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Introduction

Folate is a member of the vitamin B family, essential for pro-
duction and mainteinance of homocysyeine at non-toxic levels 
in new cells, as well as for nucleotide and neurotransmitter syn-
thesis, DNA and histone methylation reactions, myelin synthesis 
[1]. From a biochemical point of view, dietary folic acid is me-
tabolized to tetrahydrofolate that is activated in one-carbon unit 
to 10-formyltetrahydrofolate, 5,10-methylenetetrahydrofolate, 
and 5-methyltetrahydrofolate that, in turn, supports a biosyn-
thetic pathway for the synthesis of purines and thymidylate and 
the remethylation of Homocysteine (HC) to methionine. Syn-
thesis of methionine requires 5-Methyltetrahydrofolate (MTHF) 
and vitamin B12. Folic acid is converted to dihydrofolate and 
then tetrahydrofolate by dihydrofolate reductase, that is de-
pendent on NADPH [2].

The potential of folic acid in psychiatric disorders is largely 
known and folate has been found that to be safe, with no risks 
for adverse effects [2]. In addiction, blood folate levels can be 
easily assessed. A correct maternal folate status is essential for 
brain development and functioning of offspring. Particularly, 
animal models show morphological, physiological, and genetic 
alterations in offspring as a consequence of prenatal or postna-
tal exposure to irregular levels of folate. Human studies indicate 
a positive correlation between sufficient maternal folate status 
and offspring cognitive function [3].

The importance of a regular folate intake during pregnancy 
even for mother’s mental health emerged from a recent work. 
The authors reported a possible link between Methyltetrahy-
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drofolate Reductase (MTHFR) C677T mutation C677T mutation 
and post-partum psychopathology including psychosis, bipolar 
and unipolar disorders, thus suggesting that that these variants 
may influence. Interestingly, this mutation is known to be impli-
cated in psicotic disturbances, bipolar and unipolar disorders, 
folate level and symptoms of postpartum psychopathology, and 
suggesting that these variants may influence folate metabolism 
and be implicated in depression during pregnancy [4].

Cerebral Folate Deficiency (CFD) in adults is relatively com-
mon. A study examining clinical and radiological aspects of pa-
tients with CFD before and after folinic acid supplementation 
highlighted the importance of CSF 5MTHF dosage in patients 
with mitochondrial diseases, primary brain calcifications and 
unexplained complex neurological disorders [5].

Folate deficiency is reported in different neuropsychitric dis-
eases [6,7]. A meta-analysis of randomized controlled trials ex-
amined the efficacy and safety of adjunctive folate for schizof-
renia, bipolar disorder and major depressive disorder. It has 
emerged that for schizophrenia adjunctive folate is not superior 
to placebo in terms of total psychopatology, while for bipolar 
and unipolar depression it is superior to placebo in the acute 
phase of mania but not in improving depressive symptoms [6]. 

In line with the relevance of folate in neuropsychiatric dis-
orders, the role of levomefolic acid or 5-methylfolate acid 
supplementation has been analysed, especially as an adjunct 
pharmacotherapy, in improving some clinical variables. The au-
thors pointed out significant effect of this supplementation not 
only for schizophrenia and mood disoders, but also for autism 
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spectrum disorder and attention-deficit hyperactivity disorder 
(ADHD), with minimal side effects [7]. Moreover, the impor-
tance of folic acid for the prevention of Alzheimer Disease (AD) 
is largely reported. Polymorphisms in MTHFR [8,9] as well as 
folic acid deficiency [10,11] and subsequent alterations in folate 
pathways [12,16,17] can be associated with cognitive distur-
bances. Meantime, folic acid supplementation has been proven 
beneficial in people with cognitive impairment [10,18], even in 
haemodialysis [16]. Therefore, given the frequent assessment 
of blood folate levels, the aim of the present review is to analyse 
literature on the possible relationships between folic acid blood 
levels and some neuropsychiatric disorders and to comment on 
the possible therapeutic role of this vitamin supplementation.

