VIIK 616.8-008.64-085.32:577.118
https://doi.org/10.20538/1682-0363-2021-4-171-179

The role of nutrients and probiotics in treatment of depression

Neznanov N.G."?, Rukavishnikov G.V.’, Kasyanov E.D.', Ganzenko M.A.', Leonova L.V.’,
Zhilyaeva T.V.3, Mazo G.E.’

I'V.M. Bekhterev National Medical Research Center for Psychiatry and Neurology
3, Bekhtereva Str., St. Petersburg, 192019, Russian Federation

2LP. Pavlov First Saint-Petersburg State Medical University
6/8, Lva Tolstogo Str., St. Petersburg, 197022, Russian Federation

3 Privolzhsky Research Medical University
10/1, Minina and Pozarskogo Sq., Nizhny Novgorod, 603005, Russian Federation

ABSTRACT

Currently, a growing amount of data is emerging on the role of various environmental factors (nutrients, gut
microbiota, etc.) on formation of depression. The impact on these factors can be effective not only in treatment
of major depressive disorder, but also in its early prevention. Therefore, a more detailed study of environmental
factors in depression can lead both to a better understanding of the etiology and pathogenesis of the disorder and to
optimization of approaches to its treatment. The aim of the review was to assess the potential role of a number of
environmental factors associated with nutritional aspects and characteristics of individual microflora, as well as to
review the prospects of a strategy for affecting these factors in treatment and prevention of depression.
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PE3IOME

B Hacrositiiee BpeMsi MOSIBJISIETCS. BCEe OOJIbIIE CBEICHUI O POJIM PA3JINYHBIX YKOJIOTHYECKUX (PaKTOpOB (0COOEH-
HOCTEH nuTaHus, GakTepuaabHON (JIOpHI YeIoBeKa U pod.) B popMupoBaHuu jgenpeccu. BoselicTBue Ha yka-
3aHHbIE (PAKTOPHI MOXKET ObITH A3PHEKTUBHO HE TOJIBKO B JICYEHHH JICTPECCUBHOTO PACCTPOMCTBA, HO U €r0 paHHEH
npodunakruke. Takum 006pa3om, Gosiee MOAPOOHOE U3YUEHUE POJIU IKOJIOTHIECKHX (PAKTOPOB B (POPMHUPOBAHUH
JIETIPECCUN MOXKET CIIOCOOCTBOBATH KAK JIydIlieMy [TOHMMAHHUIO STHOMATOTeHE3a JAHHOTO 3a00JIeBaHMs, TaK U OIl-
TUMH3AIUH TOJIXOJIOB MO OOPHOE C HUM.

Llens 0630pa: ONEHUTH MOTEHIMATBHYIO POJIb B ()OPMHUPOBAHHUH ACTPECCHH Psi/ia SKOJIOTHUECKUX (haKTOPOB, CBSI-
3aHHBIX C HyTPUTUBHBIMH acIIeKTaMH U OCOOEHHOCTSIMH MUKPO(IIOPHI HHINBHAA, & TAKKE IEPCHEKTUBHOCTD CTpa-
TeTUH BO3EHCTBYS Ha IaHHBIE (DAKTOPHI B JICICHUH U MTPO(UIAKTHKE JETTPECCUBHOTO pacCTPOiiCcTBa.

KuroueBrble ciioBa: nenpeccus, HyTPUSHTBI, BATAMUHBI, IIPOOUOTHKH, MHKPOOHOM, KOJIOTHYECKHEe (aKTOPBI.

KondaukT nunTEepecoB. ABTOPHI JEKIAPUPYIOT OTCYTCTBUE SIBHBIX U MOTEHIMAIBHBIX KOH(INKTOB HHTEPECOB,
CBSI3aHHBIX C MyOIUKanKeil HaCTOSIIEeH CTaThH.

