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Circulating levels of vitamin D, vitamin B12, folate, homocysteine, and major haemato-chemical parameters in
mood-disorder patients: a comparative cross-sectional study

Abstract

The potential involvement of the immune and inflammatory systems, together
alterations of their biochemical markers, has been extensively studied in mood
disorders such as major depression and bipolar disorders. This topic in clinical
research is currently providing important results. Indeed, an ever-growing body
of evidence is showing the presence, within patients, of activated inflammatory
patterns resulting from altered neurotransmission and abnormally regulated
neuroendocrine response to stress; bidirectionally, inflammatory patterns have
been found to provoke impaired neurotransmission, stress coping and metabo-
lism in mood disorders. Moreover, several clinical surveys have reported that
plasma levels of some pro-inflammatory cytokines and acute phase proteins can
vary depending on the phases of these disorders. As well, patients have been
found to display disrupted redox systems and nutritional status. Despite these
findings and despite the fact that the pathogenetic role of altered immunologic
and metabolic profiles in mood disorders is being confirmed in many current
studies, there is still a general lack of consensus about it, due to results that do
not always agree. This implies the need to extend previous investigations.

In such a context, the present study aimed to appraise peripheral metabolic pa-
rameters and plasma/serum levels of essential nutrients in a group of inpatients
affected by mood disorders for comparison with the same biological indexes
measured in a control sample. Specifically, the study compared, in these two
groups, blood glucose, lipoproteins, triglycerides, uric acid, blood urea nitrogen
(BUN), transaminases and other haemato-chemical parameters, together the
plasma/serum levels of some vitamins (vitamin D, B12, folate) and homocyste-
ine, a key substrate of methionine metabolism which is involved in crucial
pleiotropic enzyme reactions in the body. Results showed that most patients, de-
spite their heterogeneity in diagnosis and clinical presentation, were highly
defective in circulating vitamin D levels, not only in respect to control subjects
(P< .0001) but even in respect to the general population normative cut-off val-
ues. This vitamin D result was paralleled by strongly increased serum
homocysteine concentrations in patients vs. controls (P<.0001), indicating an im-
balance in their methionine metabolism, a finding suggesting the impairment at
the level of methylation patterns and redox regulatory fluxes in affected subjects.
Surprisingly, homocysteine levels were negatively correlated with vitamin D, vit-
amin B12 and folate values in control subjects but not in patients, suggesting that
changes of methionine metabolism and vitamin deficits were occurring inde-
pendently in patients. In addition, patients displayed higher blood glucose and
lower BUN than controls, indicating an impaired protein-to-carbohydrate metab-
olism and/or altered nutritional/dietary status, such as the preferential
assumption of carbohydrates rather than proteins. Briefly, we provide herein fur-
ther substantiation to the idea that mood disorder patients are a population
where vitamin deficits, dysmetabolism and/or dietary defects are very common
features. As a corollary, we want to emphasize herein that people affected by
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major depressive disorder (MDD) or bipolar disorders (BDs) are exposed to a
greater risk of a variety of somatic illnesses than the general population.

In summary, this cross-sectional investigation, albeit preliminary, contributes to
improve the characterization and the monitoring of the clinical status of mood
disorder patients. Our results are the starting point to the identification of new
molecular targets for more tailored treatments, as well as to the implementa-
tion of more pointed health-care interventions, such as nutritional measures
and the co-administration of essential substrates with psychotropic drugs
and/or psychological therapies.
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1. Mood disorders: Introduction

Major depressive disorder (MDD) is a commonly occurring psychiatric condition
affecting approximately 220 million people worldwide. It is a highly disabling
disease and can impair almost any aspect of daily living [1]. The overall impact
of depression in the global population is now emerging as a social issue: the
World Health Organization (WHO) estimates that it will be the second most
common reason for disability in the general population, resulting in huge eco-
nomic consequences, especially impacting Western society (2, 3].

A study of the adult population by the National Institute of Mental Health
(NIMH) found that the lifetime risk of MDD varies from 5-12% for men and 10-
25% for women; the lifetime prevalence ranges from 2-3% for men and from 5-
9% for women [3, 4].

Mood disorders are currently classified in the Diagnostic and Statistical Manual
of Mental Disorders (DSM-5) as:

- Depressive disorders, which include MDD and other depressive-related disor-
ders (i.e., persistent depressive disorder (dysthymia), disruptive mood
dysregulation disorder, substance/medication-induced depressive disorder,
premenstrual dysphoric disorder, depressive disorder as a result of another
medical condition, other specified depressive disorders, and unspecified de-
pressive disorders) [5].

- Bipolar and associated disorders, including bipolar disorder (BD) of type | and
Il (BDI and BDII) and other mood-related disorders (i.e., substance/medica-
tion-induced bipolar and related disorder, cyclothymic disorder, bipolar and
related disorders stemming from another medical condition, other specified
bipolar and related disorders, and unspecified bipolar and related disorders)
[5].

A detailed and in-depth discussion of the various depressive-related disorders
and mood-related disorders subtypes is not within the scope of this dissertation.
Thus, as MDD and of BDI and BDII are the most frequently occurring disorders
among those mentioned, the following paragraphs present a brief review of
them.

1.1 Major depressive disorder

Major depression can occur as a single episode or, more often, is recurrent in
50-85% of cases; in this case, seasonal trends are possible with recurrences in
spring or autumn. There is usually a gradual onset, and full-blown illness is usu-
ally preceded by prodromal symptoms that last for days or even weeks, such as
unstable mood, energy decline, difficulty concentrating, insomnia, lack of appe-
tite, and/or somatic complaints [5].

When there is full-blown symptomatology, the mood can be sad, depressed,
discouraged, and hopeless. There is often a lack of interest or pleasure, and in-
dividuals may report not being able to enjoy activities that they had previously
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enjoyed. Increased irritability may also be present and accompanied by getting
frustrated at seemingly trivial occurrences; there can also be a tendency to re-
spond to events in an angry manner. In terms of psychomotor functioning,
slowing, lack of energy, exhaustion, or — more rarely — agitation may be present
[1-5].

Cognitive symptoms include slower thought, blunting, and a reduced ability to
concentrate. Thinking becomes pessimistic, with a negative perspective of one-
self, of the world, and of the future; mood-congruent (guilt, worthlessness,
personal inadequacy, disease, deserved punishment, nihilism) or mood-incon-
gruent delusions (persecutory delusion, delusion of control) can also occur.
Patients can experience deep sadness, pessimism, emotional indifference, and
hopelessness, leading to depression and the consideration of death as the only
escape from suffering. 50% of patients with depression have suicide ideation
and 15% will attempt suicide [5, 6].

The risk of suicide is present continually during depressive episodes. However,
factors that have been linked with increased risk of suicide include a history of
suicide attempts, a family history of suicide, being of male sex, being single, or
living alone. Borderline personality disorder also increases the risk

Neurovegetative symptoms are also present, including insomnia (or hyper-
somnia), poor appetite (or hyperphagia), diminished libido, with symptoms
worsening during the day. The depressive symptomatology can also be associ-
ated with anxiety disorders or complicated by alcohol or substance abuse.
Comorbidity worsens the prognosis and complicates the treatment [1-6].

If left untreated, MDD will usually last 6-12 months and normal functioning re-
turns after recovery, although residual symptoms can impair social and
professional functioning. Sometimes the depressive symptoms may last for over
two years (persistent depressive disorder in DSM-5). Factors associated with
prolonged cases are comorbidities, onset at an early age, unfavourable psycho-
social conditions, poor global functioning and/or early interruption of
treatment. After two months, patients can expect very little chance of reoccur-
rence; however, the chance is greater in younger people, in those who have
already had several episodes, and in those where the preceding episode was
severe [1-6].

Treatment for MDD includes both pharmacological and non-pharmacological in-
terventions [6]. Double-blind controlled studies that compare the efficacy of
different AD classes have not found any differences between compounds. Con-
sequently, in clinical practice the selection of AD takes into account any
potential side effects and the presence of specifiers and/or comorbid disorders.
Table 1 shows a summary of the currently available compounds for treating de-
pression:

Table 1. Antidepressants commonly used for treatment of major depressive disorder.

Drug Mean dose (mg/day)

SSRI
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Citalopram, fluoxetine, paroxetine 20-60
Fluvoxamine 150-300
Sertraline 50-200
Escitalopram 10-20
TCA

Amitriptyline, Clomipramine, Imipramine 100-250
Nortriptyline 150
Trimipramine 100-300
SNRI

Duloxetine 60-120
Venlafaxine 75-300

Dopamine and norepinephrine reuptake inhibitor

Bupropion 150-300
NaRlI
Reboxetine 4-8

Serotonin modulator

Trazodone 75-300
NaSSA

Mirtazapine 30-45
MAOI

Phenelzine 15-60
Tranylcypromine 30-60

Serotonin modulator and stimulator

Vortioxetine 5-20

Standard non-pharmacological approaches to depression include psychother-
apy (cognitive-behavioural, interpersonal, or brief dynamic psychotherapy),
electroconvulsive therapy (ECT) and other somatic treatments (vagus nerve
stimulation, transcranial magnetic stimulation, chronotherapy, and deep brain
stimulation) [6].

Although there have been many advances in the psychopharmacological treat-
ment of major depression and newly introduced new-generation AD, 10%-15%
of patients still fail to respond to pharmacological therapies and a further 30-
40% only have partial remissions [6].

1.2 Bipolar disorders

BD is a disorder that has greater severity and complexities than MDD, as meas-
ured by a greater incidence of lifelong suffering and increased comorbidities
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with psychiatric disorders, and in particular disorders involving substance abuse
and anxiety [7-9]. Moreover, it also has associations with serious somatic disor-
ders including cardiovascular disease, hypertension, and diabetes [10, 11]. This
goes some way to explaining the correspondingly higher mortality rates
amongst those with bipolar disorder; however, the suicide risk is lower in type |
bipolar patients than in depression [10, 11].

The term BD(s) refers to highly debilitating, chronic disorders encompassing var-
ious conditions that affect mood, bio-rhythmicity, and psychomotricity [5, 7].
Patients usually experience the alternation of phases characterised by the ele-
vation or lowering of these symptoms [9]. Currently, the DSM-5 includes four
main clinical pictures within the BDs chapter, all characterised by unusual shifts
in mood, activity, and energy levels that may, or may not, significantly impair
daily activities. In particular, the DSM-5 recognises BD of type | (BDI), BD of type
II (BDI), the so-called cyclothymia (also called cyclothymic disorder), and “other
specified and unspecified bipolar and related disorders”, all of which involve
mood swings and variations in activity or energy levels. Essentially, BDI and BDII
can be distinguished by the presence of one or more episode(s) of mania and
hypomania, respectively [5, 9].

The definition of mania and hypomania are as a set of sighs and symptoms char-
acterised by significant elevations of mood levels, abnormally increased energy
levels, consistent feelings of happiness or irritability, an increase in impulsivity
and risky behaviours, and a lower need for sleep. They can be distinguished in
accordance with the severity of symptoms and/or psychosis being present [5, 9,
12].

Conversely, depressive periods are characterised by apathy, melancholy, and
significant reductions in activity and energy levels [5, 9, 13]. Indeed, bipolar de-
pressive episodes occur a minimum of three time as frequently and last at least
three times longer than (hypo) manic episodes [13]. Moreover, compared to
(hypo)mania, depression is linked to a higher risk of suicide and with higher dis-
ability levels in social, work, and family functioning [13]. The diagnostic criteria
and the specifiers reported in the DSM-5 are the same as those for unipolar
depression [5]. However, authors have hypothesised that bipolar and unipolar
depressions could represent distinct nosological entities, underlaid by various
biological substrates, and tried to distinguish them from a phenomenological
perspective (table 2). Research on this subject has so far been inconclusive, and
a dimensional and probabilistic approach (mood spectrum model) is the prevail-
ing viewpoint today. This approach states that potentially bipolar episodes
include all depressive episodes that, although they do not alternate with spon-
taneous manic or hypomanic phases, present with at least one of the
following characteristics:

a) early or post-partum onset;

b) atypical symptoms (hypersomnia, significant increase in weight or an
increased appetite, leaden paralysis, interpersonal rejection sensitivity)
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or mood-incongruent psychotic symptoms (persecutory delusion, delu-
sion of control);

¢) co-occurrence of sub-threshold excitatory symptoms;
d) seasonal recurrence;

e) high relapse frequency.

Table 2. Differences in symptom profiles between bipolar and unipolar depression

Symptoms more frequent in Symptoms more frequent in unipo-

bipolar than in unipolar lar than in bipolar
depression depression

e Mood lability e Somatic complaints

e Psychomotor retardation * Appetite loss

° Atypicalfeatures e [nitial insomnia

e Psychotic features * Pain sensitivity

o Irritability e Anxiety within episode
o Mixed features

e Tension / fearfulness
e Lateinsomnia

e Hypersomnia

Some authors have suggested considering potential bipolar episodes as also be-
ing unipolar depressions followed by (hypo)manic episodes induced by
antidepressants, for example treatment-resistant depressions and depressions
occurring in those who have a family history of bipolar disorder or with cyclo-
thymic or hyperthymic premorbid temperament [12, 13]. Treating bipolar
depression is complex, highly controversial and challenging. There is currently
no specific treatment that suits all patients; therefore, practice clinicians should
personalise treatment after carefully evaluating the patient’s clinical features
and specifiers of the current episode. Pharmacological options include antide-
pressants, mood stabilisers, second generation antipsychotics, and dopamine
agonists [13]. However, antidepressants (ADs) in the treatment of bipolar disor-
ders remains a controversial area in psychiatry. There is little evidence of their
efficacy and safety (risk of switch to (hypo)mania and/ or of suicidality), with
international guidelines suggesting that AD monotherapy is inappropriate for
bipolar depression, and particularly bipolar | depression. Yet, ADs are the prev-
alent short-term treatment for bipolar depression in clinical practice (see Table
1 for compounds and dosages).

Manic episodes are characterised by mood changes and alterations to cognition,
activity and vegetative functioning. This state is usually preceded by prodromal
symptoms including an unusual sensation of well-being, irritability, heightened
energy and sexual activity, and a diminished need for sleep. Onset can be sud-
den [5, 7, 12, 13].

In the presence of full-blown symptomatology, the individual is usually elated
and appears euphoric, self-confident, happy, joyful, and sometimes feels
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“beatitude” and “illumination” [5, 12, 13]. Occasionally, symptoms can also
include dysphoria with grumpiness, irritability and aggression. Continuous
mood variations with rapid shifts over short periods of time from euphoria to
dysphoria/irritability or depression (“mood lability”) is typical. Cognitive func-
tioning displays changes in both form and content. The subjective sensation of
the patient is that of heightened intellectual efficiency, although poor concen-
tration and distractibility are objectively observable. Thought is accelerated and
frequently fragmented and can even result in loss of association (“flight of
ideas”). Thoughts can tend towards grandiosity with an exaggerated sense of
one’s own physical strength, aesthetic appearance, intellectual abilities, and
economic possibilities. Delusions are present in 45-75% of patients and can per-
sist with the typical manic themes of grandiosity (“mood-congruent psychotics
features”) or not (“mood-incongruent psychotics features”). Hallucinations and
catatonic symptoms generally occur less frequently than delusions. Motor ac-
tivity is greatly increased, so individuals appear impulsive and excessively plan
and participate in multiple activities. This heightened energy means that af-
fected individuals conduct even highly difficult tasks with no sense of fatigue
and, in less severe forms, it determines an increase in goal-directed activity. As
the disorder progresses, there is a loss in the capacity to achieve intended aims.
When motor excitation is more intense, inhibition is lost, and rage bursts with
verbal and physical aggressiveness and impulsive suicide attempts are possible.
There is a reduction in the need to sleep, even complete insomnia, increased
appetite and sexual drive are usually observed. Denial and lack of insight are
typical of mania and explain, at least in part, the patient’s poor treatment’s com-
pliance [5, 7, 8, 10, 12].

The average duration of an untreated manic episode is 4-6 months, although it
can vary from several days to several years. In 5-10% of patients, mania can be-
come chronic (chronic mania) [7, 12].