Materials and methods

Search strategy: According to the Preferred Reporting Items 
for Systematic Reviews and Meta-Analyses (PRISMA) guide-
lines, we manually searched eligible literature for this system-
atic review. We carried out this work through PubMed from 
2018 to 2022 with the following search items: 1) folic acid and 
neuropsychiatric disorders; 2) folic acid and autism spectrum 
disorders; 3) folic acid and obsessive-compulsive disorder. Fur-
thermore, we manually added other articles to the selection by 
screening the bibliographies of the eligible articles.

Selection criteria

Inclusion criteria: Articles were included if written in english 
and they satisfied one of the following study designs: clinical 
study, clinical trial, comparative study, controlled clinical trial, 
multicenter study, observational study, randomized controlled 
trial, systematic review, and meta- analysis. We also decided to 
include studies carried out in animal models. 

Data extraction: Data were abstracted using a predefined 
data extraction form: first author, publication year, study de-
sign, sample size, basic information of participants (gender, 
age), diagnosis, criteria for the assessment of the mood disor-
ders, specific biomarker alterations.

Results

Folic acid and cognitive disorders: Three studies have 
investigated MTHFR genes polymorphisms in animal models. 
One of them showed that polymorphisms in the 5,10 
MethyleneTetrahydrofolate Reductase (MTHFR) genes are 
associated with high risk for developing late-onset AD by 
affecting the Amyloid-β Protein Precursor (AβPP), a protein 
with a crucial role in neurodegenerative disease [7]. Particularly, 
MTHFR knockout mice present increased cortical and 
hippocampal AβPP phosphorylation at the regulatory Thr668 
site, that, in turn, enhances accumulation of demethylated 
protein phosphatase 2 (PP2A) and glycogen synthase kinase 
3β(GSK-3β). All these mechanisms contribute to alter neuronal 
homeostasis, thus highlighting a possible linking between 
dietary folate deficiency and risk of sporadic AD [7]. A MTHFR 
polymorphism thought to be implicated in the late onset AD 
is the MTHFR 667 C>T polymorphism.Two groups of mice, wild 
type and Mthfr (a model for the MTHFR 667C>T polymorphism) 
were fed control or folate-deficient diets from weaning until 8 
and 10 months of age. Those with Mthfr +/-genotype presented 
altered transcriptional levels of synaptic markers and epigenetic 
enzymes, reduced levels of S-adenosylmethionine and 
acetylcholine, thus suggesting how genetic and dietary folate 
metabolic disturbances increase risk for cognitive decline [8].

Folate seems to play a role in preventing senescence through 
alleviation of telomere attrition. Senescente-Accelerated Mice 
Prone 8 (SAMP8) were divided into 4 experimental groups: FA-
deficient diet group (FA-D group), FA-normal diet group (FA-N 
group), low FA-supplemented diet (FA-L) and high FA-supple-
mented diet (FA-H) group. There was also a Senescent-Accel-
erated Mouse Resistant (SAMR1) control group (Con-R) and a 
young SAMP8 control group (Con-Y). It was found that FA sup-
plementation delayed age-related cognitive decline and neu-
rodegeneration in SAMP8 mice thanks to alleviated telomere 
attrition and in turn, to lower levels of reactive oxygen species 
[15]. 

Moreover, chronic folate deficiency has been shown to in-
duce lipid and glucose metabolism disorders in murine models. 
The authors enrolled seven-week-old mice which were fed with 
either a Chronic Folate Deficiency (CFD) and a control diet for 
25 days. Except from glucose intolerance and increased triglyc-
eride levels, after 24-week diet treatment, CFD induced anxiety-
related activities and impairment of spatial learning and memo-
ry performance, thus highlighting the relationship between CFD 
and cognitive deficits [10].

