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Abstract. Schizophrenia spectrum disorders (SSD) represent a cluster of severe mental illnesses. Vitamins are known toplay a
role invarious aspects of health and disease; however, the exact role of vitamins B,,, Bs and folic acid in the development and pro-
gressionofSSDarenotclear. Thesevitaminsplayaroleinthe one-carbonmetabolismcycle whichishypothesizedtobeinvolvedin
schizophrenia pathogenesis. This review, a sub-analysis of an extensive scoping review on nutritional interventions for preven-
tionortreatmentofmental health symptomsin SSD, aimsto collate the existing research and explore hypothesized mechanisms.
The literature search yielded a number of studies which met criteria for inclusion including two pre-clinical studies, 48 case
reports, 76 cross-sectional studies, 22 experimental studies and seven meta-analyses. Clear associations were found
between low levels of folic acid and vitamin Bs in individuals with SSD as well as possible therapeutic benefit with supple-
mentation of vitamin B,,, Bs and folic acid. Possible mechanisms include compensation for genetic polymorphisms, the ma-
nipulation of homocysteine levels and changes in methylation. Further research is warranted and clinicians may consider

supplemental use of these nutrients as adjunctive therapies.

Introduction

Schizophrenia and associated psychotic disorders affect
approximately 0.7% of the population over their lifetime (van
Os, Kenis & Rutten, 2010). While the exact pathogenesis of
these conditions remains unclear, a variety of factors includ-
ing genetic predisposition, neurotransmitter imbalance and
social factors are known to be involved. There are several
domains of symptoms including positive symptoms such as
delusions and hallucinations, negative symptoms such as
withdrawal and low motivation as well as depression, anxiety
and cognitive symptoms (American Psychiatric Association.
Diagnostic and statistical manual of mental disorders DSM-
5®). American Psychiatric Pub, 2013). In addition to schizo-
phrenia’s impact on functioning, emotional health and quali-
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ty of life, there is also a highly significant increase in physical
illnesses within this population including high rates of obesi-
ty, cardiovascular disease and diabetes resulting in a life-ex-
pectancy that is estimated at 8 to 10 years shorter than the
general population (Gatov, Rosella, Chiu, & Kurdyak, 2017).
While anti-psychotic medications are known to contribute to
the high rates of weight gain and metabolic syndrome, it is
established that derangement of metabolic pathways exists
in anti-psychotic naive patients and thus appears to be relat-
ed to the illness pathology as well (Mehrul, 2016).

With so little known about the exact pathogenesis, and
wide clinical heterogeneity along the schizophrenia spectrum,
many avenues have been explored in search of increased
understanding of the disease and therapeutic options.
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Interest in the role of vitamins in psychosis dates back 50
years. Many mechanisms have been proposed for the role
of vitamins including the role of deficiency, the potential for
increased need in certain populations and modulation of var-
ious biochemical pathways (Hoffer & Prousky, 2008).

One pathway that has been proposed recently to be in-
volved in psychosis is the one-carbon metabolism cycle.
This pathway is important in the creation of the precursors
to DNA as well as the methylation of membrane lipids and
DNA. Methyl groups are transferred between a number of
molecules including homocysteine, S-adenosyl-Methionine
(SAMe) and folic acid. The pathway depends on the availa-
bility of various cofactors including the active forms of vita-
min By, vitamin Bg and folic acid (Frankenburg, 2007).

Vitamin B,, (cobalamin) is a water-soluble nutrient. There
are several causes of By, deficiency. The primary source of
dietary B, is meat which may not be consumed due to per-
sonal choice or financial limitations. Absorption of dietary By,
relies on a complex process and may be hindered by in ade-
quate pancreatic enzymes, lack of intrinsic factor, gastrointes-
tinal disorders and medications. Symptoms of B, deficiency
include fatigue and neurological complaints such as altered
sensation, loss of coordination and weakness; however,
many people with low levels appear asymptomatic (Frank-
enburg, 2007). There is controversy around the ideal blood
levels of By, and as such the exact definition of deficiency or
insufficiency status is unclear (Frankenburg, 2007). B,, defi-
ciency is also known to cause nerve degeneration and demy-
elination which may impact neurotransmission (Shils & Shike,
2006). Vitamin By, exists in several forms, the most important
being methylcobalamin which participates in the activation of
folic acid and the one-carbon metabolism cycle. Other forms,
including cyanocobalamin, a common form used in vitamin
B+, supplements, must be metabolized to the active form in
order to be biologically active (Shils & Shike, 2006).