Hypomanic symptoms partially overlap with those of manic episodes, but they
are less severe. Individuals in hypomania appear happy, lively, self-confident,
and assertive. As in mania, mood in hypomania may be unstable, with frequent
sadness or irritability. Individuals with hypomania have a heightened productive
capacity and a limited need for rest and sleep. The degree of activation can
sometimes be so intense and subjectively unpleasant that use of alcohol or ben-
zodiazepines for self-medication purposes is present. However, the hypomanic
experience is usually pleasant, and the patients may either be unaware or in
denial of it. Consequently, individuals in a hypomanic state do not spontane-
ously seek treatment, unless complications develop, a comorbid disorder is
present, or they are urged by family members to do so [5, 12].

Pharmacological treatment includes different classes of drugs including mood
stabilizers (lithium), anticonvulsants, first- and second-generation antipsychot-
ics, benzodiazepines and other experimental agents (Table 3).

Table 3. Drugs commonly used for treatment of manic and hypo-manic episodes.

Drug Mean dose (mg/day)
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Mood stabilizers
Lithium 900-1800 (plasma level 0.5-1.2 mEq/L)

Anticonvulsants

Valproic acid 500-1500 (plasma level 50-125 pg/mL)
Carbamazepine 400-1200 (plasma level 4-12 mg/mL)
Oxcarbazepine 600-1800

First-generation antipsychotics

Haloperidol 5-30
Chlorpromazine 25-300
Levomepromazine 25-300

Second-generation antipsychotics

Amisulpride 400-1200
Aripiprazole 10-30
Asenapine 10-20
Clozapine 25-400
Cariprazine 3-12
Lurasidone 74-148
Olanzapine 5-20
Paliperidone 6-12
Quetiapine 200-800
Risperidone 3-12
Ziprasidone 80-160

Note: Doses are usually high in mania and in mania with mixed features, low in
hypomania and depression with mixed features.

Mood disorders include other complex presentations defined as “mood disor-
ders with mixed features” (or “mixed states”) characterized by the co-
occurrence of manic and depressive and symptoms. Such clinical scenarios are
challenging for clinicians at the classification, diagnostic and therapeutic levels
[5, 14].

Mixed states, defined as the co-occurrence of depressive and manic symptoms,
are complex presentations of mood disorders that that are challenging for clini-
cians at the classification, diagnostic and therapeutic levels. In the previous
edition of the Diagnostic and Statistical Manual of Mental Disorder (DSM-IV-TR),
the diagnosis of mixed state required the full criteria for a manic and a depres-
sive episode to also be present for at least one week [14, 15]. Therefore, by
definition, this diagnosis was restricted to bipolar | disorder. These narrow cri-
teria are not very useful, as they excluded patients with “mixed depression” —
i.e., with full criteria for depression and subthreshold manic symptoms — the
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mixed states more commonly observed in clinical practice. In the DSM-5, where
the categorical diagnoses are supplemented with a dimensional approach, the
diagnosis of mixed state has been removed and the specifier with mixed fea-
tures has been provided for manic, hypomanic, and unipolar or bipolar
depressive episode with subthreshold non-overlapping symptoms of the oppo-
site polarity (see section Diagnostic criteria). So, by definition, this specifier is
applied to bipolar |, bipolar Il and major depressive disorders (table 2) [14, 15].

However, a number of clinicians experienced in mood disorders have indicated
that the DSM-5 criteria for “major depressive episode with mixed features” re-
main unsatisfactory because they fail to capture the core feature of “mixed
depression”. In fact, these criteria include, as non-overlapping manic symptoms,
euphoria and grandiosity, which are rarer among patients with mixed depres-
sion and do not include mood lability, psychomotor agitation and irritability, the
core features of mixed depression observed in clinical practice. Some authors
have therefore proposed and validated criteria for mixed depression based on
their clinical experience and broader than those of DSM-5 (table 4) [8, 14, 15].

Table 4. DSM-5 criteria of mood disorders with mixed features.

Hypo-Manic episode Depressive episode

with mixed features with mixed features

=

1. dysphoric or depressed mood elevated or expansive mood

diminished interests or pleas- 2. inflated self-esteem
ure 3. talkativeness
3. psychomotor retardation 4. flight of ideas
4. fatigue or loss of energy 5. increased energy or goal directed
5. worthlessness or inappropriate activity
guilt 6. excessive involvement in risky ac-
tivities

6. recurrent thoughts of death
7. decreased need for sleep

Note: A manic or hypomanic episode with mixed features is diagnosed if the full
criteria are met for a manic or hypomanic episode and three or more of the
symptoms listed on the left are present. A depressive episode with mixed fea-
tures is diagnosed if the criteria for a major depressive episode are met together
and at least three of the symptoms listed on the right.

Approximately 30% of mood episodes, in both major depression and in bipolar
disorders, have a mixed presentation, and occur more commonly in women
than in men [5, 14].

Table 5. Koukopoulos diagnostic criteria for mixed depression.

Full criteria for major depressive episode are met together with at least

three of the following symptoms:
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inner tension/agitation

racing or crowded thoughts

irritability or unprovoked feelings of rage

absence of signs of retardation

talkativeness

dramatic description of suffering or frequent spells of weeping
mood lability and marked emotional reactivity

early insomnia

© N Uk WN R

The clinical presentation of mixed states varies between a single opposite-state
symptom found within an otherwise “pure” manic or depressive episode (e.qg.,
depressive mood during mania or racing thoughts during depression) to more
complex mixtures of mood, thought, and behaviors. The usual clinical picture is
characterized by dysphoric mood that alternated with depressed and elevated
mood (i.e., mood lability), racing thoughts, suicidal ideation (30-50% of cases),
psychomotor agitation, severe insomnia. Up to 50% of mixed manic episodes
include psychotic symptoms such as delusions (persecutory, referential, reli-
gious, somatic), auditory hallucinations, formal thought disorder,
depersonalization/derealization [5, 14].

Some authors have hypothesized that mixed presentation of a mood episode
(any polarity) can be caused or made or worse through the use/abuse of alcohol,
substance, psychostimulants, benzodiazepine or drugs acting on central nerv-
ous system (CNS) (antidepressants [ADs], first generation antipsychotics [FGAs],
corticosteroids, antihypertensive agents), or by the presence of a neurological
disease. Mixed presentation of a mood episode may be also a family trait [14].

Compared to episodes without mixed features, episodes with mixed features
(any polarity) usually last longer and have a lower inter-episode remission rate,
a higher risk of future mixed relapses, a poorer prognosis and a poorer response
to treatments [14].

Treating mood episodes with mixed features is challenging for clinicians be-
cause: a) current international guidelines, with some exceptions, do not
recommend specific treatments for these conditions; b) data on the treatment
of mixed depression are scarce, c) data on the treatment of mixed mania were
extrapolated from trials including patients with pure mania, with the assump-
tion of a comparable response with this sub-population. Clinicians usually select
treatment in terms of the primary diagnosis (mania, hypomania or depression)
and the number and severity of the symptoms of the opposite polarity. After
treatment has begun, regular and careful evaluation of the number and severity
of manic and depressive symptoms is required to monitor the response and
modify treatment. All drug classes for manic and depressive episodes should be
used in mixed states and, as these conditions are usually resistant to monother-
apy, so that combined treatment is often required.

Finally, rapid cycling (RC) is a specific bipolar course, initially described for bipo-
lar patients with four or more distinct mood episodes over the course of the
previous year [16, 17]. Subsequently, the DSM-IV and the DSM-5 have adopted
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the “rapid cycling” denomination for those specific cases of bipolar disorder of
type | and Il, characterized by at least four mood episodes meeting the criteria
for major depression, mania, hypomania, or mixed state (in DSM-1V) over a pe-
riod twelve months [16]. The episodes of the same polarity must be separated
by a period of partial or complete remission for at least 2 months, while switch-
ing between episodes of opposite polarity can be abrupt. The DSM definition,
however, only partially covers the rapid cycling spectrum, excluding cases of ul-
trafast cycling (where the episodes last days) and ultradian cycling (oscillations
within 24 hours) [5, 16].

Scholars agree that, more often, depression may reoccur (up to 50-85% of cases)
[6, 18]. Thus, different authors and clinicians have identified MDD as a part of a
wider continuum encompassing depressive and manic symptomatology at dif-
ferent severity levels on a longitudinal course. Yet, in several patients, the onset
of depression can result in mania or, even more frequently, depressive symp-
toms appear together with manic symptoms within the same episode [18]. The
concept of a continuum between depressive and manic states has been defined
as “bipolar spectrum” and widens the number of bipolar subtypes, by up to
50% of all mood disorders [18]. Mood disorders remain challenging for clini-
cians, where there is a significantly high risk of periodic relapses (up to 80-90%
of cases) despite the efficacy of currently available treatment strategies. There-
fore, clinicians, when diagnosing bipolar disorder, should not only think about a
therapy for the acute phase, but also evaluate the opportunity of a "preventive"
treatment to reduce the risk of future relapses.

One of the main limitations slowing the progress of scientific research in the
treatment of mood disorders is the paradigm of considering such pathologies as
strictly "mental" (or at least limited to the CNS) instead of as an epiphenomenon
of systemic diseases. Gradually, evidence has begun to suggest that mood dis-
orders are multifactorial disorders as they include a combination of intertwined
genetic, epigenetic, transcriptional and/or acquired factors to define a variety
of biological endophenotypes and clinical pictures [19]. These factors involve
not only the brain, but also the whole organism. Consequently, mood disorders
should be considered as systemic diseases [19]. Moreover, changes in the mon-
oamine system, described at the dawn of biological hypotheses of mood
disorders, are now gradually being integrated with a more complex and com-
prehensive model of mood disorders, including immune/inflammatory
processes, oxidative and nitrosative stress, and changes in peripheral tissues
and organs as gut, at the level of the so-called enteric nervous system (ENS).
Proinflammatory compounds and molecular patterns can in fact impact the in-
testinal mucosa at the level of its integrity and absorption properties, as well as
at the level of the diversity of the main phyla, classes, orders, genera and species
of colonizing bacteria [20]. In turn, changes of the gut microbiota, including var-
iations of specific phyla ratios and even of single species, can relevantly alter the
host global metabolic abilities and well-being. The cross-talks between the
brain-body axis can be relevantly affected in mood disorders. Indeed, altera-
tions of these signaling networks are being increasingly revealed in different
psychopathological conditions, such as psychotic disorders, eating disorders,
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obsessive-compulsive disorder (OCD), post-traumatic stress disorder (PTSD) and
autism spectrum disorders (ASDs). The results may be able to shed light on the
neural basis of mood disorders phenotypes, within an integrative framework
between central and peripheral systems in this field. Moreover, from a clinical
perspective, the evaluation of measurable biological markers, could help to im-
prove patients’ diagnostic and follow-up procedures by identifying new health-
care approaches as well as new targets for therapeutic strategies.
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2. Biological hypotheses of mood
disorders

2.1 Mood disorders and inflammation

Although amongst psychiatric syndromes MDD is the most common cause of
disabilities worldwide [21], paradoxically, the causes of such a “quasi pandemic”
condition remain unknown. Therefore, over the decades different models have
been developed that have focused on monoaminergic systems, dysfunctions of
the hypothalamus-pituitary-adrenal (HPA) axis circadian rhythms, inflammation
and dysfunction of the immune system, structural or functional abnormalities
of emotional circuits (i.e., the so-called “limbic cortical model” and the “cortico-

striatal model” [22-29]. It is now evident that MD is a complex multifactorial
entity that perhaps involves a combination of a genetic vulnerability interacting

with different biological, psychological, genetic and social factors [26].

Understanding of the disorder’s pathophysiology is still limited. For years, after
the serendipitous discovery of the first two agents with antidepressant action,
iproniazide and imipramine, changes to monoamine neurotransmission (mono-
amine deficiency, alterations of monoamine receptors) is deemed the most
relevant pathophysiological mechanism of MDD. Thus, the enhancement of
monoamine neurotransmission, including serotonin (5-HT), norepinephrine and
dopamine, has been the only pharmacodynamic mechanism used to develop
novel antidepressants (ADs) [1, 2]. However, data supporting the postulated
MDD-related monoamine alterations are inconclusive and the monoamine hy-
potheses are insufficient for explaining the whole picture of the disorder [30,
31]. The lack in the understanding of the neurobiological mechanisms underly-
ing MDD also limits the efficacy of the treatments. In fact, although the
discovery of the selective serotonin reuptake inhibitors (SSRIs) and the dual-act-
ing serotonin/norepinephrine reuptake inhibitors (SNRIs) improved the
outcome and prognosis of MDD with specific benefits of old generation antide-
pressants, particularly in terms of side effects, the treatment of the disorder is
unsatisfactory [1, 2, 30, 31]. Consequently, there remain relevant unmet clinical
needs:

a) side effects leading to drug discontinuation, including sexual dysfunc-
tions, gastrointestinal distress and weight gain;

b) the long latency of the antidepressant action, which increases suicide
risk and due to lack of efficacy can provoke early discontinuations;

c) the response rate, as available ADs are effective in only two thirds of
MDD patients and are part of the relapse process after initial improve-
ment or even after a sustained period of remission, even if the drug is
continued.

It is generally agreed amongst researchers that impairments of cerebral sero-
tonergic activity pose an important risk for developing MDD in vulnerable
people, and/or that 5-HT system dysfunctions may underlie symptom clusters
or dimensions in MD and even in a number of other neuropsychiatric conditions
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[1, 30, 31]. One or more abnormalities in different processes of serotonergic
activities could be important to initiate or trigger depression, such as deranged
5-HT synthesis, release, reuptake, metabolism, eventually involving changes to
the activation of various pre- and post-synaptic 5-HT receptors, as shown by dif-
ferent research tools.

According to recent hypotheses, auto receptors and some postsynaptic agents
regulating neurotransmitter synthesis are involved in blocking the reuptake
mechanism that occurs immediately after antidepressant administration [32,
33]. Prolonged exposure to antidepressants triggers the activation cascade of
the modulation of several genes involved in expressing and synthesizing differ-
ent trophic factors [34].

Consequently, antidepressant drugs (and mood stabilizers) may restore neu-
ronal circuit functionality involved in regulating mood, emotions and cognitive
processes via a partial recovery of their trophism [34]. Moreover, the loss of
neuronal trophism reduces the ability to adapt to the environmental stimuli of
the brain areas that regulate emotions. Experimental studies have revealed how
the plastic properties of neurons are linked to changes in cell morphology that
can increase or decrease the formation of synapses and dendritic spines, as well
as in the extension or retraction of dendrites. [35-37] Together, these data con-
tributed to the definition of the "neurotrophic hypothesis", proposed in the late
1990s, based on the concept of trophism loss of neurons in some brain areas
after prolonged stressful periods. Experimental research carried out on rats sub-
jected to chronic stress showed that neurons of the nucleus accumbens,
hippocampus and prefrontal cortex undergo a reduction in the density of the
dendritic spines and of the arborization of the synapses, as well as of a loss in
volume, which is called "shrinking" [38, 39]. Shrinking, a phenomenon also ob-
served in depressed patients and in subjects who underwent chronic stress, is
significantly improved by antidepressants (ADs) [40]. Such compounds specifi-
cally activate different genes that may express both trophic factors and immune
system mediators that ultimately result in restoring normal neuronal trophism
[40].

The neurotrophins primarily involved in depression pathophysiology are the
Brain-Derived Neurotrophic Factor (BDNF) and, to a lesser extent, the Glial-De-
rived Neurotrophic Factor (GNDF). The recent development of molecules that
can overcome the blood brain barrier and exert a direct action on neurons, via
epigenetic mechanisms, and therefore modulate the functioning of specific
genes that can express trophic and/or molecules of the immune system appear
to represent an opportunity for the development of potential new, more effec-
tive psychotropic compounds in the near future. However, the available data
are now not encouraging, because of their severe side effects [41, 42].

It is of interest that the latest neurobiological research, such as that examining
inflammatory pathways, continues to produce and improve serotonergic hy-
pothesis of depression. However, it is generally agreed that mood disorder
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pathophysiology involves different systems and organs, so that depression
should be considered a systemic disease [30, 31, 43, 44].