Five studies examined effects of folate on neurocognitive 
problems in humans. Another biochemical mechanism 
implicated in folate good effects in cognitive functions is the 
increase of Hcy. A recent review [14] showed that folic acid 
could improve cognitive functions by decreasing Hcy, vascular 
care, attenuating inflammatory status, modificating folic acid 
deficiency and facilitating antioxidant responses. The authors’s 
conclusion was that peolple with high levels of Hcy have a better 
response to folic acid supplementation in terms of improvement 
of cognitive functions [14]. Starting from the known relevance 
of Aβ deregulation in cognitive impairment, the combination 
of folic acid and Docosahexaenoic Acid (DHA) was proved 
useful in mild cognitive impaired patients. Infact, DHA and folic 
acid supplementation effect in improving cognitive functions 
has recently been related to reduction of blood Aβ-related 
biomarkers in patients with Mild Cognitive Impairment (MCI) 
[17]. 

A study, analysing relationship between folate levels and 
cognitive impairment among individuals with vitamin B12 de-
ficiency, found that the association between low intake of vita-
min B12 and folate and cognitive diseases could be mediated 
by elevation of homocystein and homocysteic acid. Infact, these 
molcecules have a neurotoxic effect and the consequence of 
their increase may be irreversible cognitive impairment [13]. 
Another molecular mechanism implicated in cognitive effects of 
folate deficiency is the deregulation of mitochondrial function. 
A case-controlled studied investigated serum folate metabolites 
and mitochondrial function function in peripheral blood cells of 
82 AD cases and the same number of controls, matched by age, 
gender, and education. AD patients presented lower reduced 
mitochondrial DNA (mtDNA) copy number, higher mtDNA de-
letions and increased 8-hydroxy-2-deoxyguanosine(8-OHdG) 
content in mtDNA. From the other side, the authors found that 
the highest level of mtDNA copy number was associated with 
a reduction in AD risk, independently of serum folate and Hcy 
levels. Overall, these results pointed out lower mitochondrial 
function in peripheral blood cells of AD patients with a folate 
deficiency [12]. Intriguingly, usefulness of folate supplementa-
tion has been proved even in haemodialysised patients with 
congitive problems [16].
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FA in Autism Spectrum Disease (ASD) and Attention-Deficit 
Hyperactivity Disorder (ADHD): Nine studies included in our 
work reported a positive correlation between prenatal mater-
nal folate levels and ASD risk in the offspring [18-26] three of 
them a negative correlation [27,36,37] and five ones failed to 
report a significant correlation [28-30,33-35].

Two studies reported significant correlation in animal mod-
els [19,25]. The first one focused on periconceptional folate de-
ficiency in murine model of Wistar rat’s offspring. Female rats 
were divided in two groups: control (with a basal diet) or ex-
posed during one month before breeding until gestational day 
15 to a modified diet with no added folic acid, reduced choline 
and added 1% SST (a non-absorbable antibiotic used to inhibit 
folate synthesis by gut bacteria). It was found out that offsprings 
with periconceptional deficit in folate presented congenital 
body malformations, reduced social interactions, increased 
anxiety, repetitive behaviors compared to controls. These re-
sults support the linking between maternal periconceptional 
deficit in folate and autistic-like phenotype [19].

A study carried out in rat moldels highligthed that mater-
nal FA supplementation at high doses can prevent growth and 
development delay as well as deficits in social communication 
and repetitive behaviors probably thanks to an increase in den-
dritic spine density and a downregulation of inhibitory ones. 
The author’s conclusion was that this vitam supplementation 
may play a key role in preventing ASD [25]. Six studies made 
on human models reported interesting findings on the role of 
maternal folic acid supplementation in the pre-conception pe-
riod and beginning of pregnancy as a protective effect in ASD. 
[18,20,26,31,24,31]. A work carried out in mothers who used FA 
in the 6 weeks before and after conception showed protective 
effect of folic acid supplementation in these mothers compared 
to those who hadn’t used it. From the other side, it was seen 
that an excess of FA may result in an increased risk of ASD [18]. 
Some authors focused on the effects of vitamins in general in 
reducing ASD risk in siblings of children with ASD in high-risk 
families and found that maternal prenatal vitamin intake during 
the first month of pregnancy can reduce ASD recurrence [20]. 