HUcTounuk (l)HHaHCHpOBaHI/IH. ABTOpLI 3asIBJISIIOT 00 OTCYTCTBUU (bPIHaHCI/IpOBaHI/ISI IpyU OPOBEACHUU UCCIIEN0-

BaHUA.

Jas uuruposanus: Heznanos H.I'., Pykasumnukos I'.B., Kacesros E. /., [anzenxko M.A., Jleonosa JI.B., XKus-
esa T.B., Ma3zo I['.D. Ponb HyTpHEHTOB 1 MPOOMOTUYECKUX TIPETIAPATOB B TEPANU JIeIpecCul. broiemens cubup-
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INTRODUCTION

Depression is a chronic mental disorder with com-
plex etiopathogenesis. Numerous biological and en-
vironmental factors are increasing depression risks.
According to the World Health Organization (WHO),
over 264 million people worldwide suffer from de-
pressive disorders, which is associated with high rates
of disability [1].

However, despite the widespread prevalence, clini-
cal diversity, and numerous negative consequences of
depression, most studies on its treatment and preven-
tion are now focused on neurotransmitter disorders.
As a result, not a single drug has appeared in recent
years with a fundamentally new mechanism of action
and significant superiority in terms of therapeutic effi-
cacy. Moreover, about one third of depressed patients
do not respond to standard therapeutic approaches [2].

The search for and correction of new potential risk
factors for depression are not given due attention, al-
though there is more and more information about the
role of various environmental factors (dietary habits,
human gut microbiota, etc.) in the pathology of this
disease [2]. Changes in various nutrients, biologically
active substances, and individual microflora can affect
synthesis of neurotransmitters, a number of metabolic
pathways, and mood regulation [4, 5]. In this regard,
the regulation of these factors can be effective not
only in the treatment of depressive disorders, but also
in their early prevention. Therefore, a more detailed

study on the role of environmental factors in depres-
sion risks can contribute to both a better understand-
ing of the disease etiopathogenesis and optimization
of strategies to oppose it.

The aim of the review was to assess the potential
role of a number of environmental factors associated
with nutritional aspects and characteristics of indivi-
dual microflora, as well as to review the prospects of
a strategy for affecting these factors in treatment and
prevention of depression.

Rationale for nutrient augmentation of antidepressant
therapy

Nutritional factors, microbiota and mental func-
tions of an individual (including mood regulation) are
in a complex, close relation with one other. Thus, bio-
logically active substances and nutrients are processed
by the gut microbiota and are able to affect regulation
of hormonal, neurotransmitter, and signaling path-
ways of both the gastrointestinal tract (GIT) and the
central nervous system (CNS) [4]. There are literature
data that unhealthy diet in terms of a nutrient content
significantly increased the risk of depression [2]. The
most detailed information in the scientific literature
on these issues is presented about vitamins (folates,
vitamin D) and polyunsaturated fatty acids (PUFAs).

FOLATE USE IN THE TREATMENT OF
DEPRESSION

Folate (vitamin B9) is a collective term for a class
of compounds belonging to the group of water-sol-
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uble vitamins [5]. This class of compounds plays an
important role in one-carbon metabolism (OCM), in-
cluding pathways for the biosynthesis of key amino-
and nucleic acids. Folate deficiency is associated with
a number of cardiovascular problems, neurological
disorders, and diseases of the blood and reproductive
system. Insufficient folate intake is often reported in
populations where the intake of green vegetables and
fresh fruits is reduced. Other foods rich in folates are
legumes, grains, eggs, and liver.

Dietary folate intake is strongly associated with
blood homocysteine levels [6]. In the case of hyperho-
mocysteinemia, folate supplementation corrects this
condition, which has been confirmed by a number of
studies [6]. In studies of patients with cardiovascular
disease (CVD) and high homocysteine levels, folic
acid treatment significantly reduced homocysteine
levels, while the administration of B6 and B12 did not
have a similar effect [7]. Furthermore, patients with
CVD and low folate levels have an increased risk of
depression [8].