Under this light, psychiatric disorders could be considered a “broad family” of
multifactorial pathologies, whereby lifestyle or environmental changes relating
to genetic and/or acquired vulnerabilities defining various biological endophe-
notypes and symptomatic clinical pictures [44-46]. For complete management
of MDD, BDs and their related resistant or chronic forms, it may be necessary to
control all neurochemical, neurobiological and metabolic factors that “shape”
their presentations [44, 45]. This new conceptualization has been consolidatory
because of the technological advances and new knowledge in neuroscience [1,
2]. Specifically, progress in this field stems from four interrelated pathways of
biological research on depression:

1. molecular and cellular factors underlying and facilitating the onset of
the depressive episode (etiological factors, molecular genetics, epige-
netics, basic research, animal models);

2. pathogenic mechanisms defining the clinical presentation of mental
disorders and its temporal evolution (central and peripheral pathogenic
molecular correlates, molecular genetics, epigenetics, brain imaging
techniques, animal models);

3. pharmacological and biological research in the therapeutic field (new
drug development, research of new therapeutic strategies, patient life-
style assessment);

4. response to antidepressant agents (central and peripheral molecular
mechanisms that underlie the pharmacological response, therapeutic
drug monitoring, pharmacogenetics).

From a neurobiological perspective, the neurotrophic theory and monoaminer-
gic hypothesis are factors in etiopathogenesis of depression alongside other
systems involved: these are mainly stress-related neuroendocrine systems [1, 2,
43-45]. HPA axis hyperactivity has long been studied in mood disorders, but only
recently has the role of this system in melancholy in psychotic characteristics,
and in the risk of suicide, been returned, in conjunction with molecular studies
that have revealed peripheral factors including genetic variants of neurotrophic
factors and pro-inflammatory cytokines [47-49]. Consequently, dysfunction of
the neuroendocrine pathways of stress is a vital molecular mechanism that in-
tegrates central and peripheral monoaminergic activity, neurotrophic function
and pro-inflammatory cellular and humoral factors as pathogenic effectors of
depression [50, 51].

In summary, 5-HT system changes that have previously been acknowledge in
depression are now being integrated with wider physiological data resulting in
a more complex and comprehensive mood disorders model, which includes ox-
idative and nitrosative stress, immune inflammatory processes and changes in
peripheral organs and tissues (i.e., the gut). These hypotheses can produce a
mood disorder model that not only includes systemic systems, but also one
which involves whole body processes.
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Inflammation is caused by internal and external stressors that may contribute
to disease onset, and represents the body’s defence response. This definition is
widely accepted for the majority of somatic diseases with and also applies to
neuropsychiatric disorders, especially in mood disorders [26, 51].

The cytokine hypothesis states that stressful stimuli contribute to mood disor-
der development by activating inflammatory pathways that then alter the
physiological functioning of 5-HT system and the HPA axis [26, 44, 51-54]. Ac-
cording to this concept, the latter are consequences rather than etiologic factors
of mood disorders [44, 55]. Over the past 20 years, increased blood and CSF
concentrations of pro-inflammatory cytokines, including interleukin-1p (IL-1B),
IL-6, interferon-y (IFNy) and TNFa, have been found in MDD and BDs [30, 31,
44]. In the Netherlands Study of Depression and Anxiety, which included a large
cohort of controls (N =494) and currently (N = 1132) or remitted (N = 789) MDD
patients, currently depressed men showed higher levels of CRP and IL-6, as com-
pared to euthymic subjects [56].

The activation of microglia and astrocytes (glial cells) with an increase in expres-
sion of pro-inflammatory mediators and neurotoxic factors, including
superoxide, nitric oxide (NO) and tumor necrosis factor a (TNFa), are responsi-
ble for CNS inflammation (Figure 1).

Neuroinflammation can be found after acute brain damage (trauma, infections)
where inflammatory pathways being activated is required for host defense.
However, neuroinflammation is also characteristic of neurodegenerative dis-
eases (i.e., Parkinson's and Alzheimer's disease) [57], where microglia over-
activation has detrimental effects and results in neurotoxicity [52, 57, 58]. What
triggers toxic neuroinflammation remains unclear. Immunological alterations
during critical periods of growth could potentially prime microglia, and subse-
quent stimuli can result in severe and prolonged neuroinflammation and
subsequently brain damage [53]. Furthermore, systemic inflammation can in-
duce neuroinflammation by activating glia [57]. In fact, cytokines can pass the
blood-brain barrier and once there they stimulate immune and endothelial cells
to produce further inflammatory mediators [26, 51] (Figure 1). This may help to
explain the high rates of comorbidity between mood disorders and inflamma-
tory diseases, for example inflammatory bowel disease, rheumatoid arthritis,
coronary heart disorder, multiple sclerosis and human immunodeficiency virus
(HIV) infection, [1, 30, 31, 44-46].

Figure 1. Molecular processes involved in neuroinflammation [30, 31].
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Inflammatory mechanisms that are activated in the brain by external and inter-
nal stressors can trigger the neurodegenerative processes observed in MDD and
BD. In fact, it is now the belief that neurodegeneration contributes to the devel-
opment of these disorders, as structural alterations in several brain areas of
depressed and bipolar patients have been found, such as prefrontal cortex, an-
terior cingulate, hippocampus, amygdala and basal ganglia [59-61].

Long-term exposure to cytokines occurs prior to onset of MDD. MDD develops
as a result of a high rate of subjects under immune-therapy with INF-a, and
these rates are even higher when subthreshold syndromes are considered [62-
65]. Furthermore, in animals, administering cytokines or cytokine inducers, in-
cluding lipopolysaccharide (LPS), induces depressive-like behaviors [66].
Specifically, LPS or IL-6 can induce a behavioral syndrome, known as “sickness
syndrome”, that resembles the clinical picture of MDD: animals develop
behavioral disturbances, decreased locomotor activity and exploration, anhe-
donia, sedation and anorexia [67]. In humans, administration to healthy
volunteers of lymphocyte activators and cytokine release promoters, such as
LPS or Salmonella typhi vaccine, can induce anxiety and depression. It has been
recently suggested that the so called “leaky-gut” condition may contribute to
the development of MDD and BD symptoms, thus shaping the patients’ clinical
presentation. It must be indeed pointed out that the enteric nervous system
(ENS) and the variability of gut microbiota can be affected in its beneficial func-
tions by an unbalanced brain-peripheral neuroendocrine axis of stress response.
Excess of glucocorticoids and cortisol release, accompanied by a glucocorticoid-
receptor downregulation and loss of negative feed-back from the periphery to
hypothalamic centers of CRH production, can concur to maintain the raise in
alarm systems generating chronic mild-inflammation states.

16



Circulating levels of vitamin D, vitamin B12, folate, homocysteine, and major haemato-chemical parameters in
mood-disorder patients: a comparative cross-sectional study

The gut can be particularly sensitive and vulnerable to such a condition since it
is richly innervated by the enteric plexus and the vagus nerve [68]. Moreover,
the gut is the main productor of 5-HT in the body [69]. The “leaky-gut” is char-
acterized by the irritation of the mucosa as well as by a modified permeability
of the intestinal wall, generating an incorrect nutrient and xenobiotic selection
[68]. This may alter microbiota composition and viability, leading, in the host,
to: a) essential compound deficits, b) release of bacterial molecules entering
into the bloodstream together other proinflammatory/adaptogen substrates, c)
the increase of cytokine release, thus affecting mood and finally promoting the
“sickness syndrome or behavior”. “Sickness behavior” in humans is a typical
condition present during infections, fever and flu, that is characterized by a
state of prostration [70-72]. Precisely, this condition is featured by the reorgan-
ization of the host priorities during infection, consisting essentially in a general
reduction of physical activities, sleepiness, and altered food or water intake.
Specifically, an increased translocation of LPS from intestinal gram-negative
bacteria may induce peripheral inflammation and results in disorder onset [70].
Thus, higher IgM and IgA serum levels against six enterobacteria have been re-
ported in MDD patients, compared to control subjects [70, 71]. The increased
blood LPS levels would induce both systemic and CNS inflammation, with the
onset of depressive symptoms and sickness behavior. An intestinal barrier dam-
age would be responsible of the translocation of LPS from the gut into the blood,
similarly to what happens during recurrent inflammatory reactions with in-
creased INF-y and IL-1 levels [70-72].

A literature analysis reveals that, in depressed patients, IL1B, IL-6, TNF and re-
active protein C (CRP) are the most reliable biological markers for inflammation.
Polymorphisms of pro-inflammatory cytokine genes, including also IL-1f3, TNF
and CRP, are also linked to depression and the responses to its treatment. Pos-
itive and negative correlations were discovered between the high sensitivity
CRP levels in the serum of women with depression, and are also associated with
a high risk of cardiovascular disease [26, 51].

Administrating pro-inflammatory cytokines, for example IFNa or their inducers
(such as endotoxins or anti-typhoid vaccination) results in depressive symptoms
in healthy individuals. Conversely, blocking TNF-type cytokines or other aspects of
inflammation (such as cyclo-oxygenase 2) results in a significant reduction in de-
pressive symptoms in patients suffering from other pathologies, for instance
psoriasis, rheumatoid arthritis, and cancer. The same results were found in pa-
tients with major depression [73]. In addition, biological markers of inflammation
appear elevated in a subset of depressed patients as well as in people with other
neuropsychiatric disorders such as obsessive-compulsive disorder, anxiety and
schizophrenia [46, 73].

Therefore, it was suggested that the impact of inflammation on specific symp-
toms should be verified by diagnoses that align with the research criteria
presented by the National Institute of Mental Health, rather than on depression
“tout-court”. These symptoms refer to anhedonia, fatigue and psychomotor
impairment, increased sensitivity to threats resulting in alarm, excitement, and
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anxiety [26, 51]. Inflammation appears to lead to a reduction in the response to
ADs, as seen in a recent study in which almost half of resistant subjects, who
failed to respond to conventional treatments, showed a CRP level > 1- 3mg/L (in-
dicative of elevated inflammatory status) [74, 75]. The percentage of patients
with high CRP levels varies according to the population being examined, and is
higher in people with history of depression and treatment resistance, or who
have suffered from child abuse or of other medical pathologies and metabolic
syndromes [74]. It has been shown that CRP activates the intracellular multipro-
tein complexes named inflammasomes, as the Nucleotide-binding domain and
Leucine-rich repeat Receptor containing a Pyrin domain 3 (NLRP3) complex [76].
Inflammasomes activates in turn the protein caspase-1 that promote the matu-
ration of pro-inflammatory cytokines [76].

The activation of inflammasomes can occur also through the release of the so-
named danger-associated molecular patterns (DAMPs) and related receptors.
DAMPs are endogenous molecules derived from self that increase after cellular
stress, tissue damage and even during the coping response to psychosocial
stress. These molecules are chemical sensors released in extracellular compart-
ments, being able to promote peculiar inflammation responses induced by the
exposition to different triggering agents/stimuli. Once released they are recog-
nized by receptors named pattern recognition receptors (PRR): the binding of
DAMP molecules with PRR leads to specific sterile inflammation states [77]. Ster-
ile inflammation, DAMPs release and PRR-DAMP binding produced by
psychological stress are capable to stimulate the NLRP3 complex. This phenom-
enon occurs under physiological responses to stress but the disruption of its fine-
tuned regulatory mechanisms has been found to underlie mood disorders and
other psychiatric conditions [78]. Research on DAMPs is currently spreading
among researchers working on adaptive response to stressors: extracellular
heat-shock protein 72 (Hsp72), uric acid, high-mobility group box 1 (HMGB1),
adenosine triphosphate (ATP) and even reactive oxygen species (ROS) have been
found to act as DAMPS.

In terms of the role of the immune system on depressive syndrome, research
has shown how T-cells protect laboratory animals from depression and stress
[54]. In fact, an antidepressant phenotype was obtained by transferring T-cells
to chronically stressed animals. This data was related to pro-inflammatory cyto-
kine activity in the serum, moving towards a neuroprotective M2 phenotype in
microglia and an increase in hippocampal neurogenesis [54]. Similar results
were found in mice which were subjected to acute stress where T cell migration
into the choroid plexus (located in the brain ventricles) resulted in an induction
of glucocorticoids to the expression of adhesion molecular pattern membrane
proteins, as the ICAM1 molecule, reducing anxiety [54]. The immunization of
animals prone to anxiety with a specific antigen linked to T cell activity in the
brain, was able to reverse anxious behaviour provoking the increase of neuro-
genesis and blocking the development of stress-related depression. The
mechanism by which T-cells influence resilience is related to their IL-4 produc-
tion in the meningeal space which stimulates astrocytes to produce BDNF and
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promotes the conversion of meningeal monocytes and macrophages from a
pro-inflammatory M1 phenotype to a less inflammatory M2 phenotype [54].

The movement of T cells in the brain, including the meningeal space, is now of
interest in describing the previously unknown brain lymphatic system. T-Reg
cells can play a part in reducing inflammation and supporting neuronal integrity
during stress [27, 54].

2.2 Effects of inflammation on 5-HT system

The monoamine hypothesis of MDD states that if the amount of monoamine
neurotransmitter activity is reduced, depleted or dysfunctional, as with de-
creased plasma concentrations of the 5-HT precursor L-TRP, the disorder will

occur.

Figure 2. Monoamine metabolism (modified from [26]).
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Low TRP plasma levels have been observed in MDD and are related to the pres-
ence of an increased production of IL-1B3, TNF-a and INFy (Figure 2) [30, 31, 44].
In fact, pro-inflammatory cytokines stimulate inflammatory signalling pathways,
including the nuclear factor (NF) kB, p38 mitogen-activated protein kinase
(MAPK), signal transducer and activator of transcription (STAT) 1a, that in turn
activate the enzyme indoleamine 2,3-dioxygenase (IDO). The latter cleaves TRP
into TRP catabolites along the IDO pathway (TRYCATSs), including kynurenine
(KYN) [1, 30, 31, 44]. In fact, in patients with hepatitis C treated with IFN-a who
develop depressive symptoms, decreased TRP and increased KYN blood concen-
trations have been observed [1, 44]. The importance of activating IDO in the
pathophysiology of depression and mood disorders is therefore supported by
animal models [30, 44]. The activation of the molecular signaling inflammatory
pathways by pro-inflammatory cytokines, with IDO activation and decreased
TRP plasma levels, might also explain the decreased concentrations of 5-HT ob-
served in some MDD patients. Thus, the 5-HT hypothesis of MDD can be altered
from the classic concept of TRP and 5-HT depletion to that of inflammation-
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induced TRP degradation and TRYCATSs production [1, 31]. In fact, after activat-
ing IDO more TRP is converted into TRYCATSs, with a decrease in both 5-HT and
TRP. TRYCATSs cause depressive and anxious behaviors in mice [1, 30] In addition,
TRYCATs have neurotoxic effects: KYN can be converted into quinolinic acid
(QA), a potent N-methyl-D-aspartate (NMDA) agonist which stimulates gluta-
mate release while resulting in lipid peroxidation [1, 30, 31, 44]. In addition to
the low-serotonin concept in MDDs, an imbalance in the serotonergic/glutama-
tergic system has been also proposed in these disorders, involving the
sensitization status of 5-HT/glutamate receptors, the composition and status of
membrane-bound G proteins, and impaired intra- and extracellular signaling
mechanisms, a condition that is supposed to be concomitant, at least in sub-
groups of patients, to peculiar activated inflammatory patterns [44].

2.3 Stress-induced activation of the inflam-
matory response

What are the triggering factors for neuroinflammation that contribute to the
onset of mood dysregulation [26, 44]? In the depressive states that occur in the
context of somatic illnesses (autoimmune/inflammatory diseases, tissue dam-
age, infectious), the factors that form the basis of primary illness are the same
that subtend the neuroinflammation development. Conversely, in the forms of
depression that occur in subjects without somatic diseases, the triggering fac-
tors of neuroinflammation are less clear. In this case, stressful life events appear
to have an important role in the onset of mood disorders: indeed, epidemiolog-
ical studies found in clinical and community samples show a significant and
strong association between the occurrence of early and recent stressful events
and the presence of MDD and BDs (Figure 3)[12-14, 26, 44].

