccurring diseases, with particular attention on the influence of nutraceuticals, especially on the components contributing to the pathogenesis of these disorders.




2. Pathogenesis


Due to the heterogeneity of mood disorders, their etiology and pathophysiology are multifactorial. The treatment is challenging and necessitates a comprehensive assessment of the patient. Figure 1 summarizes the factors and mechanisms contributing to the onset of mood disorders.



Monoaminergic neurotransmission deficiency is one of the postulated theories of depression origin [14]. Serotonin, dopamine, and noradrenaline participate in brain activities, mood regulation, reward processing, and sleep. This explains why elevating monoamine concentrations via drugs like selective serotonin reuptake inhibitors (SSRIs), serotonin and noradrenaline reuptake inhibitors (SNRIs), and tricyclic antidepressants (TCAs) have antidepressant effects [15,16]. SSRIs and SNRIs are regarded as the initial choice of medication in recurrent depressive disorders’ pharmacological treatment [17]. SSRIs function by inhibiting the serotonin transporter (SERT), for which they have greater specificity than TCAs, resulting in serotonin level elevation within the synaptic cleft; additionally, SSRI are considered more tolerable when compared to other types of antidepressants [18,19]. If SSRIs do not produce the desired effect, SNRIs can contribute to the improvement of the patient’s condition due to their broader range of action, involving both serotoninergic and adrenergic systems [18]. In addition, neurotransmitters exhibit interdependence and exert an influence on their brain concentrations; modifying one of these neurotransmitters likely affects the functioning of others. Complementary to the monoamine hypothesis, glutamate and gamma-aminobutyric acid (GABA) systems are considered to be engaged in pathophysiology of MDD and BD [20]. The rapid therapeutic effect elicited by the administration of ketamine, an NMDA receptor antagonist, resulting in the alleviation of the inhibition of glutamate release in glutamate neurons, indicates the significance of the glutamate system in the pathogenesis of mood disorders [16].



Brain neuroplasticity and the growth, differentiation, and endurance of neurons constitute the primary functions attributed to BDNF. The influence of this neurotrophin on mood disorders has been investigated by numerous scientists. MDD and BD patients were observed to have decreased levels of BDNF [21], and certain medications have demonstrated potential efficacy by enhancing the improvement of BDNF functionality [22]. There is an association between serotonin and BDNF; the neurotransmitter is capable of stimulating the BDNF production, while the neurotrophin, in turn, augments serotonergic signaling [22]. The serotonin also participates in sleep–wake circadian cycle modulation. Simultaneously, BDNF’s involvement in insomnia and sleep deprivation has been indicated. Notably, in patients experiencing acute mood episodes of MDD and BD, BDNF levels are diminished, unlike in euthymic states. BDNF could potentially serve as a valuable biomarker for treatment, particularly in cases of MDD, as elevated levels are observed in individuals responding positively to therapeutic interventions, while non-responders exhibit no such alteration [23].



The growing body of evidence underscores the role of the immune system’s response in the underlying mechanisms of affective disorders. They exhibit a connection with chronic low-grade inflammation, characterized by elevated levels of pro-inflammatory biomarkers throughout their course [24]. An increase in the inflammatory immune response is associated with a state of neuronal impairment. Inflammatory stimulation leads to quantitative, functional, and morphological alterations in microglia. This gives rise to a reduction in the density of neurotransmitter, neurogenesis, and the quantity and dimensions of glial cells across diverse brain regions, such as the hippocampus, prefrontal cortex, amygdala, basal ganglia, and anterior cingulate [25]. Notably, SSRIs and SNRIs have demonstrated potential anti-inflammatory effects. Simultaneously, the current inflammatory state does not appear to interfere with their metabolism [26]. Osimo et al. [27] found that about 25% of patients with depression have CRP levels above 3 mg/L, which is considered a marker for low-grade inflammation; moreover, around 60% of patients have slightly elevated CRP levels (>1 mg/L). Psychological stress accompanying depression activates pro-inflammatory cytokines’ production. Among these cytokines, interleukin-6 (IL-6), tumor necrosis factor-alpha (TNF-alfa), and interleukin-1 (IL-1) hold particular significance in terms of their impact on brain function. Data suggest that IL-6, in particular, plays a pivotal role not only in pathogenesis of the disorder but also in its somatic manifestations and the response to antidepressant treatment. In addition, elevated levels of IL-6 contribute to the dysfunction in the hypothalamic–pituitary–adrenal (HPA) axis, synaptic neurotransmission alterations, and a reduction in neurotrophic factors [28]. It has been noted that, following the remission of symptoms associated with mood episodes, certain elevated pro-inflammatory cytokines can be restored [24]. In acute BD episodes, encompassing both manic and depressive phases, immune system gives rise to a pro-inflammatory response, inducing a concurrent reduction in BDNF [29]. While depressed patients with inflammatory disorders have demonstrated reduced tryptophan concentrations, a precursor for serotonin, it has been proposed that the immune system’s involvement in depression may occur through the kynurenine pathway of tryptophan. In the presence of inflammatory conditions, pro-inflammatory cytokines are produced, which induce tryptophan depletion by activating indoleamine 2,3-dioxygenase, converting tryptophan to kynurenine. Imbalances in the metabolites along the kynurenine pathway can potentially lead to neurotoxic alterations [30,31,32]. Patients with depression who also exhibit inflammation face a higher risk of developing physical health issues, particularly cardiovascular disease, and show reduced responsiveness to psychiatric interventions. Regular screening for inflammation, along with the identification and management of the underlying causes, has the potential to enhance overall health outcomes [27].