In line with these findings, 416 ASD children and 201 typi-
cally developed controls were analysed for laboratory meas-
ures, such as vitamin A(VA), D(VD), B12(VB12), folate and 
ferritine. ASD children’s mothers presented lower levels of 
maternal folic acid or micronutrient supplementation during 
pregnancy. Moreover, these children had more social cognition 
and communication impairment, autism behavioural manner-
isms as well as more severe gastrointestinal symptoms than 
children whose mothers received regular supplements [26]. A 
recent systematic review examined the correlation between 
maternal prenatal folic acid supplementation and ASD in the 
offspring. Globally, it was pointed out that the consumption of 
a daily amount of at least 400 micrograms of folic acid from di-
etary sources and supplements was associated with a reduced 
risk of ASD in the offspring compared to a control group that 
didn’t receive this supplementation [24]. Overall, a review and 
meta-analysis found that even though previous literature sug-
gests that periconceptional use of folic acid is associated with 
reduced ASD risk [21-23], the global reduction in ASD risk was 
about the 58%, whereas no effect was registered on mental and 
motor development [31].

However, five studies failed to find an association between 
folic acid prenatal levels and ASD risk [28-30,32,34]. From the 
other side, three works reported negative association between 

maternal folate levels and ASD risk. In the first one, a group of 
1257 mother-child pairs were enrolled and had their maternal 
plasma folate and B12 levels measured 2-3 days after child birth. 
It was seen that very high levels of maternal plasma folate at 
birth (>60, 3 nmol/L) were associated with 2,5 times increased 
risk of ASD [27]. Similar findings were highlighted by the sec-
ond study. The authors collected samples from 100 women 
with ASD offspring and from 100 control women with typically 
developing children. Concentrations of metabolic biomarkers 
were determined, including amino-acids, vitamins, biomark-
ers related to folate, lifestyle factors and PCR. Weak evidence 
emerged for a positive association between higher maternal 
serum concentrations of folate and occurrence of ASD. Internal 
biochemical relations between the biomarkers were confirmed. 
It was concluded that high maternal serum folate status during 
early pregnancy could be associated with occurrence of ASD in 
the offspring [35]. It was proposed a particular interpretation of 
this eventual increased risk of ASD in case of high-dose gesta-
tional folic acid. Starting from the hypothesis that ASD children 
are more likely to be the first or second born, and that women 
tend to consume higher levels of folate during their first or sec-
ond pregnancy, the linking between higher doses of folic acid 
and ASD could be influenced by this bith order bias[36].

Impairmeint of folate patways in ASD and ADHD may be 
due to genetic causes [24,38,40,43,57], and autoimmunitary 
aspects [41,42]. Moreover, a folic acid deficiency was associated 
with neural [5] and oro-facial defects [39]. Starting from the 
consideration that ASD is characterized by abnormalities 
in methionine patways, plasma levels of metabolites in 
methionine trans-methylation and trans-sulfuration patways 
were measured in 80 ASD and 73 control children. Moreover, 
common polymorphic variants known to modulate these 
patways were evalued in 360 children and 205 controls. Plasma 
methionine and indicators of methylation capacity, such as 
S-Adenosylmethionine (SAM) to S-Adenosylhomocystein 
(SAH) ratio, as well as plasma levels of cysteine, glutathione, 
and the ratio of reduced to oxidized glutathione resulted 
decresed in ASD children compared to controls. These findings 
suggest that clinical manifestations of ASD could be related 
to increased vulnerability to oxidative stress [37]. A study 
was carried out in two groups of respectively 89 ASD people 
and 89 matched controls. Participants were examined for 13 
serological metabolites and two genetic variants related to 
folate metabolism. It was found that folate-related metabolism 
contributed to ASD and differences between ASD and healthy 
controls could be found to detect folate-related metabolism 
biomarkers [39]. A work made in Han Chinese population failed 
to find an association between genetic causes and ASD. The 
population was studied for the association between a single-
Nucleotide Polymorphism (SNP) in genes involved in vitamin 
B12 and folate and childhood AS; no significant association 
was found between all these genotypes and ASD risk [38]. 
Similarly, a review explored genetic causes of ASD and ADHD 
by investigating the possible role of folate and folate-related 
patways in neurodevelopmental disorder, such as ASD and 
Attention Deficit-Hyperactivity Disorder (ADHD) [40]. Folate 
deficiency during pregnancy has been associated with both 
ADHD [41] and ASD [42]. Some studies reported the MTHFR 
C677T mutation in ASD as well as the presence of T allele or 
TT/CT genotypes more commons in mothers of ASD subjects 
compared to typically developed people [37,43,44,45,21,46,47]. 
The authors also reported some studies which failed to find 
an association between MTHFR variant and autism risk [48-
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50,38]. Moreover, they presented a single work supporting the 
role of MTHFR C677T polymorphism in ADHD [51]. Another 
polymorphism found in ASD is the RFC1 A80G [52]. MTRR A66G 
genotype has been considered an important risk factor for ADHD 
[53]. The 19bp deletion DHFR was found associated with ASD 
in an Australian cohort of 17 patients and 16 controls [48,40]. 
Some works carried out in children with autism spectrum 
disorders provided an autoimmune explanation of lower levels 
of folic acid in ASD individuals [54,55]. Infact, the authors found 
a high prevalence of serum Folate Receptor Autoantibodies 
(FRAA) in ASD patients, and this may reduce the effect of this 
vitamin supplementation in pregnacy. 