Psychosocial stressors are shown to be robust activators of central and periph-
eral inflammation [26, 44, 51]. Indeed, increased concentrations of IL-1 and IL-
6 have been found in the blood and brain of rats under stressful conditions [30,
31].

Figure 3. Bidirectional interactions amongst mood disorders, immune/inflammatory dys-
functions and acute/chronic stress.
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It was Maes et al. who first discovered that inflammatory pathways can be ac-
tivated by psychological stressors; indeed, they described stress as coming from
increased production of IFNy and TNFa in stressful conditions [52-54]. Signifi-
cant increases of NFkB DNA binding were found in peripheral blood
mononuclear cells of healthy volunteers who had been exposed to stressors
such as public speaking and mental arithmetic [53]. Chronic stress, including fa-
miliar conflicts and perceived stress, are related to increased levels of CRP and
IL-6 [30, 31, 51-54]. Increased CRP levels have also been found in subjects ex-
posed to severe early life events, such as childhood abuse [12-14, 30, 31, 26,
44]. Furthermore, increased IL-6 and NF-kB response to antigenic challenge and
psychosocial stressors were detected in MDD patients [12-14, 30, 31, 26, 44].
The hypothalamus is the area that appears to have the most involvement in the
genesis of the inflammatory response as a result of psychosocial stress [44]. Spe-
cifically, psychosocial stressors, including events of loss, work adversities,
interpersonal conflicts, and social isolation can lead to the hypothalamic release
of catecholamines and cortisol-release hormone (CRH). Within the immune sys-
tem catecholamines interact with a and B adreno-receptors which increases
NFkB DNA binding with the consequent release of inflammatory mediators [26,
44]. Cytokines enter the brain and, at the level of microglia, activate inflamma-
tory signalling pathways and cause neuroinflammation [44, 51]. Conversely, the
cytokine-induced activation of CRH and, then, of HPA axis, that usually inhibits
inflammatory signalling pathways in pathological conditions, as in the case of
MDD or chronic stress, loses its inhibitory action. Glucocorticoids lose their abil-
ity to inhibit the inflammatory pathways activation and to limit cortisol release.
This condition, called glucocorticoid resistance appears related to the effects of
cytokines on glucocorticoid receptors, resulting in neuroinflammation and hy-
peractivation of the HPA axis [44]. These phenomena appear to disrupt the
brain structures and may underlie the brain damage which underlie or at least
accompany, the presence of MDD and BDs: in fact, they cause excitotoxicity,
decrease neurotrophic supports and alter monoamines metabolism [1, 26, 44].
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Different researchers have found increased levels of cortisol in the urine, plasma
and saliva of depressed patients, which results in an increased volume of pitui-
tary and adrenal glands [79]. The alterations of the HPA axis, the presence of
hypercortisolaemia and the induction of inflammatory patterns, the stimulation
of specific leukocyte populations and the alteration of factors related to cardio-
vascular risk (such as CRP) and platelet reactivity, could be part of the same
pathogenetic mechanism in depression. Mineralocorticoid receptors (MRs)
could also have a role in the HPA axis dysfunction at multiple levels in depression
(i.e., desensitisation and loss of inhibition in HPA feed-back) [80].

The significance of this imbalance and resistance to glucocorticoids adds to the
continual secretion of pro-inflammatory cytokines. These cytokines the activate
specific metabolic pathways, such as the shunt of tryptophan (also known as
“kynurenine pathway”), resulting in the formation of quinolinic acid in the NAD*
pathway and that ultimately results in a stimulation of the glutamatergic sys-
tem, with a dramatic lowering of 5-HT production [74], and, consequently, of 5-
HT-deriving methoxy-indole compounds, as the circadian molecules N-acethyl-
5-HT (NAS) and melatonin [81].

Before concluding this paragraph, a disregarded aspect linked to the role of neu-
roendocrine response to stress and inflammation in mood disorders should be
instead also mentioned: this concerns the influence of the functioning of the
brain-body adaptive axis on feeding behavior, by means of the change of indi-
vidual tastes and their choice of nutrients [82]. These variations have indeed a
profound physiological relevance, namely, that to fully prepare the subject to
cope with new dangerous or potentially dangerous stimuli and events: thus,
that enabling to adopt the “fight-or-flight” behavior rather than the “rest-and-
digest” one [83]. This implies that alterations of the physiology of the neuroen-
docrine stress axis, as occur in mood disorders, can lead to significant individual
variations of taste, feeding and nutritional conditions.

2.4 Mood disorders and oxidative stress

Despite the numerous studies in this field, the exact processes that underlie the
altered redox responses within the different depression types are still partially
unknown.

Figure 4. The oxidative stress state induces neuroinflammation and neurodegeneration
(modified from [76]).
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It has been hypothesized that the failure of the HPA axis, of the monoaminergic
and of the neurotrophic systems may affect the metabolic and redox status of
the patients. Other mechanisms have been found to have relevance in redox
system impairments of mood disorder patients, all linked to the presence of al-
tered feeding behaviors and inadequate lifestyle. As afore mentioned, it is
worth noting that chronic stress or a maladaptive coping of stressors can even
alter taste and nutritional choices, as shown in animal models [84]. Taste per-
ception is determined by genetic, hormonal, metabolic parameters, and even
by the individual psychological state. Some studies have shown that the time of
perception of bitter, sour and sweet tastes is shortened during acute stress in
healthy volunteers; as well, the total amounts of these different tastes was
found significantly decreased after psychological stress [82]. On the other side,
healthy subjects exposed to stress have shown increased sensitivity to the bitter
taste of saccharin [85]. Moreover, mood distress and anxiety have been also
found to impinge taste [83, 86]. Besides, mood disorder patients commonly dis-
play altered feeding and psychomotor behaviors [87]. Essentially, dysfunctional
responses to stressors may have relevant links to dietary habits in addition to a
modified physical activity, to smoking habit or alcohol abuse, with conse-
quences for the anti-oxidant response and on depressed patients’ nutritional
and metabolic conditions of the subjects [88, 89].

Oxidative stress (reactive oxygen species, or ROS, and nitrosative, reactive ni-
trogen species or RNS, Figure 4), alongside an immune-inflammatory response,
could play an important part in the pathogenesis of several psychiatric disor-
ders, including bipolar disorder and depression. Indeed, oxygen and nitrogen
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could change some vital brain functions by modulating neurotransmitters (glu-
tamate-type) involved in the neurobiology of depression [88, 78].

The antioxidant system is divided into two main components: non-enzymatic
antioxidants and enzymatic antioxidants [88, 89]. Non-enzymatic antioxidants
are substances with low or high molecular weight, which naturally exert antiox-
idant activity and neutralize the free radicals produced and residues of the
oxidative metabolism, such as glutathione and other thiols (R-SH), plasma pro-
teins, uric acid (UA), Vitamin C, Vitamin E, Zinc and coenzyme Q10 [88, 89]. Using
various techniques, this component can be measured in the plasma and serum
of the test subjects, such as the determination of Ferric-Reducing Antioxidant
Power (FRAP) or total antioxidant power of the plasma. The FRAP measure spe-
cifically assesses the presence of uric acid, bilirubin, vitamin E, vitamin C, and
other plasma components that counterbalance the accumulation of ROS or RNS.
The second component of antioxidant system is represented by enzymes with
specialized function to neutralize potentially toxic radical or reactive species,
such as superoxide dismutase (SOD), catalase (CAT), glutathione peroxidase
(GPX) and reductase (GPR), as well as thioredoxin/peroxiredoxin systems [88,
89]. Various preclinical and clinical studies have reported that depression could
be related to altered levels of oxidative stress markers, with reduced concentra-
tions of the various non-enzymatic and enzymatic antioxidants, which can be
normalized with the use of antidepressants. In addition, some antioxidants dis-
play antidepressant properties (Zinc, N-acetylcysteine, Omega-3 free fatty
acids) [90].

The outcome of oxidative imbalance appears to be related to an excessive pro-
duction of ROS that function as signaling molecules at low physiological
concentration, and which have a fundamental role in the immunological re-
sponses that regulate the activity of different cells. At high concentrations,
however, ROS tend to have a damaging effect on cellular components, including
proteins (enzymes and receptors), lipids and DNA, that results in apoptosis and
cell death. Furthermore, oxidative stress and pro-inflammatory mechanisms
seem to be significant in the aging process and in developing serious pathologies
such as cancer, cardiovascular and neurodegenerative diseases (Parkinson's,
Alzheimer's disease and Huntington's chorea), and psychiatric disorders includ-
ing depression, schizophrenia and BDs [88-90]. The CNS, and particularly the
cerebral cortex, is the tissue that most requires oxygen for oxidative metabo-
lism, mitochondrial activity, and ATP production, in order to carry out the
elevated rate of protein turn-over in neurons as well as to ensure an adequate
axonal flow, so that it produce high amounts of ROS and is also highly vulnerable
to oxidative damage [88-90]. On this basis, some authors have proposed the
hypothesis that depression may be due to an activation of both inflammatory
and oxidative/nitrosative pathways.

In addition to tissue damage, ROS and RNS may trigger an autoimmune re-
sponse by changing the chemical structure of several molecules that result in
the production of modified and highly autoimmune epitopes. The nitration of
proteins, for example, results in nitrotyrosine, an immunogenic neoepitope. In
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turn, fatty acid autoepitope oxidation, normally ignored by immune system
cells, could lead to their being recognized when the components of the lipid
membrane have been damaged by such oxidative processes [88-90].

A sample of depressed patients was used to examine the relationship between
depression and lipid peroxidation: a decrease in PUFAs (polyunsaturated fatty
acids) of the red blood cells’ lipid membranes was observed, which indicates an
increase in long-chain degradation by peroxidation [91, 92]. The index of oxida-
tive potential (OPI) has been used to assess trends of fatty acids to oxidate.
Depressed patients show a decreased OPI that has been interpreted as a re-
duced activity of phospholipids, following an increased membrane potential
that would lead to a degradation. The oxidative potential index (OPI) is calcu-
lated and measures the tendency of fatty acids to oxidize, and seemed to reduce
during depressive states, which indicates a decreased oxidation capacity by the
phospholipids and a consequent increase in OPI, resulting in degradation of the
long chain [91, 92]. Moreover, lipid peroxidation markers have also been found
to decrease after successful antidepressant therapy [91, 92]. In acute forms of
depression, however, an increase in oxidation was detected, as well as a conse-
quent damage to DNA in the blood, urine and also in the brain tissue [91, 92].

Antioxidant enzymes that are expressed both peripherally and centrally are the
main systems that protect the brain from any damage caused by free radicals.
This activity from enzymes including copper-zinc superoxide dismutase, catalase
and glutathione peroxidase, in patients with MDD differs from that found in
healthy subjects. The majority of the data shows an increase in superoxide dis-
mutase enzyme (SOD) activity in depression [93], although opposite findings
have also been published [94]. However, ADs seem able to lower SOD activity,
and is positively related to the severity of depression [93]. In MDD the activity
of glutathione-reductase and catalase appears increased, while the glutathione-
peroxidase response seems decreased; in any case, ADs normalise the activity
of such enzymes [93].

Patients who had one depressive episode were also investigated and it was
found that the total antioxidant capacity was lower than the oxidative stress
index in healthy participants, but that normalizes after specific therapy [90]. Fur-
thermore, a significant increase in advanced product of protein oxidation
(AOPP) and a significant decrease in plasma antioxidant defenses (FRAP, cata-
lase activity and total thiols) have been reported in 30 geriatric depressed
patients in comparison with a sample of age-matched elderly controls [95].
These results reflect, overall, a change in antioxidant system reactivity in the
various forms and presentations of the disease, also based on the pharmacolog-

ical response.

2.5 Mood disorders and vitamins

Specific deficiencies of vitamins may eventually lead towards or accompany
consistent symptoms of psychiatric disorders [96]. As a matter of facts, symp-
toms of thiamine (vitamin B1) deficiency - that is common in alcoholism - may
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include confusion, psychotic symptoms, and neurological signs. In several cases,
vitamin B-12 and folate deficiency have been linked to symptoms of disorienta-
tion, depression or psychosis: as such, measurement of these compounds is
often included as part of routine dementia work-ups. Pyridoxine (vitamin B6)
deficiency has been related to seizures, while the effects of high-dose supple-
mentation with pyridoxine in disorders like depression and anxiety are currently
under evaluation [97]. During the past decades, the use of vitamins has been
more prominent in the treatment of schizophrenia than of other disorders;
however, if the available scientific literature is scarce as regards the use of vita-
mins for the treatment of schizophrenia, it even appears skimpy as regards
other mental pathologies such as mood disorders. This could be because, over
the years, placebo-controlled trials have substantially failed to show robust ev-
idence of efficacy of vitamin therapies for the treatment of major psychiatric
conditions. Although, at the present date, vitamin therapy is no longer prac-
ticed, the role of vitamins in the development of psychiatric symptoms or as
target-substrates in biological psychiatry remains pivotal [96]. The renewed in-
terest in the study of the role of vitamins in mental disorders basically lies on
the fact that a role of diet and gut microbiota in the pathogenesis of mental
disorders is currently recognized; moreover, on the fact that the metabolic and
psycho-neuro-endocrine alterations found in patients, also including taste and
olfactory changes, can co-exist with altered feeding behaviors, imbalanced in-
testinal absorption and, potentially, with essential element deficiencies, also
present during drug therapies which act at delayed times. Thus, this would imply
a direct health-care usefulness, deriving from the co-administration of specific
drugs and vitamins, and, possibly, also from the assessment of the plasma levels
of both drugs, vitamins or other substrates and essential elements during the
patient’s follow-up period.

2.5.1 Vitamin D

Vitamin D, also known as calciferol, is a fat-soluble vitamin that can be obtained
from a few foods, added to others, and taken as a dietary supplement. It is also
synthesized endogenously through exposure to ultraviolet (UV) rays from sun-
light. Vitamin D obtained from these sources is biologically inert and requires
two hydroxylation reactions in the body to become active. The first hydroxyla-
tion occurs in the liver, which converts vitamin D to 25-hydroxyvitamin D
(calcidiol). The second hydroxylation takes place primarily in the kidney and re-
sults in the formation of 1,25-dihydroxyvitamin D (calcitriol), the physiologically
active form of vitamin D. Vitamin D plays a crucial role in promoting calcium
absorption in the gut and maintaining adequate serum calcium and phosphate
concentrations, which are necessary for normal bone mineralization and to pre-
vent tetany due to hypocalcemia. It also facilitates bone growth and remodeling
by osteoblasts and osteoclasts. Insufficient vitamin D levels can result in thin,
brittle, or misshapen bones, leading to conditions such as rickets in children and
osteomalacia in adults. Vitamin D and calcium together help protect older adults
from osteoporosis. In addition to its role in bone health, vitamin D has various
other functions in the body, including reducing inflammation and modulating
processes such as cell growth, neuromuscular and immune function, and
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glucose metabolism. Vitamin D receptors are present in many tissues, and some
tissues can convert 25-hydroxyvitamin D to the active form, 1,25-dihydroxyvit-
amin D. Vitamin D is available in two main forms, D2 (ergocalciferol) and D3
(cholecalciferol), which differ only in their side-chain structures. Both forms are
well-absorbed in the small intestine through passive diffusion and a mechanism
that involves intestinal membrane carrier proteins. The presence of dietary fat
enhances vitamin D absorption, although some vitamin D can still be absorbed
without it. Vitamin D absorption from the gut is not affected by aging or obesity
[98-115].