Several forms of folate were used in depression
treatment studies. 5-MTHF — 5-methyltetrahydrofo-
late (metafolin, methylfolate) is a biologically active
form of folate. This compound is the closest to the
natural food form of folates, which easily penetrates
into the central nervous system (unlike synthetic folic
acid), does not require preliminary transformation in
the liver with dihydrofolate reductase, and is imme-
diately incorporated into the folate metabolism cycle.
Moreover, its further biochemical metabolism (in
particular, the delivery of methyl groups to the homo-
cysteine — methionine cycle) does not depend on the
genetic polymorphism MTHFR677C> T [5]. In most
of the studies on the effect of folate on mood, it was
5-MTHEF that was studied.

On the other hand, synthetic folic acid is much
more widely studied in obstetrics, and its chemical
stability makes it possible to use this particular form
of folate as food fortification in several countries
(USA, Canada, Brazil, Australia). In this regard, a
huge amount of observational information has been
accumulated on this folate form [5-7]. It was noted
that food fortification with folates decreases the preva-
lence of depressive symptoms in the population. In
men, this is mediated by an increase in plasma folate
levels, while in women, this effect is not observed [5].

The effectiveness of several different forms of fo-
late at different doses and in different categories of
patients has been studied in association with depres-
sion. At the same time, studies with the addition of fo-

late to antidepressant therapy are more numerous and
rigorous in design, in contrast to studies of indepen-
dent folate therapy. In a randomized, placebo-con-
trolled study, the group of women who received the
antidepressant fluoxetine (20 mg) along with folic
acid (500 mcg / day) had 94% of responders, while
the group receiving fluoxetine with placebo had only
61% of responders (p < 0.005). In men in this study,
the difference in the effectiveness between the groups
was less significant, also a less significant decrease
in homocysteine levels was observed compared with
women. This, according to the authors of the study,
indicates the need for large doses of folate in men.
At the same time, to select the optimal doses, further
studies of folate administration in combination with
other antidepressants are required [6].

In another study with the same design (n = 27),
where the dose of folic acid was 10 mg / day, in the
group of patients receiving folate with fluoxetine (20
mg) after 6 weeks of treatment, the average score on
the Hamilton Depression Rating Scale (HDRS) was
significantly lower than in the placebo group receiving
only fluoxetine [7].

L-methylfolate has also shown beneficial effects
as adjuvant therapy in addition to traditional antide-
pressants [6]. In a double-blind, placebo-controlled
study, standard psychotropic therapy in patients with
depression and schizophrenia was successfully sup-
plemented with methylfolate (15 mg) for 6 months. At
the same time, clinical and social recovery was signifi-
cantly accelerated compared with placebo, and, over
time, the differences with the placebo group increased
(n=123) [5].

G.I. Papakostas et al. (2014) showed in a clinical
study that L-methylfolate (15 mg / day), in addition to
therapy in patients (n = 75) initially resistant to antide-
pressants belonging to selective serotonin reuptake in-
hibitors (SSRIs) contributed to overcoming therapeu-
tic resistance. In this regard, the authors conclude that
L-methylfolate at a dose of 15 mg / day can be consi-
dered an effective, safe, AND relatively well-tolerated
agent for overcoming a partial response or a lack of re-
sponse when using SSRIs in patients with depressive
disorders [9]. In the extended 12-month open phase
of this study, there were also positive results (n = 68)
on sustained remission in patients receiving 15 mg of
L-methylfolate a day [9].

Another biologically active form of folate, folinic
acid (leucovorin, unlike folic acid, does not require
conversion by dihydrofolate reductase in the liver),
when additionally prescribed to patients with depres-
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sive disorder who are resistant to SSRIs, has shown
itself as a poorly effective remedy (the level of folate
in patients in this study was initially normal) [2].