Folic acid is found in the human diet in a variety of foods
including leafy green vegetables; however, it is sensitive to
heat and can be destroyed during cooking. Various medica-
tions also impact the absorption and storage of folic acid lead-
ing to deficiency. Like vitamin By,, folic acid exists in various
forms. Folic acid is the stable, fully oxidized form of folate.
Conversion to the active form methyltetrahyrofolate (MTHF)
is required for metabolic activity (Shils & Shike, 2006). Folinic
acid is a medication used to treat the side effects of folic acid
reducing medications; it is a modified version of folic acid that
is converted to the active form within the body (Scaglione &
Panzavolta, 2014). The relevance of folic acid in psychotic
disorders may have to do with a genetic polymorphism, ge-
netic variations that affect function. The enzyme methyltet-
rahyrofolate reductase (MTHFR) is coded on chromosome 1
and converts folic acid to the active form, MTHF which par-
ticipates in the one-carbon metabolism cycle. Individuals with
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genetic polymorphisms have reduced activity of this enzyme
and subsequently have increase blood homocysteine levels.
The occurrence of the polymorphisms has been associated
with cardiovascular disease, stroke, congenital abnormalities,
increase risk of cancer and more recently with psychiatric dis-
orders including schizophrenia; however, there are studies
with conflicting results (Frankenburg, 2007).

This paper will review the current evidence, as obtained
through a systematic literature search, for the role of these
vitamins in the pathogenesis and treatment of psychotic dis-
orders as well as reviewing possible mechanisms and pro-
viding recommendations for further research and clinicians.

Methods

The present review is a sub-analysis of a larger scoping
review on the topic of dietary factors in the development and
progression of psychotic disorders. The scoping review fea-
tured an a priori search strategy developed by an experi-
ence medical information specialist which included over 300
search terms. The search was executed in Embase, Embase
Classic and Ovid MEDLINE on January 6, 2017 and updated
on April 15 2018. Eligible studies included original research
on dietary patterns or dietary constituents in patients with
psychotic disorders or animal models of psychosis includ-
ing clinical trials, observational studies, case reports and
meta-analyses. Studies were required to assess a mental
health outcome and not just side effects of medication or
physical health outcomes. Title and abstract screening were
complete in duplicate by two reviewers using Abstrackr, an
online open-source program that facilitates rapid screening
decisions and concurrent tagging of results. Disagreement
was resolved by consensus by the two principle investiga-
tors. Studies that failed to meet inclusion criteria on full text
review were excluded. Data was extracted using a template
and studies were organized by methodology for analysis.

Results

A significant body of evidence exists related to the role
of vitamins B4,, Bs and folic acid in psychosis pathogene-
sis and treatment including a range of study methodologies.
Figures 1 and 2 show the distribution of studies based on
methodology and year of publication. The studies were pri-
marily cross-sectional in design and although the field of
study dates back to the 1950s, the volume of literature has
expanded rapidly in the past 2 decades. For a full list of the
articles included in this review, please see appendix 1.

Cross-Sectional Evidence
Folate: Thirty-four studies found decreased levels of fol-
ic acid in patients with psychotic disorders and four found

decreased intake of dietary folate. Nineteen showed no dif-
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ference when compared to controls or reported that folic acid
levels we within normal limits. Of these studies, 14 assessed
individuals with FEP, 42 assessed participants with chronic
illness and one assessed a combination. One found decreased
levels of the active form of folic acid in cerebrospinal fluid (Ra-
maekers, 2014). The remaining studies assessed folate levels
in either the serum, plasma or red blood cells. Several studies
reported associations between lower levels of folate and higher
severity of negative symptoms (Chen 2014; Song, 2014, Goff,
2004, Tuga, 2011), total psychopathology (Herran, 1999, Song,
2014), depression (Lerner, 2006) and disorganization (Herran,
1999). On study found reduced levels of folate only in partic-
ipants with the MTHFR polymorphism (Roffman 2008). Four
meta-analyses have been completed since 2016 including
2000 to 3700 participants, including separate analyses of FEP
and chronic schizophrenia. All analyses found lower levels of
folic acid in these populations compared to healthy controls.

Vitamin B;,: A number of studies have compared the levels
of blood By, in patients with psychotic disorders to healthy
controls or other patient groups. Twenty studies reported de-
creased levels in the individuals with psychosis. One study
found an increased level of By, in these participants with
psychosis and 23 studies reported no difference between
participants with psychosis and controls. Two meta-analy-
ses published in 2016 and 2017 including the results of more
than 2000 participants reported no difference in B4, levels in
cases compared to controls.