Despite vitamin D is essential for maintaining bone structure and regulating cal-
cium and phosphorus levels in the body while also playing a central role in cell
proliferation and differentiation, apoptosis, and some immune system func-
tions, during recent years scientific community has become increasingly
interested in this pleiotropic hormone because of its involvement in several
functions of the CNS [98-103]. Animal studies have reported that vitamin D
seems pivotal during the early stages of life by regulating brain development
throughout the growth of new nerve cells (axogenesis) and the production of
several neurotrophic factors, including the nerve growth factor (NGF) [99-102].
Furthermore, vitamin D may be helpful in protecting the brain from damage
throughout preventing calcium from entering cells and inhibiting the production
of nitric oxide [102,103]. On the other hand, although such great amount of data
on its importance, vitamin D deficiency turns out to be a widespread issue
among the general population: this appears particularly worrisome knowing
that the fulfilment of the recommended vitamin D status is a goal that still re-
mains far to be achieved in various Western countries [104]. As far as the
neuropsychiatric field is concerned, an increasing number of reports that relate
vitamin D deficiency to several mental disorders, such as psychotic disorders,
eating disorders, obsessive-compulsive disorder (OCD), post-traumatic stress
disorder (PTSD) and autism spectrum disorders (ASDs) [106-122]. As for mood
disorders, the literature data available to date are limited and controversial al-
beit far from being trivial. Two studies [117,118] highlighted a significant
association between depressive symptoms and low vitamin D levels in a sample
of young adults with MDD and in 196 hospitalized depressed patients, respec-
tively. Another study involving 1892 patients with current or past depressive
disorders reported vitamin D deficiency in about one-third of subjects, and such
deficiency resulted more severe in patients with worse clinical symptoms. Those
over 2070 elderly patients (= 65 years) [123,124]. Two different investigations
underlined a significative vitamin D deficiency in manic episodes and bipolar
psychosis in subjects with BD [125,126]. However, another study on mood dis-
orders has questioned the results reported so far [127]. The hypothesis of the
administration of vitamin-D as an enhancement treatment in mood disorders
has not been examined without controversy. Notably, some scholars found out
that an eight-week supplementation with vitamin D3 could improve the symp-
toms of mania; on the other hand, another investigation did not replicate such
results neither subsequent meta-analyses [128-130]. Only a more recent meta-
analysis confirmed that vitamin D enhancement could provide a significant
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improvement of depressive symptoms in mood disorders in its results [131].
Other, more recent, investigations showed that implementation with 50,000 |U
of vitamin D for 8 weeks turned out to be beneficial for subjects with mild-mod-
erate depression, in the overall quality of life and illness severity, with women
showing a more significant improvement than men [132-133].

2.5.2 Vitamin B12, folic acid and
homocysteine

Folate and vitamin B12 are crucial essential nutrients whose insufficiency con-
stitutes a serious public health concern worldwide, affecting all age groups and
leading to various complications, including anemia, birth defects, and neurolog-
ical disorders [134-141]. Furthermore, a low concentration of these vitamins is
associated with high homocysteine levels, which is a recognized risk factor for
cardiovascular disease, cognitive decline, and adverse pregnancy outcomes
[134-141]. Inadequate dietary intake, medication use (such as methotrexate
and anticonvulsants), alcoholism, and medical conditions that increase cell turn-
over are some of the causes of folate deficiency. In addition, genetic
polymorphisms can also contribute to lowered folate levels. Conversely, vitamin
B12 insufficiency is primarily due to gastrointestinal disorders that lead to im-
paired vitamin B12 absorption, although it can also be caused by intestinal
parasitosis and genetic polymorphisms, albeit with less frequency [134-141].

Vitamin B12, also known as cobalamin, is a member of the B-group of vitamins,
which plays an essential role in regulating a variety of bodily functions. Unlike
other vitamins, B12 cannot be synthesized by the human body and thus requires
dietary intake [134]. It is mainly found in animal-sourced foods such as meat,
eggs, and certain dairy products, although its bioavailability can be influenced
by other factors, including dietary habits and health status. Once ingested, B12
is released from animal proteins through the action of gastric factors such as
hydrochloric acid and pepsin. It then binds to a protein called haptocorrin, which
is later destroyed in the intestine, allowing B12 to bind to the intrinsic factor (IF)
produced by gastric parietal cells. The B12-IF complex then binds to the cubulin
receptor in the ileum and is transported through endocytosis to the plasma,
where it binds to transcobalamin and, to a greater extent, to haptocorrin, be-
fore being transported to cells or stored in the liver. Vitamin B12 is a critical
cofactor of two enzymes: methionine synthase and methylmalonyl CoA mutase.
The former is a cytoplasmic enzyme that transfers a methyl group from methyl-
tetrahydrofolate to convert homocysteine to methionine. The latter is located
in the mitochondria and plays a crucial role in converting methylmalonyl CoA to
succinyl CoA, which is involved in the oxidation of odd-chain fatty acids and ca-
tabolism of ketogenic amino acids. Therefore, B12 is essential for DNA synthesis.
The recommended daily intake of cobalamin is approximately 5.94 mcg in men,
3.78 mcg in women, and between 3.76 and 4.55 mcg in younger age groups.
Adequate dietary intake of vitamin B12 is crucial to prevent deficiency-related
conditions and maintain optimal bodily functions [134-146].
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Vitamin B12 deficiency can result from various diseases such as malabsorption
syndromes (inflammatory bowel diseases, ileo-gastric surgery, pernicious ane-
mia), dietary restrictions, alcohol abuse, pancreatic insufficiency, intake of
specific drugs (e.g., metformin, proton pump inhibitors), and disorders affecting
its biochemistry [134-137]. Moreover, certain populations, including extreme
vegetarians [138] and pregnant women [139], appear to be at a higher risk of
developing vitamin B12 deficiency.

The deficiency of vitamin B12 may cause various hematological abnormalities,
including altered synthesis of red blood cells, which may lead to megaloblastic
anemia [136,137]. However, recent studies have shown that such deficiency can
also affect several neurological functions by causing myelin damage or inflam-
mation, potentially resulting in dementia, depression, and weakened cognitive
performance [140-143].

Folate, also known as vitamin B9 belonging to the B vitamins group, is composed
of three distinct albeit linked together chemical moieties. Specifically, a pterin
heterocyclic ring, which is a 2-amino-4-hydroxy-pteridine, is connected via a
methylene bridge to a p-amino-benzoyl group. This p-amino-benzoyl group is
bonded through an amide linkage to either glutamic acid or poly-glutamate,
while the N5 nitrogen atom of the pteridine ring and/or the N10 nitrogen atom
of the p-amino-benzoyl group may be attached with one-carbon units in a vari-
ety of oxidation states. A deficiency of folate can hinder DNA synthesis and cell
division, having the greatest impact on hematopoietic cells and neoplasms be-
cause of their higher frequency of cell division [136-138].

Homocysteine is an a-amino acid that differs from cysteine for an additional
methylene bridge (-CH2-). It is synthesized from methionine by removing its ter-
minal Ce methyl group. Initially, methionine receives an adenosine group from
ATP through a reaction catalyzed by S-adenosyl-methionine synthetase to form
S-adenosyl methionine (SAM-e). SAM-e then transfers the methyl group to an
acceptor molecule, such as norepinephrine during epinephrine synthesis or
DNA methyltransferase during DNA methylation. The adenosine is then hydro-
lyzed to produce L-homocysteine. L-homocysteine has two primary fates: 1)
conversion via tetrahydrofolate (THF) back into L-methionine through a process
that utilizes N5-methyl tetrahydrofolate as the methyl donor and cobalamin
(vitamin B12)-related enzymes as methionine synthase (MS), serine hydroxyme-
thyl transferase and methylene tetrahydrofolate reductase (MTHFR) [142,143];
there is also an alternative path for methionine recovery which utilizes betaine,
deriving from choline oxidation, and the enzyme betaine: homocysteine methyl-
transferase; 2) conversion into the protein thiol amino acid cysteine by the
sequential action of two vitamin B6 (pyridoxal phosphate)-dependent enzymes,
first cystathionine O-synthase (CBS), which catalyzes the condensation of ho-
mocysteine with serine giving raise to the intermediate cystathionine, then
cystathionine O-lyase or cystathionase (CGL or CTH), which hydrolyzes cystathi-
onine into cysteine, a-ketobutyrate and ammonia. These two cytoplasmic and
tetrameric enzymes irreversibly produce cysteine from homocysteine enabling
cells to fuel thiol reserves for protein synthesis, for disulfide bridges formation,
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for glutathione, taurine and other key sulfur-containing metabolic substrates
[144]. Their regulation is therefore crucial under specific physiological require-
ments [144; 145].

Vitamin B12, in combination with folic acid, plays a crucial role in homocysteine
metabolism, which is an essential metabolic process consisting of three funda-
mental processes: folate metabolism, homocysteine remethylation cycle, and
transsulfuration pathway. During the former, one-carbon units are transferred
to tetrahydrofolate, while in the latter, methionine is synthesized from homo-
cysteine through one-carbon units transferred from folate [142]. Thus, B12 and
folic acid serve as key cofactors in the conversion of homocysteine to methio-
nine, and their deficiencies can lead to hyperhomocysteinemia [143], which may
increase the risk of metabolic syndrome and mood disorders (MDs), primarily
depression [73]. This interdependence appears to impact multiple neuronal
pathways that are more or less directly controlled by vitamin B12. As a result,
vitamin B12 has been associated with the onset of several neuropsychiatric
symptoms/disorders, such as depression, anxiety, hallucinations, and delirium
[146-150].

The most consistent findings have linked vitamin B12 to MDs, particularly major
depressive disorder (MDD) [146-157]. Low B12 levels have been observed in up
to 30% of depressed patients [147,148], or in more than half of another large
sample [149]. An inverse correlation has also been highlighted between B12 lev-
els and illness severity [148]. A recent meta-analysis has concluded that dietary
intake of B12, along with that of other B-group vitamins, was inversely associ-
ated with the risk of depression, particularly in women, although the number of
studies included was small [149].

Conversely, the available literature regarding the relationship between vitamin
B12 and bipolar disorders (BDs) - a group of mood disorders characterized by
alternating depressive and manic/hypomanic episodes and high suicide risk - is
insufficient. The limited studies available mainly consist of sporadic case reports
[158-162], particularly during manic episodes. Further research is needed to
better understand the role of vitamin B12 in BDs.

In summary, we can conclude this chapter by pointing out that depression and
mood disorders are common complex disorders at multifactorial etiology. Both
molecular factors, i.e., genetic, epigenetic, protein translational, and psychoso-
cial and cultural factors may concur to the onset of these disorders. As concerns
the molecular mechanisms involved, it should be considered that these encom-
pass multiple branches, such as: 1) the regulation of neurotransmitter systems
as the 5-HT and noradrenergic ones, and/or that of neuropeptides; 2) the de-
gree of activation of the sympathetic nervous system, generating the release of
catecholamines, in turn provoking the consequent immunomodulation of sub-
sets of lymphocytes and leukocytes, together the enhancement of specific
glycolipid metabolic patterns; 3) the degree of activation of hypothalamic and
thalamic centers; 4) the degree of activation of the HPA axis, the glucocorticoid
response and the ensuing regulation of inflammation; 5) the integrity and
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activity of the enteric nervous system with its microbiota response; 6) the re-
lease of DAMPs from cells and tissues as well as the resulting activation state of
the inflammasome signaling; ultimately, 7) nucleic acid and protein methylation
states which can impact the epigenome, transcriptome, proteome and metab-
olome. Therefore, anomalies of these responses are supposed to reduce or
unbalance the release of neurotrophins, generating immune cell activation, in-
creased cytokine secretion, IDO/TDO-mediated induction of kynurenine-
derivative metabolism at the expense of 5-HT and melatonin synthesis, gluta-
mate system dysregulation, and, concomitantly, the abnormal production of
resilience-mediating molecules in patients. Much effort is still required to piece
together this puzzle and to understand the specificimbalances leading to deple-
tion of neuropeptides, neurotrophic factors, neurotransmitters, resilience-
mediating molecules and other adaptogen factors in mood disorders. As men-
tioned afore, it has been hypothesized that more than one pathway can affect
metabolism under acute and chronic psychological distress: the activation of
SNS and HPA axis, the inflammation response, hormones, the ENS and gut mi-
crobiota reactions, and even, let’s not forget, changes of taste perception and
nutritional conditions. So, if the acute and chronic stress underlie different net-
works, patients’ vulnerabilities can differentially shape these brain-body axis
responses. Such variability could thus represent the molecular bases of the mul-
tiple endophenotypes of depression and mania.
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3. Study

3.1 Study aim

This study aimed to explore a panel of peripheral nutritional, metabolic and re-
dox parameters in a group of patients with mood disorders. We therefore aimed
to appraise the association between mood affective illnesses and vitamin D, B12
and folate deficiencies. The parameters were plasma or serum levels of:

e vitamins D, B12 and folate;

the sulfur-containing amino acid homocysteine, deriving from methionine, an
essential amino acid involved in epigenetic, gene transcription regulatory sys-
tems, and in redox responses;

e glucose;

e total cholesterol (TC);

e total triglycerides (TD);

e transaminases (GOT, GPT and OOGT);
e uric acid;

e creatinine;

e azotemia or blood urea nitrogen (BUN);
e Na*tandK*

e The following hematological analyses were also carried out:
e white blood cell (WBC) count;

e red-blood cell (RBC) count;

e platelet (PLT) count.

Vitamin B12, folate and homocysteine had been taken into consideration since,
accordingly to current scientific literature, they are involved in crucial redox/en-
ergy metabolism reactions; besides, they are among the most promising
metabolic correlates of mood disorders, needing to be further investigated.

We have already examined the circulating levels of homocysteine, vitamin B12
and folate in a previous investigation [2], conducted to possibly find relationships
between mood disorders and these parameters. Although the trend looked at-
tractive, no significant correlation was found in that survey. However, that study
was retrospective, with homocysteine, vitamin B12 and folate evaluated in pa-
tients only, being thus simply compared to normative values and lacking of a
control group evaluated by means of the same clinical tools and the same ana-
lytical-chemistry methodologies [2].

To improve this previous study, present investigation aimed at comparing such
peripheral metabolic markers to a sample of healthy subjects, thus without any
psychiatric symptom, matched for age.
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3.2 Subjects

A total of 100 subjects was enrolled into the present investigation during the
period January 2020 - December 2022. Sixty-nine of them were inpatients hos-
pitalized for a mood disorder and recruited by examining the hospital charts of
first-time admissions at the “Casa di Cura Morana”, Marsala (TP), Sicily (Italy).
This health care facility is the largest public-and-private neuropsychiatric hospi-
tal of northern Sicily. All recruited subjects had approved their participation to
the study accordingly to the guidelines of the Ethical Committee of the “Casa di
Cura Morana”. Psychiatric diagnoses were conducted in accordance with DSM-
V criteria, by using the Mini International Neuropsychiatric Interview (MINI)
[163]. Symptom severity, as recorded in the medical charts, were assessed using
a battery of rating scale, in particular the Hamilton rating Scale for Depression
(HRSD) [164], the Young Mania Rating Scale (YMRS) [165], and the Clinical Global
Impression-severity (CGl-s) [166]. All recruited patients always underwent the
psychiatric examination at the beginning of their hospitalization or, in some
case, just few days after, but never after a pharmacological therapeutic change.

Control subjects were enrolled from healthy professionals or students who vol-
unteered to participate in the present study. None of the control subjects had
past history of major psychiatric illness neither had ever been prescribed psy-
chiatric drugs. Two controls admitted occasional recreational use of alcohol and
cannabinoids, two others admitted occasional recreational use of alcohol, one
more reported the occasional recreational use of cocaine, another one of gam-
bling, all disclosing, however, that such consumptions or habits had taken place
in the past, many years before their enrolment in this study.

In particular, the subject exclusion criteria were: age <18 and > 65 years; active
cancer; presence of overt heart, liver or kidney diseases; presence of hemato-
logical or neurological illnesses; current substance abuse; pregnancy. Additional
exclusion criteria were the use of non-steroidal anti-inflammatory agents, hy-
potensive drugs or compounds that interfere with carbohydrate-lipid
metabolism (insulin, oral hypoglycemic compounds, statins), as well as current
or past allergy towards xenobiotics.