Oxidative stress is defined as a lack of balance between the generation of free radicals and the presence of endogenous antioxidants. In comparison to a healthy population, among individuals with MDD and BD, increased levels of oxidative stress were observed. This observation implies that oxidative processes, which can lead to cellular damage, might significantly influence the development and progression of mood disorders [33]. Oxidative stress increases the peroxidation of membrane lipids, proteins, and DNA, exerting a partial influence on neuroplasticity, uptake of neurotransmitters, and alterations in signaling pathways [34]. Moreover, scientific evidence indicates that disrupted mitochondrial homeostasis is a far-reaching feature in mood disorders, with both BD and MDD often being co-diagnosed with mitochondrial dysfunction. In the brain, mitochondria as energy generators are remarkably active. As very important organelles, they are also highly prone to damage caused by oxidative stress. In addition, the more serious mitochondrial dysfunction, the greater the oxidative stress causing neuronal damage [16]. Some medications used in mood disorder treatment, such as escitalopram, olanzapine, clozapine, lithium, and valproate, were identified to provide antioxidant activity, whereas antioxidant agents exhibited potentially positive effects in the realm of mood disorder treatment [35]. By modulating mitochondrial function, some accessible dietary supplements were evaluated as a potentially beneficial treatment, especially for BD [36].



The stress response is primarily regulated by the HPA axis, a key biological system. Cortisol, the principal outcome of this system, has a significant impact on cognitive and emotional processes in response to external stimuli. Moreover, it plays a role in shaping the development of the central nervous system (CNS) across an individual’s life. In individuals with Cushing’s disease, characterized by excessive cortisol production, symptoms encompassing depression, mania, and cognitive impairments are frequently observed. These symptoms can directly impact the function and structure of diverse regions within the CNS [37].



The dysregulated activity of the HPA axis has been linked to the pathogenesis of depression due to disruptions in the negative feedback mechanism, increased cortisol secretion, and inflammatory biomarkers. According to meta-analyses, morning cortisol rise precedes the later onset of MDD during adolescence. This observation implies that elevated cortisol may be a predictor rather than a consequence of depression [38]. Among patients with MDD, hypercortisolemia and inflammation have often been observed. These individuals are also more likely to develop glucocorticoid resistance [39]. In BD, HPA axis hyperactivity was noticed particularly in manic episodes [20]. Research in the neurobiology of depression has substantiated the crucial role played by the hippocampus as a structure proximal to hypothalamus within the HPA axis and possessing numerous corticosteroid receptors. The neurogenesis process, learning, and memory are the functions of the hippocampus which may be affected by stress in several ways. Diminished neuronal plasticity leads to HPA axis activation and elevation of corticosteroid levels [40].