Figure 1. Distribution of Studies Based on Methodology

Meta-analysis
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Vitamin Bg: Eleven cross-sectional studies have compared
blood levels of vitamin Bg in participants with primarily chron-
ic psychotic disorders to control subjects. Nine reported de-
creased levels and two reported no association. A recent
meta-analysis analyzing a total of 2125 patients reported
lower levels of serum Bg in participants with chronic schizo-
phrenia compared to healthy controls (Tomioka, 2018).

Case Reports

Folate: Six case reports have documented low levels of
folate in patients experiencing a first episode of psychosis
and one in a patient with chronic iliness. Six of these report-
ed implementing supplementatal folic acid and five reported
significant improvement or resolution of symptoms; one re-
ported no change with folinic acid supplementation but did
not follow the patient when they discontinued this treatment
and began supplementation with MTHF (Ho, 2010).

Vitamin By,: Thirty-six case reports have documented low
levels of vitamin B4, in patients with psychotic disorders.
These were primarily in individual first episode cases al-
though one reported on 19 multi-episode cases. Thirty-sev-
en case reports document improvement or resolution of psy-
chosis symptoms in response to B, supplementation.

Vitamin Bs: Four case reports, two in FEP, two in chronic
psychosis, reported the results of vitamin Bg supplementa-

Preclinical
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Figure 2. Distribution of Studies Based on Year of Publication

1850-1858

2010-2018

tion. Doses ranged from 100mg to 500mg/day and all stud-
ies reported benefit, including one report of resolution of
symptoms (Brooks, 1983)

Pre-Clinical Studies

Two studies have used folic acid supplementation in an-
imal models of psychosis. One reported improvement in
positive symptoms while the other reported improvement in
negative symptoms and no change in positive symptoms.
Both reported decreased levels of oxidative stress in brain
tissue and subsequently, less damage to brain tissues.

Experimental Studies

Folic Acid: Seven experimental trials studied the effect
of folic acid supplementation in individuals with chronic
psychosis. Six of these reported a benefit in at least one
symptom domain. One reported improvement in cogni-
tive symptoms, three in overall symptoms. Two studies
reported improvement in negative symptoms while two
reported no change. One study showed an improvement
in positive symptoms. Most of the studies used the folic
acid as an adjunctive therapy in addition to medication
and the doses varied quite dramatically, from 0.5mg to
90mg per day.
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Vitamin B,: Two experimental studies from 1955 were locat-
ed which used supplemental vitamin B, in individuals with
chronic psychosis; neither reported an effect.

Folic Acid and Vitamin B;,: Three randomized, controlled
trials used a combination of vitamin B, and folic acid as ad-
junctive therapies in participants with chronic schizophrenia.
The studies were 12-16 weeks in duration involving 22, 42
and 140 participants. All reported positive outcomes includ-
ing total psychosis symptoms, negative symptoms and bio-
logical markers including cortical thickness and fMRI meas-
urements associated with cognitive function.

Vitamin Bs: Ten experimental studies have used supplemen-
tal vitamin Bg in patient with chronic psychosis. Four com-
bined the vitamin with other interventions including zinc (one
study), L-tryptophan (1 study) and the medication L-Dopa
(2 studies) and all used the supplement as an adjunctive
therapy in addition to medication. Nine studies reported
some level of improvement in at least one symptom do-
main including total psychopathology, negative symptoms,
depression and anxiety symptoms and EEG results. The
studies were small with 8 to 40 participants and four utilized
randomization, placebo control and blinding.

All: A meta-analysis combined the results of randomized
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controlled clinical trials using adjunctive vitamin and miner-
al supplements in patients with schizophrenia. When they
pooled the results of 7 studies assessing vitamins By, Bs
and folic acid, a statistically significant benefit over placebo
was observed for total psychopathology symptoms but not
for positive or negative symptoms individually (Firth 2017).

Discussion

While mixed and limited in methodological quality, there
is evidence that vitamins By, Bg and folic acid may be relevant
in the development and progression of psychotic disorders.
The mechanism by which these vitamins may contribute to im-
provements in psychosis are not known but hypotheses exist.