3.3 Psychometric rating scales

All recruited subjects were evaluated by skilled psychiatrists using suitable psy-
chometric scales. After examination, each questionnaire provides a final
numeric score, enabling clinicians to make or exclude diagnoses as well as to
appraise the patient's clinical status. Precisely, all subjects were examined by
the Mini International Neuropsychiatric Interview (MINI) [163], a brief struc-
tured clinical interview that allows researchers to diagnose psychiatric disorders
according to the DSM-IV, DSM-V, ICD-10, or ICD-11; the Hamilton Rating Scale
for Depression (HRSD) [164] which provides a quantitative assessment of the
severity of depressive symptoms and their changes over time. The cut-off is de-
fined by the following reported scores: 25 =severe depression; 18-24 moderate
depression; 8-17 mild depression; < 7 no depression; the Young Mania Rating
Scale (YMRS) [165], which is an 11-item scale that explores the key symptoms
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of mania that are generally present throughout the entire clinical course (from
the most modest to the most severe phases). The YMRS is similar to the HRSD
in its structure and must be performed by an experienced clinician. The mean
YMRS total score of the patients in the manic phase was 40+5. The assessment
of severity is carried out on the basis of what the patients report on their con-
dition within the last 48 hours and on the observation of the behavior by the
doctor during the interview (with a relative priority for the latter); the CGI-S,
which is a questionnaire that requires the clinician to rate the severity of the
patient's illness at the time of assessment, relative to the clinician's past expe-
rience with patients who have the same diagnosis [166]. The scale is endowed
with three global scales (items): two of the items, ‘Severity of lliness’ and ‘Global
Improvement’ are rated on a 7-point scale, while the third, ‘Efficacy Index’, re-
quires a rating of the interaction of therapeutic effectiveness and adverse
reactions: 1= healthy patient; 2= borderline; 3= slightly ill; 4= moderately ill;
5= markedly ill; 6= severely ill; 7= very high severity level.

3.4 Serum and plasma preparation

All recruited subjects, the same days of psychiatric examinations, also under-
went a blood withdrawn for routine monitoring, always carried out between
8.00 and 9.00 am, to avoid circadian variations.

Figure 5. Serum and plasma separation from collected venous blood
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Blood samples (10 ml, antecubital vein) were obtained in both clot-activator and
anticoagulant-containing vacutainers from fasting subjects, sitting and relaxing
at a constant room temperature. for homocysteine and vitamin determinations,
blood was then centrifuged at 1,600 x g for 15 min at 4°C and the ensuing plasma
was collected and kept at -80°C until the assay. All other parameters were pre-
pared and measured by means of standard gold methodologies certified for
clinical chemistry laboratories (Figure 5).
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3.4.1 Plasma Vitamin D assay

Many different methodologies are available to measure vitamin D in biological
fluids. For instance, this assay can be conducted by competitive binding meth-
ods, high-performance liquid chromatography (HPLC), and radioimmunoassay
(RIA). Specifically, the RIA kit developed by DiaSorin S.p.A (Saluggia, Italy) was
the method used in the present investigation. The DiaSorin 25-hydroxy-vitamin-
D assay involves a 2-step procedure that includes rapid extraction of 25-hy-
droxy-vitamin-D and other hydroxylated metabolites from serum or plasma,
followed by a competitive RIA procedure that utilizes an antibody with specific-
ity for 25-hydroxy vitamin D [167, 168]. This method has been validated showing
a good agreement with both LC-MS/MS and LC-UV methodologies.

In our study, we evaluated plasma samples. The day of the analysis plasma was
thawed and extracted following the procedure described by the assay kit.

Figure 6. Comparison between DiaSorin RIA vitamin D assay and a LC-MS/MS method
[169].
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3.4.2 Serum Vitamin B12 assay

Serum vitamin B12 assays measure the total amount of both haptocorrin-bound
and transcobalamin-bound B12, including holotranscobalamin. Although the
most precise way to assess vitamin B12 status would be to use sequential assay
selection algorithms or to combine multiple markers into a single diagnostic in-
dicator, Nexo et al. [170] provided a detailed description of an ELISA procedure
that reliably enables the measurement of both total transcobalamin and holo-
transcobalamin. The procedure carried out by our laboratory strictly follows the
description provided by Nexo et al. [170], using y-globulins from two polyclonal
rabbit antibodies against recombinant human transcobalamin as both capture
and detection antibodies. Additionally, human recombinant transcobalamin
was used as a calibrator.
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3.4.3 Serum homocysteine assay

The measurement of serum homocysteine was performed by liquid chromatog-
raphy electrospray tandem mass spectrometry (LC-MS/MS), accordingly to the
procedure described by Rafii et al. [171]. This procedure precisely identifies and
qguantifies homocysteine levels, using the deuterated internal standards
methylmalonic acid. A reduction step is required to ensure the measurement of
total homocysteine. This reduction step allows all forms of homocysteine, in-
cluding homocysteine-cysteine mixed disulfides and other homocysteine
adducts, to be converted to free homocysteine, which may be therefore accu-
rately measured. The deuterated internal standards helped to minimize
potential variations in the sample preparation and instrument analysis, enabling
the accurate quantification of this analyte.

3.4.4 Plasma folate assay

Conducting epidemiological and bioavailability studies for folate or folic acid us-
ing existing analytical methods may be a challenging and time-consuming task
due to laborious sample preparation and lengthy chromatographic analysis. To
address this issue, Zayed and colleagues [172] developed a chromatography-
electrospray ionization-tandem mass spectrometry (HPLC-ESI-MS/MS) method
to determine unmetabolized folic acid in human plasma. This method utilizes
folic acid-d4 as an internal standard and involves a sample preparation step of
protein precipitation, with a total run time of 3.5 minutes. Separation of the
analytes was achieved on a C18 column (3 um; 50 x 3.00 mm) using an isocratic
elution procedure with a mobile phase composed of ammonium acetate (1
mM)-acetic acid-acetonitrile (9.9:0.1:90, v/v/v).

3.5 Statistical analyses

All laboratory, clinical and demographic data for continuous variables were
given in terms of mean + standard deviation (SD). Categorical variables were
given as frequencies (number) and percentages. The normality of variable dis-
tribution was determined using the Kolmogorov-Smirnov test. Non-parametric
statistical comparisons were employed herein. Mann-Whitney U-tests were
used to compare variables between the two subject groups under investigation.
The Kruskal-Wallis analysis of variance was used to analyze differences among
controls and sub-groups of patients. Correlations among the biological parame-
ters and the different groups were carried out using the Spearman test. For all
calculations and statistic evaluation the Graph-Pad Prism Software (Version
7.0.2, San Diego, CA, USA) was employed. The two-tailed statistical threshold
was set at p <.05. To avoid type Il statistical errors, we also considered trend to
significant p values those fitting within .05 < p < .1.
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4. Results

4.1. Demographic and clinical results

A total of 100 subjects was enrolled and divided in two branches: patients and
healthy controls. The patient group (n=69) consisted of 41 women and 28 men
(mean age: 44.64 £ 14.06 years). Similarly, the control group (n=31) consisted
of 16 women and 15 men (mean age: 43.97 + 14.70 years). Actually, there was
no significant difference in the mean age of the two groups showing that, in
both groups, the age distribution matched inside the 30s, 40s, or early 50s. No
significant difference in age was found between men and women in the two
groups, just a trend toward higher age in control men vs control women was
reported (p=.09).

As for the patient group, 27 were diagnosed with BD type | (BDI), 15 with BD
type Il (BDIl), 16 with schizoaffective disorders, and 11 with major depressive
disorder (MDD). Additionally, as per the MINI diagnostic tool, 36 patients were
experiencing a depressive episode, 20 of them an episode mixed features, seven
a hypomanic episode, and four a full-blown manic episode. Psychotic symptoms
were reported in 36 patients, including 19 with BDI (8 in manic phase, 8 in mixed
state, and 3 in depressive phase), 13 with schizoaffective disorder (6 in hypo-
manic phase, 3 in manic phase, and 4 in depressive phase), and 4 with MDD.
Forty patients had no psychiatric comorbidity, while 18 of them confirmed a
past substance use disorder (primarily cannabis misuse, but also psychostimu-
lants and hallucinogens); 11 of them had at least one anxiety disorder, and 10
(14.50%) presented neurodevelopmental traits (5 of which autism spectrum dis-
orders and 5 attention-deficit/hyperactivity disorder, ADHD). Additionally, 36
patients were heavy smokers. In terms of family history, 57 patients had at least
one relative with a psychiatric disorder, and 9 had a family history of suicide.
Furthermore, 40 patients had at least one medical comorbidity, and 11 patients
(23.19%) presented allergic reactions to xenobiotics (Table 1). The CGI-S scale
reported that all recruited patients had a high severity score, ranging from 5 to
7.

Table 1. Diagnoses of a group of 69 bipolar inpatients

Total sample Women Men

(N=69) (N=41) (N=28)
Bipolar | disorder 27 (39.1%) 15 12
Bipolar Il disorder 15 (21.7%) 10 5
Schizoaffective disorder 16 (23.2%) 9 7
Major depressive disorder 11 (15.9%) 7 4
Polarity of the episode
Manic 6 (8.7%) 2 4
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Hypomanic 7 (10.1%) 4 3

Depressive 36 (52.2%) 25 11
Mixed 20 (29.0%) 10 10
Psychotic symptoms 36 (52.2%) 21 15

During the observation period, the majority of patients in the study were taking
psychotropic drugs from different classes, based on their current episode and
possible longitudinal psychiatric disorder. Only seven patients were not taking
any psychotropic medications. Among the patients, 67 were treated with a
mood stabilizer, such as valproic acid, lithium salts, gabapentin, pregabalin,
lamotrigine, oxcarbazepine, or carbamazepine, of whom 54 were receiving at
least two mood stabilizers. Additionally, 27 patients were treated with antide-
pressants, including selective serotonin reuptake inhibitors (SSRIs), serotonin
and norepinephrine reuptake inhibitors (SNRIs), tricyclics, mirtazapine, trazo-
done, or bupropion. Furthermore, 63 patients were receiving antipsychotics,
including both first- and second-generation antipsychotics (FGAs and SGAs), and
20 were taking benzodiazepines. Finally, 4 patients were being treated with an-
ticholinergic drugs, such as biperiden. Table 2 provides a summary of the
psychotropic medications being used by the patients in the study.

Table 2. Current treatments of the patients

Drugs N (%)
Mood stabilizers 67 (97.1%)
One mood stabilizer 13 (21.7%)
Two or more mood stabilizers 54 (78.3%)
Lithium 52 (75.4%)
Valproic Acid 51 (73.9%)
Pregabalin 12 (17.4%)
Lamotrigine 6 (8.7%)
Oxcarbazepine 5(7.2%)
Carbamazepine 4 (5.8%)
Gabapentin 2 (3.0%)
Antipsychotics 63 (91.3%)
One antipsychotic 45 (83.9%)
Two or more antipsychotics 18 (26.1%)
FGAs
Haloperidol 7(10.1%)
Trifluoperazine 1(1.4%)
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Clotiapine 1(1.4%)
SGAs
Olanzapine 27 (39.1%)
Quetiapine 20 (29.0%)
Clozapine 11 (15.9%)
Lurasidone 6 (8.7%)
Risperidone 5(7.2%)
Aripiprazole 5(7.2%)
Chlorpromazine 1(1.4%)
Paliperidone 1(1.4%)
Antidepressants 27 (39.1%)
One antidepressant 23 (94.2%)
Two or more antidepressants 4 (5.8%)
SSRIs 14 (20.3%)
SNRIs 10 (14.5%)
TCls 2 (2.9%)
Mirtazapine 2 (2.9%)
Trazodone 2 (2.9%)
Bupropion 1(1.4%)
Vortioxetine 1(1.4%)
Benzodiazepines 20 (29.0%)
Anticholinergic drugs (Biperiden) 4 (5.8%)

4.2. Biochemical results

Table 3 reports all biochemical results obtained in the patient and control
groups. The mean values of clinical-chemistry parameters were always inside
their bloodstream physiological limits, except for the patients’ homocysteine
and vitamin D levels, the former of which were found to be above and the latter
below the normal ones. As concerns gender differences, these were appraised
in total subjects only, due to the relatively small sample size and the prevalence
of women in patients: we reported higher levels of red blood cells, uric acid and
creatinine in men than women (* and *** at the significance test), reflecting the
gender differences in these blood parameters; higher levels in men were re-
ported also for GPT and y-GT, perhaps due to gender-related somatic
vulnerabilities and/or lifestyle. No significant difference between patients and
controls was reported for most biochemical parameters, except for vitamin D,
homocysteine, glycemia and BUN values.

Table 3. Clinical-chemical parameters in the two group under investigation
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Patients Controls Mann Whit-

ney U

Number of pa-

tients

Mean age

(years)

Red blood cells
(*106/uL)

White blood
cells (*103/pL)

Platelets
(*103/pL)

Cholesterol
(mg/dL)

Triglycerides
(mg/dL)

Uric acid
(mg/dL)

Glycemia
(mg/dL)

GOT (U/L)
GPT (U/L)

Y-GT (U/L)

Azotemia (BUN)

(mg/dL)

Creatinine
(mg/dL)

Folic Acid
(ng/mL)

Homocysteine
(rmol/L)

Sodium
(mEq/L)

Potassium
(mEq/L)

Vitamin B12
(pg/mL)

69

44.64 + 14.06

4.65 £ 0.56

7.53+1.8

218.7 +48.56

177.35 + 38.60

132.20 + 88.64

4.45+1.24

92.25+22.83

17.14 £5.58
19.17 £9.27

22.59+27.70

28.71+8.12

0.83+0.13

7.22+3.31

13.43 + 7.34 (46)

141.20+2.23

4.28 +.034

343.72 +£183.87

31

43.97 + 14.07

4.59 +£0.48

7.53+2.24

239.9+72.82

172.0+35.73

123.3+40.61

4.50 +£1.62

85.42 +8.98

23.42+19.4

18.65+12.82

17.13+9.11

32.16+6.44

0.84+0.16

8.31+4.67

8.74 £3.12

140.8 +£2.69

4.34 +£0.40

405.9+234.4

>.05

>.05

>.05

>.05

>.05

>.05

>.05

.05*

>.05

>.05

>.05

.0194*

>.05

>.05

<.0001****

>.05

>.05

>.05

1062

995

1008

913

1049

969

1059

809

866

921

935

757

982

964

326

960

932

909
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Vitamin D

14.58 +11.27 30.97 +17.87 <0.0001**** 401
(ng/mL)

Legend: * Significance, ** high significance, *** higher significance, **** even
higher significance

4.2.1 Vitamin D

Comparison of vitamin D levels in the two groups revealed that mean values
were found significantly and strongly reduced in the patients’ group (Table 3;
Figure 7). The standard deviation of vitamin D levels in the patients’ sample was
also lower, indicating that there was less variation in vitamin D levels among the
patients. The range of vitamin D levels was also slightly narrower within the pa-
tients (2.4-72.3 ng/ml) compared to the values of the controls (9-85 ng/ml),
further suggesting a significant difference in vitamin D levels between the two
groups. Also, a statistically significant difference (t = -11.36 and p < .001) was
observed between the mean vitamin D levels of the general population (30
ng/ml) and the mean vitamin D value reported in patients enrolled in this study.
Of the 69 patients, 17 (24.64%) had severe critical levels (<6.5 ng/ml), 18
(26.09%) displayed critical deficiency levels (<12 ng/ml), 19 (27.54%) exhibited
insufficient vitamin D levels (12-20 ng/ml), 11 (15.94%) had instead sufficient
levels (20-30 ng/ml), and only 4 (5.80%) showed optimal levels (=30 ng/ml).

Figure 7. Mann-Whitney U-test comparison between vitamin D levels in patients (Pts) vs.
controls (CTL).
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No significant differences were observed among the groups in terms of a family
history of psychiatric disorders, specific psychopharmacologic treatment, med-
ical comorbidities, affective episodes, diagnosis, or gender (data not shown).