Based on a systematic review and meta-analysis
of 3 randomized, controlled studies, it was conclu-
ded that folate may play a potential role as an adjunct
to basic therapy for depression and cannot be used as
stand-alone treatment [5, 6]. At the same time, there
are suggestions that the addition of folate to antide-
pressant therapy may be useful for patients with de-
pression, regardless of their initial folate status, as well
as regardless of the presence / absence of a response
to antidepressant therapy [2]. M. Fava et al. concluded
that folates are effective and safe in some patients with
depressive disorders, but more information is needed
on the dosage and patient populations most suitable
for folate therapy [6].

A number of researchers draw attention to the
need for further long-term research (from 6 months
to a year), because the effect of folate administration
is slow and builds up over several months. Low doses
for a long time are more preferable than high doses for
short or even long term [6]. Large doses of folate can
be dangerous for the nervous system in terms of an-
tagonism with vitamin B12 and its deficiency, as well
as in terms of provoking seizures. Moreover, it was
shown that folic acid at a dose of more than 5 mg / day
can cause agitation, hyperactivity, and insomnia and
provoke hypomanic states in the case of a predisposi-
tion [5—7]. At the same time, there is evidence that un-
metabolized folic acid (when prescribed in exceeded
doses) can inhibit further folate metabolism and lead
to aggravation of OCM disorders [5—7].

THE USE OF VITAMIN D IN THE TREATMENT
OF DEPRESSION

Vitamin D is another important vitamin in the risk
of depression and its therapy. It is obtained from food
in the form of vitamin D2 (vegetables, mushrooms)
and vitamin D3 (meat, fish, eggs) [10]. Despite this,
very few foods are rich in vitamin D. The highest vita-
min D content is found in animal products in the form
of vitamin D3 in oily fish, egg yolks, meat, liver, and
kidneys. Another important environmental factor in
the synthesis of vitamin D by the body is sufficient
ultraviolet (UV) exposure of the skin.

While the role of vitamin D in calcium homeo-
stasis and the maintenance of bone metabolism has
been studied well enough, its effect on the structure
of the central nervous system still raises many ques-
tions. Vitamin D receptors are widely presented in the

brain structures which are responsible for affective
disorders, which suggests the role of vitamin D in the
mechanisms of depression [11-13]. Another impor-
tant aspect was identification of frequent decreases in
vitamin D levels in cases of seasonal affective disor-
der with depressive episodes in winter [13]. However,
in subsequent randomized controlled trials, no unam-
biguous information was obtained on either a natural
decrease in vitamin D in depression, or its effective-
ness in the treatment of depressive disorder.

In the Iranian study, the use of vitamin D (oral vi-
tamin D3 at a dose of 50,000 IU every two weeks) for
8 weeks in 76 patients with postpartum depression and
decreased levels of 25[OH]D (less than 75 nmol /1) led
to improvement of depressive symptoms and norma-
lization of vitamin levels in the blood [14]. Therapy ef-
fectiveness was evaluated in three subgroups: vitamin
D in combination with calcium supplements; vitamin
D in combination with a placebo instead of calcium
supplements; the placebo group alone. The Edinburgh
Depression Scale (EDS) was used to assess the sever-
ity of depression. A decrease in the severity of depres-
sion was noted for both subgroups where vitamin D
was used regardless of calcium augmentation. At the
same time, a large-scale study on the use of vitamin
D3 (400 IU / day) and calcium carbonate (1,000 mg
/ day) among 36,282 postmenopausal women did not
reveal significant reduction of the risk of depression
during therapy [15].

A meta-analysis by U. Gowda et al. did not reveal
any positive changes in depression symptoms when
using vitamin D either as monotherapy or in combina-
tion with antidepressants and other drugs [16].