From a therapeutical point of view, four studies-one of them 
made on murine models [60] - documented the importance of 
folate supplementation for psychomotor [58], behavioral [59] 
and social aspects of ASD [61]. A study carried out in BTBR + 
Itpr3tf/J (BTBR) mice receiving FA (0,2 mg/kg/) orally from post-
natal day 14-35 pointed out that FA supplementation could 
reduce repetitive and stereotyped behaviors, improve social 
communications, enhanced memory and spatial learning via 
the downregulation of cell loss in hippocampal CA1 region of 
the brain and modulated oxydative stress and inflammatory re-
sponses by altering the ferropotosis signaling pathways [60]. A 
study analysing Mexican children for effects of dietary intake of 
folate and viatamin B12 in mental and psychomotor develop-
ment showed that dietary folate intake in early childhood may 
be beneficial for the mental development of children [58]. An-
other work carried out in 19 ASD children, was made to evalu-
ate the efficacy of folinic acid at a lower dose of 5 mg twice daily 
in improving Autism score. It was seen that Autism Diagnostic 

Observation Schedule (ADOS) score, social interaction, com-
munication sub scores were improved at week 12 compared 
to baseline only in the folinic acid group. The greater change 
of ADOS global score was noted in the folinic acid group, thus 
suggesting a possible therapeutic role of folate in ASD [59]. 
Moreover, beneficial effects of folinic acid as an adjuvant to ris-
peridone for the treatment of inappropriate speech and other 
behavioral symptoms in children with autism have recently 
been highlighted [61].

Regarding folate role in treatment of ADHD, it has been 
questioned if L-methylfolate could augment methylphenidate 
in the treatment of ADHD. A clinical trial of 15 mg of L-methyl-
folate in combination with osmotic-release oral system meth-
ylfenidate showed that L-methylfolate was well tolerated with 
an improvement in the ASR scale. Methylphenidate level was 
higher in individuals treated with L-methylfolate probably due 
to a variation in a guanosine triphosphate cyclohydrolase gene. 
All these findings could suggest a possible beneficial effect of 
L-methylfolate in ADHD [62].

Folic acid in Obsessive-Compulsive Disorder (OCD): The role 
of folate supplementation in OCD is still quite limited. 

A work examined serum folate and homocysteine concentra-
tions in 23 OCD patients and in control subjects. The severity of 
the disease was assessed through Yale-Brown Obsession Com-
pulsion Scale (Y-BOCS). It emerged that OCD patients presented 
lower levels of folate, whereas their homocysteine concentra-
tion resulted higher. Meantime, methylation and monoamine 
metabolism were impaired in OCD patients [63]. However, oth-
er three studies did not confirm previous findings [64-66].