4.2.2 Vitamin B12

The range of vitamin B12 levels were 80-1104 pg/ml in the patient group and
183-1078 pg/ml in the healthy control group. As reported in Figure 8, despite
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the mean vitamin B12 level was lower in the patient group (343.7 £ 183.9 pg/ml)
than in the control group (405.9 * 234.4 pg/ml), the difference was not statisti-
cally significant (p = 0.2764; Mann-Whitney U = 909). Amongst the patients,
notably, nine showed a critical deficiency (< 200 pg/ml, 144.78 + 36.44), 25 in-
sufficient (201-300 pg/ml, 258.88 + 31.31) levels, 34 optimal values (301-950
pg/mL, 439.21 * 159.67 pg/ml) and two presented excessive levels (> 950
pg/mL, 1552 + 633.57 pg/ml). Interestingly, patients with a family history of su-
icide (7 women and 2 men, of whom 4 BDII, 3 BDI, 2 MDD; 6 in depressive
episode, 2 in manic phase and 1 in mixed state; 3 with psychotic symptoms; 3
with acute onset) showed lower levels of vitamin B12 (302.1 + 189.6 pg/ml)
compared to the rest of the sample (350.1 + 142 pg/ml). Albeit not statistically
significant, these results indicate anyway a decreasing trend in mean vitamin
B12 levels from the control group to the patient group without suicide familiar-
ity and then to the patients with a suicide family history subgroup (see figure 9).
Possibly, the investigation of a larger subgroup of patients with suicide family
history may eventually lead towards a more precise conclusion.

Vitamin B12 levels did not significantly differed among groups, but we report
here the graphical representation of results, since a trend towards lower values
in patients can be observed.

Figure 8. Mann-Whitney U-test comparison of vitamin B12 values between patients (Pts)
and controls (CTL).
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Figure 9. Kruskal-Wallis’s test for vitamin B12 in controls and two patients’ subgroups,
based on suicide familiarity. P. NS: mood disorder patients without familiarity for suicide;
P. S: mood disorder patients with familiarity for suicide.
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4.2.3 Homocysteine

Homocysteine levels were measured in n=46 patients. The mean homocysteine
level was strongly and significantly higher in the patients’ group than in control
group, as evidenced by the mean homocysteine levels of 13.43 umol/L and
8.742 umol/L, respectively. Furthermore, the standard deviation of homocyste-
ine levels was found to be significantly higher in the patients with mood
disorders group compared to the healthy controls group (SD = 7.34 umol/L for
patients with mood disorders and SD = 3.119 umol/L for healthy controls). The
Mann-Whitney U test showed that such difference in homocysteine levels be-
tween the two groups was significant (U = 326, p < 0.0001, two-tailed), thus
suggesting strong evidence for higher homocysteine levels people with mood
disorders.

Figure 10. Mann-Whitney U-test comparison of homocysteine values between patients
(Pts) and controls (CTL).
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In patients, higher levels of homocysteine were reported in men vs women
(p=.0094), suggesting that men are more prone to altered methionine metabo-
lism fluxes.
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4.2.4 Folic Acid

The control group had a higher mean folic acid level (8.31 + 4.67 ng/mL) than
the patients’ group (7.22 + 3.307 ng/mL). The median folic acid level was 8.5
ng/mL in the control group and 6.6 ng/mL in the patients’ group, further indi-
cating that the folic acid levels in the control group were generally higher than
in the patients group. The Mann-Whitney U-test showed that there was no sig-
nificant difference in folic acid levels between the two groups (U = 964, p =
0.4348, two-tailed).

4.2.5 Azotemia (BUN) and glycemia

The descriptive analysis also revealed that the mean BUN level was 32.166.44
mg/dL in the control group, while it was 28.71 + 8.121 mg/dL in the patient
group. The Mann-Whitney test employed to compare the two groups showed a
statistically significant difference (p=0.0194), with a two-tailed exact p-value of
0.0388 and a Mann-Whitney U value of 757.5, indicating that the control group
had higher BUN levels than the patients. On the other hand, the mean glycemia
was higher in the patients’ group (92.25 + 22.83 mg/dL) than the control group
(85.42 + 8.98 mg/dL). In this case, the Mann-Whitney test showed a p-value of
0.005, indicating a strong significant difference in glycemia values between the
two groups.

The significantly reduced BUN, together significantly higher values of blood glu-
cose, reported in patients vs. controls, is also shown in Figure 11.

Besides, in patients, we also reported a gender effect on glycemia values: higher
levels of this parameter were obtained in men vs women (p=. 047). Also, a trend
towards higher levels of BUN was obtained in men than women (p=.09).

Figure 11. Mann-Whitney U-test comparison of BUN and blood glucose values between
patients (Pts) and controls (CTL).
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4.2.6 Correlations among biochemical parameters

Table 4 reports all the Spearman-correlation results concerning the biochemical
data measured in the whole group of subjects enrolled. Many significant corre-
lations were found. First of all, we observed that vitamin D positively correlated
with vitamin B12 and negatively with homocysteine, showing a high statistical
significance, while being negatively correlated with uric acid and nearly posi-
tively correlated with folate. In addition to the correlation with vitamin D,
vitamin B12 also strongly and positively correlated with folate and negatively
with homocysteine; moreover, folate also correlated negatively with homocys-
teine, showing a trend for negative correlations with blood glycemia and
sodium; homocysteine also correlated positively with uric acid and BUN, while
revealing a trend for a positive correlation with glycemia; glycemia also posi-
tively correlated with circulating triglycerides, y-GT and sodium, while displaying
a trend for a positive correlation with uric acid; total cholesterol resulted posi-
tively correlated with triglycerides, uric acid and y -GT while being nearly
positively correlated with BUN and white blood cells ; triglycerides positively
correlated with uric acid, y-GT and white blood cell counts, being almost posi-
tively correlated with BUN and natremia; uric acid also positively correlated
with creatinine, BUN, y-GT, and red blood cells; creatinine positively correlated
with BUN, white and red blood cell counts; BUN additionally was found posi-
tively correlated with white blood cell counts; GOT positively correlated with
GPT and y -GT, while almost negatively with platelet counts; GPT also positively
correlated with y-GT, blood potassium, and red blood cells, while reporting a
trend towards negative correlation with platelet counts; y-GT also showed a
positive correlation with white blood cell counts; blood potassium showed a
positive correlation with platelet cell counts; finally, white blood cell counts
were found also positively correlated with red blood cells platelet counts. We
also performed correlations between age and biological parameters considering
the totality of recruited subjects: positive correlations were reported for total
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cholesterol, triglycerides, glycemia, uric acid, BUN, creatinine and homocysteine
(* and *** at the significance test).
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Table 4. Spearman correlations between biochemical parameters in all subjects (n=100)

Vit. B12 HCY K WBC RBC PLT
pg/ml mmol/| mEq/L *103/ul *106/pl *103/ul
Vit. D ’io‘cfog r=0.18 r=-0.33 r=-0.142 =-0.136 r=-0.0365,  r=-0.2062,  r=0.078, r=0.0215,  r=0.049, =-0.053, r=-0.122, =-0.16, r=0.14, r=-0.038, =-0.05, r=0.131,
ng/ml Z; p=.067° P=.004** p>.05 p>.05 p>.05 p=.04* p>.05 p>.05 p>.05 p>.05 p>.05 p>.05 p>.05 P>.05 p>.05 p>.05
) r=0.35, r=-0.27,
Vit.B12 ) oon Coons r=-0.135, r=0.07, r=0.029, r=-0.114, r=0.064, r=0.015, r=0.15, r=-0.021, r=0.036, r=-0.126, r=0.06, r=0.06, r=0.07 r=0.093,
pg/ml ’j;'* ’j‘ ’ p>.05 p>.05 p>.05 p>.05 p>.05 p>.05 p>.05 p>.05 p>.05 p>.05 p>.05 p>.05 p>.05 p>.05
FA ) ) ,::%599 15 r=-0.18, r=0.011 r=-0.12, r=-0.081 r=0.011, r=-0.07, r=0.144, r=-0.02, r=0.13, r=-0.19, r=-0.086, r=-0.05, r=0.03, r=-0.05,
ng/ml 2; p=.067° p>.05 p>.05 p>.05 p>.05 p>.05 p>.05 p>.05 p>.05 p=.056° p>.05 p>.05 p>.05 p>.05
Hey ) ) . r=0.21, r=0.16, r=0.07, ’iDbZ' r=0.17, ’:_062435: r=-0.06, r=0.08, r=0.04, r=-0.13 r=-0.02, r=.047, r=004,  r=0.02,
mmol/I p=.058° p>.05 p>.05 e; p>.05 ’j" p>.05 p>.05 p>.05 p>.05 p>.05 p>.05 p>.05 p>.05
6Ly ) ) ) ) r=0.05, ros r=0.19, r=0022,  r=0143,  r=0.05, r=0.13, o o r=0.15, r=0.055,  r=013,  r=0.09,
mg/dl p>.05 p= p=.058" p>.05 p>.05 p>.05 p>.05 p=02 p= 0>.05 p>.05 p>.05 p>.05
TCH ) ) ) ) ) 0049, 0183 0155 r=015, Cose 007, r=0.009,  r-0.15, r=0.05,  r=0.06,
mg/dl e p= p>.05 p=.06° p>.05 p>.05 P p>.05 p>.05 p=.07° p>.05 p>.05
16 ) ) ) ) ) ) Cos =007, r=0.18, r=0.082,  r=0.03, COS 017, =005, COS . 008 r=0033
mg/dl p= p>.05 p=.07° p>.05 p>.05 p= p=.08° p>.05 p= p>.05 p>.05
ua ) ) ) ) ) ) ) oS O ooz, r=0.08, SO 0089, =008, r-0.12, O
mg/dl p= P p>.05 p>.05 L p>.05 p>.05 p>.05 p= p>.05
Crea ) ) ) ) ) ] ] ] r:<0.04080, : r=-0.007,  r=0.007, r=0.07, r=0.08, r=-0.027,  r=0.19, riabzzi r=0.15,
meg/dI L p>.05 p>.05 p>.05 p>.05 p>.05 p=.053* p= p>.05
r=0.21,
BUN ) ) ) ) ) ) ) ) ) r=0.08, r=0.11, r=0.03, r=0.004, r=-0.04, o r=0.04 r=0.06,
mg/dl p>.05 p>.05 p>.05 p>.05 p>.05 37’ p>.05 p>.05
GoT ] ) ) ) ) ) ) ) ) ] riobf)% : ri0b14199z r=0.054, r=0.02, r=0.138, r=0.13 ri’%%’
u/l peo p= p>.05 p>.05 p>.05 p>.05 ?’;
GPT ] ) ) ) ) ) ) ) ) ] ) riob% o, r=0.009, ’:_0531‘;7 r=0.05, riof r=-0.18,
u/I peo p>.05 p= p>.05 p= p=.068°
y-GT ) ) ) ) ) ) ) ) ) ) ) ) r=0.049, r=0.07, ’:_Obi‘(’é r=0.09 r=0.12,
u/I p>.05 p>.05 p= p>.05 p>.05
Na ; ; ; } } ) ) ) } } } } ) r=0.10, r=0.10, r=0.07 r=-0.017,
mEq/L p>.05 p>.05 p>.05 p>.05
K ] ) ) ) ) ) ) ) ) ] ) ) ) ) r=0.02, r=0.09 riobz(i;
mEq/L p>.05 p>.05 i;
WBC ) ) ) ) ) ) ) ) ) ) ) ) ) ) i r=0.22 r=0.42p <.0001
*103/pl p=.025* Hkkk
RBC ) ) ) ) ) ) ) ) ) ) ) ) ) ) i ) r=0.12
*106/pl p>.05

Spearman correlation results were reported as r= coefficient of correlation and p= statistical significance scores.

Red values report significant correlations, with: * significance, ** high significance, *** higher significance, **** even higher significance;
Blue values report nearly significant correlations, with: ° trend towards significance, .05<p < 1.

FA: folate or folic acid; HCY: homocysteine; GLY: glycemia; TCH: total cholesterol; TG: triglycerides; UA: uric acid; Crea: Creatinine; BUN: blood urea nitrogen; GOT: glutamic oxaloacetic transaminase; GPT: glutamic pyruvic
transaminase; [J-GT: O-glutamyl transpeptidase; WBC: white blood cells; RBC: red blood cells; PLT: platelets
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In addition, separate correlations in controls and patients were carried out (data
not shown), obtaining different patterns of results in the two groups under in-
vestigation. The positive correlations between different vitamins and the
negative correlations between vitamins and homocysteine reported in all re-
cruited subjects were found only in control subjects. The positive correlation
between vitamin D and vitamin B12 was greater in control than total subjects,
r=0.622, p=.0002. The relationships between lipid and purinergic metabolism,
liver function, and kidney function were present in both patients and controls,
with the exception of the negative correlation between vitamin D and uric acid,
which was observed in controls only. Positive correlations between homocyste-
ine and creatinine, r= 0.389, p= .0075, or between uric acid and white blood
cells, r=0,252, p=.037, were instead found in patients only, while correlations
between glycemia and triglycerides or uric acid or y-GT, between GOT and PLT,
or between y-GT and white blood cells, resulted more pronounced in patients
than in total subjects (* and ** at the significance test). In controls we reported
an exclusive negative correlation between folate and BUN, r=-0.48, p=.0057, be-
tween vitamin B12 and BUN, r=-0.402, p=.023, as well as positive correlations
between homocysteine, total cholesterol and BUN and total cholesterol, BUN
and triglycerides (* and ** at the significance test). Always in the controls, pos-
itive correlations with age were reported for uric acid and homocysteine (* and
*** at the significance test), while reporting a negative correlation with age for
vitamin D and folic acid (* at the significance test). In patients a different pattern
was obtained: positive correlations with age were found with total cholesterol,
glycemia and creatinine (* and ** at the significance test), without any relation-
ship with triglycerides, homocysteine or vitamins.
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5. Discussion and conclusions

The present investigation is a preliminary report conducted on a group of mood
disorder patients with a heterogeneous diagnosis, all sharing an overall high
global severity score due to the degree of impaired mood and mental status,
with the main scope to screen their metabolic, vitamin and nutritional state, this
last in particular related to the metabolic fluxes of the essential amino acid me-
thionine, as compared to a control group of subjects without any psychiatric
symptom. Due to the contrasting data present in the current literature on this
topic and, at the meantime, due to the relevance of results showing vitamin
deficits and other metabolic impairment for improving treatments and assis-
tance of mood disorder patients, our study acquires direct importance. Indeed,
we observed that patients presented specific metabolic alterations together vit-
amin deficiencies, in particular as concerns vitamin D and sulfur amino acid
metabolism. Thus, we focus the results’ discussion overall on those parameters
found altered in patients vs. controls, and related metabolites.

5.1 Vitamin D

The objective of the present study was to evaluate the levels of vitamin D in a
cohort of adult patients who were hospitalized for a mood episode of bipolar
disorders (BDs), major depressive disorders (MDD) and schizoaffective disorder,
as diagnosed by means of suitable psychometric tools. Specifically, we com-
pared the vitamin D levels of these patients with those reported in a group of
age-matched controls.

The current study reports further evidence to the existing literature on the re-
lationship between vitamin D deficiency and psychiatric conditions. A main
result of the present survey is that almost 80% of patients exhibited low vitamin
D levels. This is a very important information. Indeed, our finding support pre-
vious research indicating that vitamin D deficiency might play a role in the
pathophysiology of BDs [125;126], which represent about the 60% of our pa-
tient sample. Patients may be at a higher risk for vitamin D deficiency compared
to controls, which may have implications for the management and treatment of
mood disorders. Other studies have also reported low vitamin D levels in pa-
tients with acute manic episodes [121] and bipolar psychotic patients [122].
Some research suggests that the incidence of hypovitaminosis in bipolar pa-
tients is similar to those with other psychiatric disorders [123].

The impact of vitamin D on major depressive disorder (MDD) is also a topic of
debate due to the relatively limited available evidence. Some studies have
shown a correlation between lower vitamin D levels and depressive symptom:s,
such as in a sample of young adults [117] and in 196 hospitalized depressed pa-
tients [118]. A subsequent study involving 1892 patients with current or
remitted depressive disorders matched with a group of healthy controls con-
firmed the presence of vitamin D deficiency in about one in three subjects, with

49



Circulating levels of vitamin D, vitamin B12, folate, homocysteine, and major haemato-chemical parameters in
mood-disorder patients: a comparative cross-sectional study

the highest prevalence among the most severe patients [119]. These findings
were also replicated in a study of over 2070 elderly participants (aged > 65
years) [120].