THE USE OF OMEGA-3 POLYUNSATURATED
FATTY ACIDS IN THE TREATMENT
OF DEPRESSION

For a long time, polyunsaturated fatty acids (PU-
FAs) have been studied primarily in the context of
their use for prevention of cardiovascular diseases.
However, there is a growing amount of data on their
role in mood regulation [17]. There are 4 classes PU-
FAs: o3, 6, ®7, and 9 (this division into classes is
based on the chemical structure — the position of the
first double bond in relation to the carbon of the ter-
minal methyl group) [17]. The most important PUFAs
for the body are ®3 and w6 [17].

The main representative of the w6 class is arachi-
donic acid (AA) [17]. It enters the body with food
(vegetable oils, the largest amount is found in flax-
seed oil) and is partially synthesized by the body,
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which ensures its constant presence in the human
body [17]. Such ®3 PUFAs as eicosapentaenoic acid
(EPA) and docosahexaenoic acid (DHA) enter the
body only with food, their main source is fatty marine
fish species [11, 17].

Potential mechanisms are currently being explored
that could determine the antidepressant activity of @3
PUFA. In the last decade, the results of many exper-
imental studies indicated that ®3 PUFAs have a sig-
nificant effect on inflammation, expression of apop-
tosis-related genes, oxidative stress, neurotrophic
functions, and neurotransmitter systems [18]. EPA
plays the most significant role in the anti-inflammato-
ry activity of ®3 PUFA. Clinical studies show that the
use of EPA in comparison with placebo and DHA is
more effective in a group of patients with biochemical
markers of inflammation (elevated C-reactive protein
(CRP)) [18].

Various studies have used fatty acids both as
monotherapy and as an adjunct to standard antidepres-
sant therapy. Different doses (from 1 to 6 g/ day) and
different duration of treatment (from several weeks
to months) were used. Various sources of fatty acids
have been studied: both pure eicosapentaenoic and
docosahexaenoic fatty acids in combination or their
isolated use, also fish oil and fatty acids obtained from
plant seeds. However, dietary information was not an-
alyzed in most studies [11, 17].

The results of studies on the effectiveness of ®3
PUFAs have yielded ambiguous conclusions. At the
initial stage in the research of this problem, very en-
couraging results were obtained. A positive effect was
registered both for ®3 PUFA monotherapy and for
methods of augmenting the antidepressant effect [19].
Furthermore, it was noted that the use of ®3 PUFA
significantly reduced the risk of depression recur-
rence [20]. However, these studies were conducted in
small cohorts without regard to the dose ratio of EPA
and DHA. Subsequently, it was shown that therapeu-
tic efficacy was revealed when using drugs containing
high doses of EPA and low doses of DHA (2-4: 1
ratio or more), while the opposite combination (high
doses of DHA and low doses of EPA) was not thera-
peutically effective in depression [20]. This result was
confirmed by the meta-analysis, which showed that
®3 PUFA preparations containing at least 60% EPA
were effective in the treatment of depression and may
be used for treatment of comorbid somatic symptom
disorders [21].

Studies have been conducted on the use of prepa-
rations containing only EPA. EPA monotherapy at a

dose of 1 g/ day for 8 weeks in patients with depres-
sive disorders did not significantly reduce depressive
symptoms as measured by the HDRS [19]. At the
same time, the use of large doses of the drug (1.2—4 g
per day) was significantly more effective [19]. How-
ever, in this study, EPA was used in conjunction with
an antidepressant. The use of DHA in isolation at a
dose of 2 g/ day for 6 weeks had no significant effect
on depressive symptoms [19].

Currently, on the basis of meta-reviews, it can be
assumed that PUFAs can be considered as an effective
method for augmentation of antidepressants. Drugs
containing both EPA and DHA should be used, be-
cause these compounds are likely to have a synergistic
effect on depressive symptoms. The effect of PUFAs
on the lipid spectrum is of special interest, which is
widely used in patients with depression in cases of
metabolic syndrome associated with antidepressant
therapy, eating disorders, and high consumption of
high-calorie foods containing a large amount of ani-
mal fats [11].