Prolonged exposure to intense and enduring stress may be a cause of persistent physiological and psychological alterations throughout human development [41]. Early life stress (ELS) encompasses instances of physical, mental, and sexual abuse, including physical and emotional neglect during childhood. Other traumatic incidents, such as the loss of a primary caregiver, severe illness or injury, or natural disasters, also fall under the purview of ELS. Prolonged stress causes alterations in the noradrenergic system, which is interconnected with the neuroendocrine and immune systems [16]. ELS has been associated with various physical and mental disorders, including MDD. Interestingly, individuals who have experienced ELS have been found to exhibit elevated cortisol secretion levels, regardless of whether they have MDD or not. The HPA dysfunction that is observed in individuals with MDD appears to be more closely linked to the occurrence of ELS rather than solely the presence of MDD [42]. Psychosocial stress may affect blood pressure contributing to hypertension development—a primary driver of early cardiovascular and neurovascular disorders. Furthermore, individuals with anxiety and depression face a higher risk of hypertension [43].



Individual behavior may play a key role in mood disorder development. Cai et al. [44] identified sleep patterns such as insomnia and short sleep duration to be risk factors for BD. A meta-analysis focusing on sleep disturbances has revealed that the most substantial deviations in sleep continuity, REM sleep pressure, and sleep depth were linked to MDD [45]. Sleep disturbances may indicate the onset of mental disorders. A bidirectional relation exists between depression and sleep disturbances; depression can lead to insomnia, while insomnia can also precipitate the onset of depression [46,47].



While a positive correlation linking depression and conditions such as irritable bowel syndrome (IBS) has been established, the interconnections between the gut and the brain have garnered notable attention from the research community. The gut microbiota is defined as a complex collection of viruses, bacteria, archaea, protozoa, and fungi inhabiting the gastrointestinal tract in humans. The term microbiota–gut–brain axis describes the communication pathways between microbiota, the digestive tract, and the nervous system. Their channels of communication occur through neural, endocrine, and immune pathways [40]. Gut microbiota composition might be perturbed due to hyperactivation of the HPA axis [48]. These imbalances have been implicated in various mental diseases, exerting an impact on cognitive function, mood and emotion regulation, and interpersonal communication, potentially by intermediation via neuro-immune integration. Deterioration in both the richness and diversity of the gut microbiota has been observed among individuals with depression, attributed to elevated inflammation and cortisol levels [49].



The gut microbiota contributes to the production of neurotransmitters implicated in mental disorders. Lactobacillus and Bifidobacterium strains produce GABA, with Lactobacillus also being a source of acetylcholine. Escherichia, Saccharomyces, and Bacillus produce norepinephrine. Serotonin is produced by Streptococcus, Candida, Escherichia, and Enterococcus, while dopamine is attributed to Bacillus and Serratia [50]. In addition to their direct impact on neurotransmitters, microbiota also generate their precursors (e.g., tryptophan, tyrosine), suggesting an indirect influence on brain function [51]. Studies have demonstrated that probiotics, described as live microorganism beneficial for human health, when dosed in appropriate amounts possess the capacity to alleviate symptoms associated with depressive disorders, normalize the levels of corticosterone, noradrenaline, and BDNF, and improve immune functions as well [52]. In addition, the final products of microbiota metabolism—short-chain fatty acids (SCFAs)—have been observed to make an impact on the central nervous system. These effects encompass alterations in neurotransmitter production, modulation of lipid metabolism, influence on mitochondrial and immune functions, and modifications in DNA expression [53].
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Figure 1. The factors influencing the pathogenesis of mood disorders [14,16,20,21,24,27,28,29,30,33,34,37,39,41,44,48,51,52,53]. 
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Insufficient data exist to elucidate the distinctions in gut microbiota between BD and other psychiatric conditions, as well as across various phases of BD [54]. Upon evaluating the composition of the intestinal microbiota, the following conclusions may be drawn: an abundance of some bacterial genera is similar between mental disorders—in particular, MDD and BD—as the same category can share more commonalities, but, at the same time, the composition can differ, especially compared to healthy controls. Enterococcus and Streptococcus, bacteria producing lactic acid, were found to be higher in both MDD and BD, while Escherichia/Shigella were higher in MDD and Bifidobacterium in BD. Given the observation of heightened acidity in the brains of patients with MDD and bipolar disorder BD, the potential involvement of lactate accumulation supported by lactic acid producers has been hypothesized in the context of pathophysiology [54]. A decline in the population of bacteria responsible for the production of butyrate has been noted in individuals affected by MDD, BD, and schizophrenia. This SCFA assumes a role in preserving gut homeostasis, upholding the integrity of the gut barrier, and influencing the immune system. The systemic inflammation observed in psychiatric disorders could potentially stem from diminished levels of butyrate-producing microorganisms. Moreover, certain bacteria associated with GABA metabolism were found to be heightened in cases of MDD and BD [54].