One theory has to do with the one-carbon metabolism
cycle. Homocyestine is a sulfur-containing amino acid that
is part of the cycle. It is converted to methionine in a reac-
tion that requires vitamin Bg. In addition to known associ-
ations between hyperhomocysteinemia and cardiovascular
disease, elevated levels have also been reported in pa-
tients with schizophrenia, with correlations found between
higher levels of homocycteine and worse psychopathology
(Misiak, 2014). The molecule is thought to exert neurotoxic
effects, possibly through stimulation of the N-methyl-D-as-
partate receptor (Frankenburg, 2007). Homocysteine exerts
its detrimental cardiovascular effect through an increase in
oxidative stress (Tyagi, Sedoris, Steed, Ovechkin, Moshal, &
Tygi, 2005). There is a growing body of evidence connecting
elevated brain levels of oxidative stress with the pathophys-
iology of schizophrenia include high levels in post-mortem
brains, elevated SOD and reduced glutathione in the serum
of FEP patients, a variety of pre-clinical data, as well as
proposed mechanisms involving damage to parvalbumin in-
terneurons and myelin (Emiliani, Sedlak, & Sawa, 2014). In
addition to vitamin Be, B4, and folic acid also play roles in this
metabolic pathway and deficiency of any of these vitamins
can lead to elevation in homocysteine.

In addition to the role in one-carbon metabolism, vitamin
B1, and folic acid play a role as methyl donors for many meth-
ylation reactions that take place within the brain. A hypoth-
esis exists that hypomethylation impacts neurotransmitter
synthesis and consequently, psychiatric illness (Milanlioglu,
2011). Vitamin Bg also serves as a cofactor in neurotransmit-
ter synthesis including serotonin and dopamine (Skarupski,
Tangney, Li, Ouyang, Evans, & Morris, 2010).

Deficiencies of any of these vitamins may play a role in
the development of psychopathology. Additionally, variations
in metabolism such as genetic polymorphisms affecting the
activation of folic acid may be involved. The impact of this
reduced enzymatic function seems to be related to a few fac-
tors. The process of converting folic acid (found in food and
many supplements) to L-methylfolate allows for direct pene-
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tration of the blood brain barrier (Wu & Pardridge, 1999). A
study in patients with cardiovascular disease found that sup-
plementing with MTHF resulted in bioavailability seven-fold
higher than folic acid (Willems, Boers, Blom, Aengevaeren,
& Verheugt, 2004). Of the studies included in this review, two
utilized a supplement containing the active form; both report-
ed benefit.

The heterogeneity of the data, including studies showing
benefit or no effect, may be related to some of the above
mechanisms. A number of case reports have reported states
of deficiency and significant benefit from correcting these
deficiencies. Observational data assessing for deficien-
cies in patients with psychosis shows a mixture of results
— some report deficiency, some report no association. It is
possible that deficiency of the studied vitamins is present
in a subpopulation of patients with psychotic disorders and
that when analyses look at average levels within a sample of
patients, the combined results may not reach statistical sig-
nificance. Likewise, experimental studies that provide vita-
min supplements to a heterogeneous group of patients with
psychosis may fail to detect benefit among subpopulations
who are deficient or have unique factors such as deficien-
cies states and genetic polymorphisms or other variations
in metabolism making them potentially more responsive to
these interventions.

Further research in the area of vitamins and psychosis
is warranted. Studies may benefit from testing patients for
deficiency status or genetic polymorphisms in order to better
elucidate the populations most likely to benefit from these
interventions.

Application to the Clinical Management of Patients with
Psychotic Disorders

Clinicians may consider testing patients affected by psy-
chotic disorders for deficiencies in vitamin B,, and folic acid
or measuring homocysteine as a functional marker for ade-
quacy of vitamins By,, Bg and folic acid. Additionally, genetic
testing can assess for polymorphisms in the MTHFR gene
which would indicate a need to supplementation with the ac-
tive form of folic acid.

Based on the results of testing or other clinical signs and
symptoms, clinicians should consider recommending a sup-
plement of one or more of these nutrients as an adjunctive
therapeutic agent. Doses used in experimental studies show-
ing benefit were 400ug of vitamin By, 2-15mg of folic acid and
30-150mg of vitamin Be. Because of the need to activate cer-
tain supplemental forms of these nutrients prior to metabolic
activity, clinicians may consider supplementing with the active
forms of the nutrients: methyltetrahyrofolate, methylcobala-
min and pyridoxal-5-phosphate. As with any intervention, the
financial cost of testing or supplements should be considered
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and the patient monitored for adverse events, although none
were reported in the studies summarized above.

Conclusions

The exact role of vitamins B, Bs and folic acid in the patho-
genesis and treatment of psychotic disorders is not fully
understood; however, there is significant evidence to sug-
gest that there is an association. Attention to the nutritional
status of patients with psychosis is warranted, as is further
research in the form of intervention studies, especially those
that identify sub-populations most likely to benefit.
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