The potential impact of vitamin D supplementation as an adjunct to psycho-
tropic drugs remains a subject of controversy [124-130]. One study found that
adjunctive vitamin D supplementation may be beneficial as a single parental
dose (3,00,000 IU) for depressive symptoms, as well as overall quality of life and
illness severity [131]. These controversies need to be clarified, considering also
that women “per se” have vulnerability towards low level of vitamin D, so that
women with a mood disorder are supposed to be particularly exposed towards
such a relevant nutritional deficiency. It should be pointed out that a greater
improvement in depressive symptoms following three months of vitamin D sup-
plementation at a dose of 50,000 |.U. has been observed in women [132].

The impact of vitamin D supplementation may vary according to other variables,
such as the presence of comorbidities and clinical features that accompany de-
pressive symptoms. Recent studies have supported this assertion, as some
research has shown that patients with vitamin D deficiency experienced an im-
provement in anxiety symptoms even in the absence of depressive symptoms
[174]. Additionally, given the high prevalence of vitamin D deficiency among the
elderly population, medical comorbidities, which are common in these patients,
may represent another variable that can affect the response to vitamin D sup-
plementation. An improvement in depressive symptoms was recently
demonstrated in a group of patients with type 2 diabetes, with concomitant im-
provement in metabolic parameters such as insulin and HbAlc, as vitamin D
may facilitate insulin release from pancreatic beta-cells [175].

The discovery of nuclear vitamin D receptors (VDRs) and vitamin D response el-
ements (VDRE) in the promoter regions of several genes has broadened the
scope of vitamin D’s activities [176,177]. VDRs are believed to play a critical role
in embryonic brain development, given their expression in different brain re-
gions, including dopaminergic neurons in the substantia nigra [178] and various
subtypes of brain cells such as microglia, astrocytes, and oligodendrocytes
[179,180]. The distribution of VDRs in the brain provides an explanation for the
multiple roles of vitamin D in various fundamental brain processes, such as axon
development, promotion of neurotrophic factors (i.e., NGF and BDNF) [173,
181,182], and neuroprotection by inhibiting nitric oxide (NO) production. In fact,
these processes can be altered in mood disorders [178-182].

5.2 Vitamin B12, folic acid and homocysteine

The present study also aimed to evaluate the levels of vitamin B12, homocyste-
ine, and folic acid in a large sample of patients diagnosed with mood disorders
disorder, who have a relevantly impaired mood tonus. These three parameters
are involved in methionine metabolism, in particular: homocysteine is a main
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substrate at the crossroad between its remethylation to methionine and trans-
sulfuration reactions towards cysteine; acid folic and vitamin B12 are instead
involved in the reactions of homocysteine remethylation, going back towards
methionine [183, Figure 12]. The main enzymes involved in these pathways are
methionine synthase (MS) which uses vitamin B12 as coenzyme and 7-methyl-
enetetrahydrofolate reductase (MTHFR), which is part of the vitamin B12-folate
cycle [184].

Figure 12. The inter-relationships between vitamin B12, folate, methionine remethylation
from homocysteine, transsulfuration of homocysteine to cysteine, and the S-adenosyl-me-
thionine (SAM) regulation [modified from 183]. CBS: cystathionine B-synthase; CGL:

cystathionine y-lyase.
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Nearly half of the recruited patients (n=34) had significantly lower vitamin B12
levels than the normative values. Of these patients, 9 presented a critical defi-
ciency (less than 200 pg/mL), while 25 had insufficient levels (between 201-300
pg/mL). Vitamin B12 is present in the bloodstream under different forms. It is
therefore possible that heterogeneous compositions of blood vitamin B12, het-
erogeneity of diagnosis and methodological issues are susceptible to variability
of results. Therefore, our observation of no significant difference between pa-
tients and controls in vitamin B12 values can be due to the small cohort of
subjects recruited, even if lower mean levels were found in patients. This sug-
gests to increase the sample size of both groups for a more accurate analysis.
Previous studies have primarily focused on major depressive disorder (MDD) or
isolated mood symptoms, and have reported rates of B12 deficiency in approx-
imately 1 out of 2-3 depressed patients [150,151]. Consistent findings were
observed with increased plasma homocysteine levels in a study of 30 depressed
subjects conducted a decade ago [183]. The relationship between B12 defi-
ciency and mood disorders has also been observed in both young [185] and
elderly patients in other studies [184], as well as in obesity [186].
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While some controversies exist, the available literature suggests that lower lev-
els of vitamin B12 may be associated with an increased risk of developing Major
Depressive Disorder (MDD) [150,151]. However, the potential benefits of sup-
plementing or augmenting antidepressants with vitamin B12 remain unclear,
and large population studies are needed to clarify this issue. The literature on
BDs is more limited, with case reports from some decades ago and a few there-
after, primarily focusing on manic episodes [187-192]. Recently, a 16-year-old
male adolescent with a clinical picture characterized by mixed mood disorder
symptoms, psychotic features, and marked extrapyramidal symptoms possibly
due to B12 deficiency was successfully treated with intramuscular B12 and
risperidone [190]. It is worth noting a peculiar case report, even if this was not
a case of bipolar disorder: a 27-year-old girl with a diagnosis of schizophrenic
paranoia did not improve with standard therapies, being thus judged as clozap-
ine-resistant, but remitted after vitamin B12 supplementation [193]. In another
case, a 38-year-old male patient with depressive and psychotic symptoms, as
well as suicidal thoughts, showed improvement after receiving a combination
of intramuscular B12, sertraline, and risperidone [194]. The patient had a B12
deficiency secondary to bariatric surgery, which is a common occurrence in
these patients [195]. Despite these findings, the possible therapeutic efficacy of
vitamin B12 in BDs remains a mere suggestion that requires substantiation
through more robust data.

In a previous investigation we found that patients with a family history of suicide
had significantly lower vitamin B12 levels than the rest of the sample [2]. How-
ever, we could not confirm this result, since we could extend only the patient
sub-group without familiarity for suicide. Some case reports suggest a possible
link between reduced serum B12 levels and suicidal behaviors [196, 197]. There-
fore, the replication of this finding is necessary, since valuable predictors of
suicide, a common complication of Mood Disorders (MDs), and especially BDs,
are strongly required. The estimated suicide risk in MDs is around 15%, with up
to 800,000 deaths per year [198-200]. Patients with BDs have a suicide rate 20-
30 times higher than the general population, with BD Il patients being at greater
risk [201]. While we could not find lower vitamin B12 levels in patients, the pre-
sent investigation instead revealed much higher values of homocysteine levels
in them, displaying values even higher than the normative ones (n=14). These
findings are in agreement with previous studies investigating homocysteine lev-
els in BD patients. For instance, a recent study found that roughly one in eight
BD patients had higher homocysteine levels, particularly among men. Addition-
ally, the study found that higher homocysteine levels were significantly
associated with a higher prevalence of mixed episodes, further underscoring the
importance of investigating this potential biomarker [202].

Similarly, a previous study involving 112 BD patients with a depressive episode
found that almost half (45%) of the participants exhibited hyper-homocyste-
inemia. This study also found an inverse correlation between homocysteine
levels and plasma B12 and folic acid levels, further emphasizing the need for
comprehensive studies examining multiple biomarkers in BD patients [203]. This
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correlation suggests that patients have increased homocysteine due to a re-
duced remethylation of homocysteine to methionine, because of, at least in
part, the loss of both folate and vitamin B12 of the so-called folate cycle [144].
However, in the present cross-sectional survey, we could not directly relate the
very high homocysteine levels with lower vitamin B12 and folate.

Regarding manic episodes, a recent meta-analysis revealed hyper-homocyste-
inemia during both manic episodes and euthymic phases in BD patients.
However, the issue of homocysteine as a reliable biomarker for treatment re-
sponse in BDs remains controversial, with previous studies pointing out the
need for randomized clinical trials and consistent methodology to clarify the is-
sue [204,205]. In light of these findings, further research is necessary to fully
understand the role of homocysteine as a potential biomarker in BDs.

The majority of our patients (66 out of 69) had normal folic acid levels, which is
consistent with some studies [206,207], and inconsistent with others that re-
ported lower mean folic acid levels in bipolar depressed patients or in MDD
[208, 209]. A more recent meta-analysis found that bipolar patients may have
low folate levels, but this conclusion should be interpreted with caution given
the potential impact of confounding variables [210]. It seems surprising that the
very high plasma levels of homocysteine obtained in mood disorder patients are
not linked to low circulating levels of folate and vitamin B12, due to their meta-
bolic relationships. However, it is also possible that the severe unbalance of
homocysteine levels reported herein in patients can be rather caused by an al-
tered trassulfuration path and lowered cysteine formation from homocysteine.
Cysteine formation from homocysteine is limited by the induction of the enzyme
cystathionine-B-synthase (CBS) and this pathway is irreversible, unlike the
remethylation branch: thus, the amount of homocysteine entering into trans-
sulfuration cannot be regenerated again. Moreover, cysteine, in addition to
being a protein component, is a semi-essential amino acid belonging to the
thiol-compound pool in the body. Cysteine is a redox-regulating thiol, being the
precursor of many antioxidant species as glutathione; it is a main substrate for
the formation of iron-sulfur clusters, which have been found altered in some
neurodegenerative disease. This amino acid also gives raise to the gasotrans-
mitter H.S, involved in the protection from cardiovascular diseases [144]. Then,
cysteine is also involved the synthesis of coenzyme A, a key intermediate in en-
ergy Krebs cycle, and lipid metabolism, and taurine, an anti-inflammatory and
detoxification compound in the body.

So, trans-sulfuration is a crucial pathway, whose down-regulation or reduction
can provoke not only the accumulation of homocysteine but also the induction
of multiple and severe metabolic impairments of cell and tissue redox systems.
This explanation can also provide further support to those investigations report-
ing lowered plasma/serum thiol dynamics in geriatric depression [95] and in
bipolar disorders [211]. The methionine transmethylation product S-adenosyl-
methionine (SAM) is a main regulator of both the vitamin B12/folate-dependent
remethylation of homocysteine to methionine (methyl donor) and the
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homocysteine transsulfuration (CBS activator) towards cysteine. Thus, it is im-
portant to mention here that diet can influence the metabolic fates of
homocysteine at this level [212]. If diet is low in methionine, this provokes low
SAM levels, overall impacting trans-sulfuration; indeed, remethylation of homo-
cysteine to methionine can also occur through an alternative pathway, involving
betaine and the enzyme betaine-homocysteine methyltransferase [212]. If diet
is rich in methionine, the CBS induction can occur, leading to trans-sulfuration
rather than remethylation [213]. The understanding of hyperhomocysteinemia
in mood disorder patients requires a proper deepening. In fact, high homocys-
teine in blood has been related to an increased risk of cardiovascular diseases,
diabetes, cancer, autism and neurodegeneration, among other illnesses, all of-
ten found in co-morbidity with mood distress. Besides, accumulation of
homocysteine can lead to the toxic compound homocysteine thiolactone
(HCTL), a highly reactive molecule capable of modifying the structural properties
of proteins [212]. Also, limited levels of methionine and pyridoxal vitamin B6
could have contributed to the higher homocysteine levels reported in patients,
but these two molecules were not analyzed herein.

5.3 Other parameters and correlation results

The report of low BUN and higher plasma glucose in our patients would further
indicate a disturbed metabolism in mood disorders. An altered feeding behavior
of patients could also explain this result: this suggests that they would rather
prefer carbohydrate assumption than protein foods, which would potentially
lower the assumption of methionine and reduce trans-sulfuration reactions [212,
213]. Moreover, a tendency towards insulin resistance could be present in mood
disorder patients.

It is also important to discuss some negative results obtained herein as that of
uric acid and WBC. Uric acid is a product of the metabolic breakdown of purine
nucleotides and may also act as a redox species. As underlined in some studies,
uric acid would belong to pathways and networks implicated in the pathogenesis
of different neuropsychiatric disorders including mood disorders [214]. A study
carried out in our department showed that uric acid levels were significantly
higher in patients suffering from a manic/mixed episode, than in those euthymic
or during a depressive phase. Further, these levels were related to the Clinical
Global Impression-Bipolar Version (CGI-BP) scale score for the severity of manic
symptoms. A positive correlation was found also with male sex and with serum
lithium levels: this might explain even the lowest levels of uric acid in the female
patients of the current study [214]. This is also consistent with previous data sup-
porting a possible role of uric acid levels as a specific state-dependent marker of
mania [215-218]. Regarding uric acid, no significant difference was found, unlike
what had been observed in another previous investigation of ours [2]. This may
be attributed to the fact that uric acid has been observed to vary in subjects with
mood disorders depending on the type of episode (manic or depressive rather
than past or present) and based on the clinical characteristics of patients [219].
However, the group under examination is heterogeneous with regard to mood
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disorders (i.e., the various phases), and investigations with larger samples or case
studies comprising less heterogeneous samples would be necessary to obtain
more robust results.

As regards our negative finding concerning WBC, this is also is in conflict with
some previous studies conducted in patients with mood disorders reporting
higher leukocytes in subjects with specific symptoms [220; 221]. The discrep-
ancy between these studies and ours can reside on the different design of the
present study, where patients were not distinguished on the basis of their spe-
cific symptoms, also displaying, as mentioned afore for uric acid results,
heterogenous diagnoses.

Regarding the significant correlations or trends to significant correlations pre-
sented in Table 4, these showed expected relationships between the levels of
vitamin B12, folate, vitamin D and homocysteine, due to the existing metabolic
and nutritional connections of these nutrients and metabolites; moreover, we
revealed links among lipoproteins, glycemia, liver and kidney functions. Some
unexpected correlations were found between metabolic parameters and blood
cell counts, maybe due to peculiar inflammatory states within recruited sub-
jects. It is instead quite surprising that in patients there were no more significant
positive correlations between related parameters as folic acid and vitamin B12,
or between vitamin D and other vitamins, or negative correlations between vit-
amins and homocysteine; meantime, those between liver and kidney functions,
lipid metabolism and uric acid were reported in both patients and control sub-
jects, revealing however slightly different patterns. The fact that vitamins and
homocysteine levels were no more correlated to each other in patients could
be due to the different variability of these parameters in the two groups under
investigation, suggesting also that other factors (e.g., gender, age or other un-
known causes) were affecting the metabolism of these nutrients and
metabolites. In patients, a positive relationship between homocysteine and
blood creatinine was reported. This perhaps suggests that higher levels of ho-
mocysteine would also underlie vulnerabilities to a decreased kidney function
in patients, presumably in male patients. This aspect is important since the re-
lationship between impaired methionine metabolism, reduced homocysteine
metabolism/clearance and kidney function [222], could also reflect altered drug
detoxification pathways, a condition that may also affect drug responses [223].
In controls, we found instead negative correlations between vitamins and BUN
as well as between BUN and lipoproteins, suggesting a different influence of
dietary habits on vitamin availability in the two groups of subjects under inves-
tigation. Interestingly, no effect of age or gender was found on vitamin D levels
in patients, implying that the low content of this important vitamin found in this
group was influenced by other factors, probably more related to their psychiat-
ric diagnoses and severe mental conditions.

In conclusion, this study suggests that patients with mood disorders and a cur-
rent severe episode, can present relevant deficiencies of essential nutrients as
vitamin D and accumulation of potentially toxic substrates as homocysteine.
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Therefore, these results pave the way towards a personalized intervention for
patients’ management, including, beside improved pharmacological treat-
ments, the prescription of specific vitamins and nutritional care.

5.4 Limitations

This cross-sectional investigation presents some limitations. First, the small num-
ber of enrolled subjects and, overall, control subjects. Then, the lack of patients’
information, such as their body mass index, dietary habit, or more details con-
cerning their peculiar symptomatology, as mood episode specifiers. Also, the
heterogeneity of diagnoses included. The extension of this investigation in spe-
cific groups of patients including the measure of other vitamins and cofactors,
such as vitamin B6, antioxidant agents as total thiols, glutathione and others re-
dox species are believed to enable the appraise of new correlations between
metabolic patterns and symptoms, leading to a better characterization of clinical
presentations.
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