3. The Concept of Comorbidity and Its Implication for Disease Prognosis and Modifiable Factors


The connection between chronic diseases and mood disorders follows a bidirectional pattern: physical ailments are interrelated with affective disorders, and, concurrently, mood symptoms often precede chronic diseases and have the potential to worsen their prognosis [55].



In autoimmune diseases, inflammation can lead to an increased permeability of the blood–brain barrier. This heightened permeability facilitates the passage of cytokines and autoantibodies into the brain, thereby influencing the central nervous system. Consequently, this can give rise to a spectrum of psychiatric and neurological symptoms. Autoimmune conditions, for instance, thyroid diseases, rheumatoid arthritis, psoriasis, atopic dermatitis, and vitiligo, often co-occur with mood disorders, especially with BD [55,56]. The concomitance of autoimmune thyroiditis with MDD suggests that depression may be a disorder related to the immune system or may affect its functioning [57]. Interestingly, treatment-resistant depression demonstrates a greater prevalence of allergic and autoimmune diseases, alongside the presence of low-grade inflammatory biomarkers, compared to non-resistant MDD cases. Notably, chronic cardiovascular diseases are more likely to occur in individuals with low-grade inflammation [58]. Furthermore, metabolic syndrome, diabetes mellitus, and gout are health conditions associated with inflammation state [56]. Insulin resistance, neurohormonal activation, and chronic inflammation are the most significant factors in the onset, advancement, and transformation of metabolic syndrome into cardiovascular disease among all the suggested mechanisms [59].



Metabolic disorders, encompassing conditions such as obesity, hypercholesterolemia, hypertriglyceridemia, hypertension, and metabolic syndrome, demonstrate a noteworthy prevalence within the domain of affective disorders [55]. Metabolic syndrome is markedly more prevalent among individuals afflicted with mood disorders in comparison to the healthy population [60]. Obesity and mood disorders exhibit a dual relationship. Firstly, obesity is linked to a persistent, low-level inflammatory state. Secondly, individuals who are obese have a greater likelihood of experiencing mood disorders, and, conversely, those with mood disorders are at a higher risk of developing obesity-related metabolic issues like diabetes mellitus type 2. Insulin resistance plays a crucial role in the development of metabolic complications related to the obesity. It may increase the likelihood of depressive symptoms occurring and further compromise the prognosis of mood disorders. For individuals with diabetes, mood disorders may negatively impact their disease management. Hence, enhancing glucose metabolism can potentially aid in treating mood disorders [61]. Bipolar disorder due to disturbed eating behaviors, metabolic impairments, and obesity may contribute to a greater risk of cardiovascular diseases and mortality attributed to this cause. It is estimated that 6–57% individuals with cardiovascular disease experience depression. Both MDD and BD can manifest concomitantly with cardiovascular events [62,63]. In addition, higher cortisol levels observed in depressive patients can lead to carbohydrate metabolism disorders, especially insulin resistance [64]. Metabolic abnormalities occur either over the course or constitute risk factors of polycystic ovary syndrome (PCOS) development. In addition, hirsutism, excessive body weight, fertility disorders, and dermatological issues appearing in this disorder can negatively affect the mental condition of women [65].



Mood disorders are often associated with gastrointestinal ailments. These associations can manifest both as primary somatic disorders and as secondary occurrences. Examination of the incidence of depression has revealed a considerably higher probability of occurrence in individuals with coeliac disease in contrast to the control group; such conclusions were not drawn for BD [66]. Similarly, there is a greater risk of depression in individuals with inflammatory bowel disease, ulcerative colitis, and Crohn’s disease [67]. Regarding irritable bowel syndrome (IBS), the findings suggest that the presence of depressive moods doubles the susceptibility to its onset [68]. In addition, dysbiosis, which is linked to the progression of IBS, may also exert an impact on the manifestation of psychiatric disorders [69].