THE USE OF ANTI- AND PROBIOTICS
IN THE TREATMENT OF DEPRESSION

The study of microbiota-modifying therapeu-
tic approaches is associated with obtaining both
experimental and clinical data on the role of the mi-
crobiota — gut — brain axis in depression [22, 23]. This
axis is mediated by bidirectional communication be-
tween the brain and the microbiota, which modulates
immune and endocrine functions [24, 25]. The com-
position of the microbiota is associated with age, envi-
ronmental factors, and dietary habits [22, 25].

In microbiome studies, the microbiota-depleting
effects of antibiotics are used to study the effect of
reduced microbial diversity on behavior [25]. Recent
studies have identified links between frequent anti-
biotic exposure, especially during development, and
many serious diseases, such as autoimmune patho-
logy and mental health problems [26]. However, the
use of antibiotics in experimental studies presents a
number of problems. Antibiotics usually affect the
body and its microbiome (or the transplanted micro-
biota) in three ways: depletion of the resident micro-
biota, subsequent enrichment of the antibiotic-resis-
tant microbiota, and impact on the corresponding host
tissues [27]. The effect of antibiotics on the host tis-
sues is especially important when studying the central
nervous system and behavior, since some antibiotics
themselves can be neuroprotective or neurotoxic [28].
This can be seen as a limitation in behavioral research
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using antibiotics to alter the composition of the mi-
crobiome.

Minocycline is an antibiotic of the tetracycline
class. The pleiotropic activity of this drug, including
anti-inflammatory, antioxidant, anti-apoptotic, an-
ti-glutamatergic and monoaminergic effects, is widely
discussed in the scientific literature [29]. In this re-
gard, interest in the use of minocycline has expanded
significantly, and it is considered as a potential candi-
date for treatment of affective disorders, both bipolar
and unipolar ones. Currently, clinical trials of minocy-
cline as monotherapy are underway [29].

Probiotics have been extensively studied in
non-psychiatric populations and associated with im-
proved gastrointestinal health, reduced inflammation,
and temporary improvements in cognitive perfor-
mance [30]. Diseases of the nervous system are al-
ready being considered a completely new area of pro-
biotics application [26].

Currently, lactobacilli and bifidobacteria in the
center of the probiotic market. They are widely used
for correction and prevention of various pathologi-
cal conditions (bacterial vaginosis, irritable bow-
el syndrome (IBS), diarrhea, obesity, allergies,
urolithiasis).

Probiotics that can affect the severity of mental dis-
orders are currently considered as psychobiotics [31].
The first study to evaluate the therapeutic efficacy of
prebiotics or probiotics for depression was conducted
over a decade ago, but about half of all existing stud-
ies were published in just the past two years, reflec-
ting the rapidly growing interest in this area [32]. Most
of the hypotheses associated with the potential thera-
peutic effect of psychobiotics on affective disorders
are based on experimental animal models, behavioral
tests, and neurophysiological indicators after courses
of probiotics and prebiotics [32], as well as changes in
the level of stress hormones, monoamines, and GABA
receptors in the brain [32, 33].

While research on the use of probiotics for mental
disorders is promising, there are conflicting reports on
their effectiveness as augmenting agents [33]. Nume-
rous studies have examined the effects of probiotics
on mood in both healthy individuals and patients diag-
nosed with depression. Recent meta-analysis of data
mostly confirms the positive effects of certain probi-
otics on mood [33]. Based on the results obtained, it
is suggested that probiotics affect mood only in de-
pressed patients and do not have an antidepressant
effect in healthy individuals. Moreover, the antide-
pressant effects of probiotics are likely to be limited to

young adults and do not appear in those over 65 years
of age [32].

The study on the prospects of probiotic use in de-
pressed patients has several limitations. This is primar-
ily due to different doses and duration of drug admin-
istration, which makes it difficult to compare studies.
A similar problem is research of various species and
strains of bacteria. Probiotics, which are likely to have
an antidepressant effect, mainly belong to the Bifido-
bacterium and Lactobacillus genera. These genera
contain many different species and strains, and their
properties cannot be generalized [34]. For example,
Lactobacillus rhamnosus (strain JB-1) did not affect
mood or anxiety levels in healthy men, while Lactoba-
cillus casei (strain Shirota) demonstrated the ability to
improve mood in healthy volunteers with low baseline
mood scores [35].

Probiotic bacteria can affect the body through var-
ious mechanisms that can be specific for the strain
(e.g., lactic acid bacteria) or widespread among a va-
riety of strains, including normalization of disturbed
microbiota, inhibition of potential pathogens, produc-
tion of beneficial metabolites or enzymes, and immu-
nomodulation [32, 34]. However, the results of clini-
cal studies are not convincing. There is very limited
evidence for the effectiveness of probiotic or prebiot-
ic interventions in altering microbial composition in
mental disorders [36]. Conversely, probiotics led to
changes in the microbial composition, but without af-
fecting mood symptoms [37].

DISCUSSION AND CONSLUSION

Recent treatment strategies for depression consid-
er the use of antidepressants as the first-choice tactic
[11]. Despite market expansion for these drugs with
the emergence of a new generation of antidepressants,
including drugs with multi-receptor activity, there is
no much progress in their efficiency — only 50% of
patients manage to achieve stable remissions [11].
The side effects of antidepressants significantly af-
fect treatment and reduce adherence to therapy [11].
Today, augmentation (enhancing the activity of anti-
depressants with the use of drugs that do not belong
to the group of thymoanaleptics) is the main direction
that is widely studied and used for treatment-resistant
depressive conditions [11]. For this purpose, psycho-
tropic drugs (antipsychotics, lithium salts, anticonvul-
sants) and hormonal drugs are used. However, the use
of this approach increases the number of side effects
due to both side effects of additional drugs and drug
combinations.
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Despite different mechanisms of functioning of
various biologically active compounds, nutrients, and
their interaction with microflora in the body, in most
cases the key question remains, whether it is advi-
sable to use these compounds in all patients or only
in those who initially have their deficiency. Potential
limitations in the therapeutic use of these compounds
indicate difficulties in determining a deficiency of a
particular nutrient in various populations [2, 3]. As a
rule, in the population of developed countries, chan-
ges in such parameters are not clinically visible, which
makes it difficult to diagnose them and determine their
relationship with depression. At the same time, with
regard to probiotics, it is noted that individuals with
different genetic predisposition and variable contacts
with microorganisms can react differently to identical
drugs [4].

The need for further randomized studies to deter-
mine the efficiency, which will consider the difference
in effect by subgroups, sex, presence / absence of defi-
ciency, and other factors, is indicated for folates [5, 6],
vitamin D [10, 12, 14], and fatty acids [17, 19]. For all
these compounds, the study of approaches to therapy
is carried out on a wide population of patients with de-
pressive disorders, therefore, the effectiveness may be
questionable not due to insufficient effect, but due to
the phenomenological and biological heterogeneity of
the samples and the absence of clearly defined control
criteria (laboratory parameters).

Another promising direction in the context of this
strategy is the study of not only individual isolated
nutrients, but also complexes of dietary patterns in ge-
neral [38]. Such an approach can help to establish the
role of the mutual impact of various nutritional com-
ponents on depression, as well as their interaction in
the context of a number of body characteristics (such
as the composition of gut microbiota). Moreover,
modification of the entire diet may be a more effective
and physiological method of preventing depressive
disorder than correcting individual nutrients.

Therefore, even now, the use of nutrients and pro-
biotics can be seen as a paradigm shift in the treat-
ment of treatment resistant depression. At the same
time, it is important to select a specific drug for
augmentation based on laboratory screening, which
makes it possible to apply a personalized approach
to therapy.
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