It should be noted that, other than somatic comorbidities, mood disorders are frequently diagnosed among patients suffering from other mental disorders, especially among individuals with eating disorders. Approximately 75% of individuals with MDD will develop another mental illness at some point in their lives [3]. Individuals grappling with eating disorders face a notably heightened risk of suicide, with a risk over five times greater than that observed in the general population. This risk is particularly elevated in those with comorbid psychiatric conditions, such as major depressive disorder and anxiety disorders. Longer duration of eating disorders’ symptoms probably leads to more severe symptoms of psychiatric comorbidities [70]. Binge-eating disorder (BED) and night-eating syndrome (NES) are linked to overweight, obesity, and medical comorbidities related to weight gain (metabolic syndrome components, diabetes) [71]. Binge eating has a deceptive effect: on the one hand, it is a stress-relieving method, but, on the other hand, it engenders mental distress. It has been estimated that 80% of BED individuals have experienced another mental disorder, particularly mood disorders.




4. Body Weight and Compliance with Medication


According to Semahegn et al. [72], a substantial proportion of patients grappling with MDD and BD demonstrated non-adherence to their prescribed medication regimen, with rates of 50% and 44%, respectively. Individuals’ behaviors—for instance, substance abuse, attitude towards medication, and social stigma—and clinical factors, such as medication side-effect and efficacy, comorbidity, and treatment duration, were emphasized by the authors. Weight gain was indicated as an adverse effect associated with non-adherence. Numerous antidepressants used as a first-line treatment contribute to weight alterations, whereas, in populations afflicted by psychiatric disorders, a higher prevalence of obesity has been observed. This condition is also linked with additional metabolic complexities, including diabetes mellitus and cardiovascular pathologies. Treatment duration plays a role as well; initial weight loss caused by SSRIs after the prolonged exhibition may be replaced by weight gain due to carbohydrate cravings [73]. In the event of a body weight change of ≥1.5 kg during the treatment, the medication is categorized as having a high risk of causing weight gain. The following medications fall under this category: citalopram, paroxetine, mirtazapine, amitriptyline (notriptyline), and phenelzine [73]. It remains challenging to balance the benefits of antidepressant treatment with adverse effects. Factors affecting patients’ non-compliance should be considered as necessary during the process of intervention design. This approach ensures that both patients and healthcare professionals can effectively attain the intended therapeutic objectives [72].




5. Nutraceuticals and Their Impact on Mood Disorders


The term “nutraceuticals” was first presented by Stephen L. Defelice in 1989 to describe food, or its components, providing benefits for human health, including disease prevention and treatment [74]. Providing a singular, specific definition for nutraceuticals continues to pose a challenge. This term, as a combination of words “nutrition” and “pharmaceuticals”, covers natural bioactive substances from edible sources, dietary supplements, probiotics and prebiotics, functional food, herbals, etc. [75]. Evidence suggests that nutraceuticals are emerging as promising adjunctive therapy for several chronic diseases. Due to neurobiological effects, neuroprotection and enhancing re-uptake of inhibited monoamines, it has been emphasized that they strengthen the effectiveness of medical therapy and alleviate side effects in managing mood disorders [11]. In accordance with the guidelines, omega-3 fatty acids, vitamin D, probiotics, N-acetyl cysteine, S-adenosyl-methionine, folate-based compounds, zinc, magnesium, vitamin C, tryptophan, creatine, and inositol deserve attention in the adjunctive treatment of mood disorders [13] (Table 1).



Numerous properties are attributed to omega-3 fatty acids, not only in psychiatric, but also across various somatic disorders. They modulate neurotransmission and neuronal function; they also manifest anti-inflammatory, anti-arteriosclerotic, and antithrombotic properties [76]. In addition, their administration could offer enhanced advantages in individuals with heightened inflammation, dietary insufficiency, or obesity [13]. Vitamin D exerts an influence on the synthesis of key neurotransmitters and neurons, while also possessing anti-inflammatory properties, potentially conferring supplementary advantages, particularly during the winter months [13,29,77,78]. Probiotics play a role in the creation and control of neurotransmitters and BDNF, influence the immune system and HPA axis, and enhance cognitive functions [79,80]. Zinc modulates synaptic plasticity and affects memory, emotional, and psychomotor functions [81]; it participates in neurotransmitter regulation and additionally exhibits antioxidant properties, which appear to hold significance and explains the effectiveness, especially in cases of compromised immunity and systemic inflammation [13,82]. Folates assume a pivotal role in the regulation of homocysteine levels, concurrently participating in transmethylation processes within the central nervous system and contributing to the metabolism of monoamine neurotransmitters [83]. In situations where conditions such as obesity, pregnancy, and inflammation coexist, the utilization of folates can offer supplementary advantages [13]. S-adenosyl-methionine is involved in neurotransmitter metabolism and methylation processes, which affect the fluidity and functioning of the neuronal membrane [83]. Vitamin C influences neurotransmitter concentration. It exhibits antioxidant, neurotrophic, and neuromodulator properties [84]. It can be particularly beneficial in conditions of oxidative stress and compromised immunity [13]. The most emphasized role of tryptophan is being a precursor for serotonin; it improves cognitive function and sleep quality [85]. Research has demonstrated that supplementing with creatine can enhance mitochondrial function and decrease susceptibility to apoptosis; its inadequate levels in the brain have been associated with neuronal dysfunction, mental retardation, brain atrophy, and depression [86,87]. Inositol has been shown to have a positive role on neurological and metabolic disease treatment; it is known as an effective insulin-sensitizer, and glial cell marker. In addition, it affects sleep quality [88]. Magnesium participates in glutamatergic transmission; it modulates neurotransmitters, BDNF levels, HPA axis, immune function, and sleep–wake cycle [89]. N-acetylcysteine, whose action can yield effects, especially during oxidative stress, provides cysteine for glutathione production, exhibits anti-inflammatory properties, and modulates neurotransmission [13,83].





 





Table 1. Analysis and summary of the effects of nutraceuticals utilized in mood disorders.
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Major Depressive Disorder

	
Bipolar Disorder




	
Vitamin D

A sterol-derived nutritional compound, comprising a spectrum of 50 metabolites. Vitamin D is essential for calcium absorption in the gut and maintaining adequate calcium and phosphate concentrations in the blood.

	○

	
The raw value indicates the level of vitamin D in the body, which can help determine bone health, immune system function, and overall vitamin D status [90].







	
Participating in the neurotransmitters synthesis

Enhancing the immune system

Enhancing neurogenesis




	
1500–4000 IU daily 4

	
Lack of data




	
Expected to offer heightened benefits during the winter season [13].




	
Omega-3 fatty acids

Polyunsaturated fatty acids, including eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA), are indispensable nutritional compounds that have numerous health benefits, including reducing inflammation and supporting brain health. They are mainly acquired through dietary intake.

	○

	
The raw value indicates the level of omega-3s in the body, which can provide insights into cardiovascular health and cognitive function [91].







	
Neurotransmission modulation

Enhancing neurogenesis

Enhancing immune system

Preserving the integrity of the neuronal cell membrane




	
1–2 g of eicosapentaenoic acid 1,8

	
1–2 g of eicosapentaenoic acid 3




	
There is a lack of evidence supporting a reduction in mania or hypomania; however, it may be still efficacious for individuals with elevated inflammation and/or obesity [13].




	
Probiotics

Live microorganisms which, while being administered in optimal doses, bestow a health benefit upon the host organism.

	○

	
The raw value indicates the concentration and diversity of these bacteria, which can impact digestive health and immune function [52].







	
The production and control of neurotransmitters

Enhancing cognitive functions

Enhancing immune system

Improving BDNF levels

HPA axis modulation

Reduction of pro-inflammatory bacteria

Mitigating the adverse effect of antibiotic administration




	
1–10 billion units daily 2,5

	
Lack of data




	
The optimal probiotic strains for treating depression have not been established [13].




	
Zinc

A trace mineral essential playing a pivotal role in numerous fundamental physiological functions; it is known as a cofactor in ≥300 enzymes.

	○

	
Its raw value can provide insights into immune health, wound healing, and overall mineral status [81].







	
Neuroplasticity modulation

Preserving the integrity of the neuronal cell membrane

Enhancing memory and learning mechanisms

Enhancing cognitive functions

Increasing BDNF levels

Participating in glutamatergic transmission

Pro-inflammatory cytokine reduction




	
~25 mg hydroaspartate or sulphate 2

	
Lack of data




	
May be beneficial for comorbid conditions involving weakened immunity, increased inflammation, or elevated oxidative stress, particularly in cases of dietary deficiency. Proven to be safe, but potential for causing nausea when taken on an empty stomach [13].




	
Magnesium

An indispensable mineral known as a cofactor in over 600 enzymes, it is engaged in CNS proper functioning and DNA reactions [83].

	○

	
Its raw value can indicate potential deficiencies that are relevant for nerve impulse transmission and muscle contraction, cardiovascular health, and overall neurological function [89].







	
Reducing neuronal hyperexcitability

Increasing the availability of GABA

Counteracting the inflammation

Anxiety modulation

Microbiota–gut–brain axis modulation




	
100–400 mg daily 7

	
Lack of data




	
At elevated dosages, there exists a potential for interference with mineral absorption and their subsequent reduction; furthermore, such doses can also precipitate gastrointestinal disturbances [13].




	
Vitamin C

Vitamin C, also known as ascorbic acid, is an essential water-soluble micronutrient involved in tissue repair and the enzymatic production of certain neurotransmitters.

	○

	
Its raw value reflects the body’s antioxidant levels and its ability to combat oxidative stress [92].







	
Participating in neuromodulation

Participating in neurotransmitters transformation

Counteracting the inflammation




	
~1 g/day 7

	
Lack of data




	
May be beneficial for comorbid conditions involving weakened immunity or elevated oxidative stress. Proven to be safe, but potential for causing gastrointestinal upset [13].




	
Folate-based compounds

A vital compound important to the synthesis of methionine by conveying single-carbon units [lam]. It leads to a reduction in homocysteine levels and contributes to the production of monoamines [83].

	○

	
Its raw value can indicate potential deficiencies, which are especially significant during pregnancy due to its role in preventing neural tube defects [12].







	
Participating in neurotransmitters metabolism

Engaging in the development of the nervous system

Protection against neurotoxicity




	
15 mg of methylfolate 2

	
Lack of data




	
Additional benefits can be obtained by addressing factors such as obesity, preconception care, pregnancy, and inflammation [13].




	
S-Adenosyl Methionine

It is a crucial compound for metabolic pathways, as it provides a methyl group that impacts gene expression regulation. When this regulation occurs improperly, it can lead to disturbances in the function of the nervous system.

	○

	
Its raw value can provide insights into mental health and the body’s methylation processes [83].







	
Participating in the neurotransmitters synthesis

Participating in maintaining membrane fluidity

Neuroprotective properties

Counteracting the inflammation




	
800 mg daily 8

1600–3200 mg 3

	
There is a risk of triggering manic episodes.




	
N-Acetyl Cysteine

A compound arises from L-cysteine subjected to acetylation, recognized for its role as a precursor to glutathione regarded as antioxidant. It is often used as a medication to treat acetaminophen overdose.

	○

	
Its raw value can indicate antioxidant capacity and liver health [93].







	
Shielding against oxidative stress damage

Pro-inflammatory cytokines reduction

Neuroprotection

Neurotransmitter modulation




	
Lack of data

	
1–3 g daily 6




	
Additional benefits can be attained under conditions of increased oxidative stress [13].




	
Tryptophan

An indispensable amino acid known as a serotonin precursor, which can be delivered from protein-rich food sources.

	○

	
The raw value can indicate the body’s ability to produce serotonin and can be linked to mood disorders if levels are imbalanced [85].







	
Participating in serotonin synthesis

Sleep rhythm regulation

Enhancing cognitive functions

Enhancing the immune system




	
50–200 mg of 5-HTP/1 g of tryptophan 7

	
Lack of data




	
A possibility of uncommon risk of serotonin syndrome [13].




	
Creatine

It is a guanidine compound synthesized by certain bodily organs involving the amino acids arginine and glycine in its production, and additionally requiring methionine as a donor of a methyl group.

	○

	
Creatine is widely recognized for its significance in enhancing physical performance, muscle growth, and certain neurological functions [87].







	
Enhancing nervous system operation

Protection against brain atrophy




	
5 g daily 7

	
Lack of data




	
Renal disturbances should be carefully considered when contemplating administration [13].




	
Inositol

A polyol with myo-inositol as a predominant isomer, which can be obtained both from diet, especially fresh fruits and vegetables, and through endogenous synthesis. Inositol plays a role in various cellular processes, including cell growth and insulin signal transduction.

	○

	
Its raw value can provide insights into metabolic health and cellular function [94].







	
Affecting sleep quality

Participating in neurotransmission

Marker of glial cells

Improving insulin sensitivity




	
12 g daily 7

	
Lack of data




	
Risk of occurring gastrointestinal disturbances [13].








The table presents a summary of the effects exerted by nutraceuticals on MDD and BD, considering the preparations and dosages. Information regarding the recommended use as an adjunct or monotherapy has been included [13] (1 recommended as an adjunct; 2 temporarily recommended as an adjunct; 3 mildly recommended as an adjunct; 4 mildly recommended as an adjunct or monotherapy; 5 mildly recommended as a monotherapy; 6 presently not advised as an adjunct; 7 presently not advised as an adjunct or monotherapy; 8 presently not advised as a monotherapy). [image: Brainsci 13 01262 i001]—the names of individual nutraceuticals along with supplementary information; [image: Brainsci 13 01262 i002]—potential involvement in the mood disorders mangement; [image: Brainsci 13 01262 i003]—suggested formulations and dosages; [image: Brainsci 13 01262 i004]—additional information.











Omega-3 unsaturated fatty acids are acids that are endorsed as a pertinent component of a heart-healthy diet due to their capacity to mitigate the risk of cardiovascular diseases by acting positively on inflammation, vascular and endothelial function, and the composition of atherosclerotic plaques [95]. Eicosapentaenoic acid and docosahexaenoic acid appear to confer a protective benefit in diseases associated with metabolic syndromes [59]. Inositol, due to its insulin-sensitizing effect, seems to have a positive effect on the treatment of PCOS [96]. The utilization of probiotic and symbiotic supplements is a promising approach to managing metabolic syndrome in patients with prediabetes, with potential implications for preventing diseases linked to metabolic syndrome, such as type 2 diabetes, and other chronic conditions that significantly impact public health [97]. The oral administration of magnesium supplements can help to improve the occurrence of metabolic syndrome by reducing high blood pressure, hyperglycemia, and hypertriglyceridemia. This underscores the potential utility of oral magnesium supplementation as an adjunctive treatment for these occurrences, especially in individuals with low magnesium levels [98]. Consuming probiotics has been recommended to improve general health and immune function. It is currently acknowledged that the gut microbiota in humans might contribute to the emergence of metabolic disorders such as diabetes, obesity, and intestinal disorders including irritable bowel syndrome, inflammatory bowel disease, and coeliac disease. Significantly, research indicates that probiotic administration may enhance the treatment and perspectives for these conditions [99]. Dietary supplements appear to confer a favorable impact on enhancing sleep quality and daytime functioning [100] (Figure 2).




6. Conclusions


Research indicates a correlation between dietary exclusions and an elevated susceptibility to depressive symptoms. Notably, a higher number of exclusions correspond to an augmented risk. Furthermore, there exists a notion that the influence of depressive symptoms on dietary exclusions might not be as pronounced as the impact of exclusions on the manifestation of depressive symptoms [101]. The influence of nutrients on mood disorders underscores the interconnectedness between individuals’ mental well-being and their nutritional status, the quality of their diet, and adequate intake of essential vitamins and minerals [102].



Numerous variables influence the progression, course, and management of mood disorders. These variables encompass a diverse array of factors, and the identification of specific individual components that determine not only risk reduction for the disorder but also the efficacy of pharmacological interventions, particularly concerning long-term remission, remains intricate. To conclude, nutraceuticals exert an influence on factors that hold the potential to influence the initiation of mood disorders, encompassing concentrations of monoamines and BDNF, neuroinflammation, oxidative stress, and the quality of sleep. Furthermore, mood disorders rarely manifest in isolation. Typically, such patients concurrently experience other mental disorders or somatic comorbidities: obesity, hypertension, diabetes, PCOS, etc. It is noteworthy that the co-occurrence of immune system disorders with affective disorders is not uncommon, considering the presence of inflammatory processes and heightened indicators of such a state among individuals with MDD and BD. To optimize the therapeutic approach for individuals with mood disorders, incorporating nutritional support may not solely ameliorate symptoms stemming directly from the mental condition but also indirectly through interventions targeting comorbidities. Regarding implications for future research, it seems that real-world evidence supporting this concept would be of the interest for future studies.
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Figure 2. Summary of nutraceuticals’ impact on the mechanisms involved in the development of mood disorders. Nutraceuticals have the potential to directly target the underlying factors contributing to the onset and advancement of mood disorders, as well as indirectly through a positive effect on the somatic and autoimmune conditions frequently associated with major depressive disorder and bipolar disorder. 
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