FA and cognitive disturbances:
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N (M/F) Age±SD N (M/F) Age
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[1
6]

Case-control 82 Alzheimer Disease (AD) - 82 controls -

National Institute of Neu-
rological and Communica-
tive Disorders and Stroke 

and Alzheimer Disease 
and Related Disorders As-
sociation (NINCDS-ADRDA)

AD patients with folate defi-
ciency or hyperhomocistein-
emia had low mitochondrial 
function in peripheral blood

Small sample size, 
brain tissue and 

peripheral system are 
different
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t a
l. 

20
21

 [1
5] Prospective, 

randomized, 
placebo-

controlled, 
double-blind

115 patients in Main-
tenance Haemodialysis 

(MHD) who had Montreal 
Cognitive Assessment 

(MoCA)score lower than 
26 and receiving thiamine 
90 mg/die combined with 

folic acid 30 mg/die fol-
lowed for 96 weeks

-

115 controls 
receiving 
thiamine 

placebo 90 
mg/die and 

folic acid 
placebo 30 
mg/die fol-

lowed for 96 
weeks

- MoCA

Thiamine and folic acid
 could reduces homocysteine 

levels, so as to relieve the 
oxidative

stress and improve cognitive 
function in patients with

MHD.

Cognitive
score measurement 

by different research-
ers may

differ in the evalu-
ation of cognitive 

function of subjects
in a multicentre 

study.
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8] Single-center, 

double-blind, 
randomized 
clinical trial 
(RCT) design

160(138 completed the 
trial) patients with Mild 

Cognitive mpairment 
(MCI), divided in 3 groups: 

Folic Acid (FA) (N=35), 
folic acid+ Docosahexae-
noic Acid (DHA) (N=34), 

DHA(N=36)

Mean age of  
FA  

group= 67,  
51±5,  

07 years.
FA+DHA   

group=66, 
74±5,  

79 years.
DHA 

group=70,  
17±6,54 years

Control 
group 
(N=33)

Mean age=68,  
30±6, 38 years

Chinese version of the
Wechsler Adult Intel-
ligence Scale-Revised 

(WAISRC).
At baseline, the Mini-

Mental State Examination
(MMSE)

6 months of supplementation 
with

0.8 mg/day folic acid combined 
with 800 mg/day

DHAimproves cognitive func-
tion in older adults with

MCI. In addition, intervention 
reduced homocysteine

and A_-related biomarker 
levels, while increasing

the SAM/SAH ratio, folate, 
DHA, and SAM levels

relative to those in the placebo 
group

Blood biological indi-
cators not tested at 
6 months after stop-

ping intervention. 
Treatment duration 

has been short. 
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acid/ multivitamin supple-
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Presence of confound-
ings.Small sample size. 
Lack of information on

gestational age decreas-
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exposure
classifications
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Mean age= 36, 
5±1, 6 months

- -

Autism Diagnostic 
Observation

Schedule (ADOS), 
Mullen

Scales of Early 
Learning (MSEL)

Maternal prenatal vitamin 
intake during the first 

month of
pregnancy may reduce ASD 

recurrence in siblings of 
children with ASD in high-

risk families

Small sample size. The 
possibility of residual
confounding or con-
founding by unmea-
sured factors cannot 

be ruled
out.

Ra
gh

av
an

 e
t a

l. 
20

18
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3]
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86 ASD children 
Mean age of 

children mothers= 
30,9±6,5 years

1171 neurotypi-
cal children

Mean age of 
their moth-

ers=28, 3±6,6 
years

EMR (Electronic 
Medical Record)

Extremely high maternal 
plasma folate and B12 levels 
at birth were associated with 

ASD risk.

Diagnosis was made on 
the basis of EMR. Lack 
of information about 

maternal dietary intake 
data during preconcep-

tion and pregnancy
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l. 
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19
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9]
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m
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756365 children 
Range=11 months 

to 15 years

Routine prenatal
supplements of folic acid 

were associated with signifi-
cantly lower levels of ASD.

Gu
o 

et
 a

l. 
20

19
 [3

3]

Sy
st

em
ati

c 
re

vi
ew

 
an

d 
m

et
a-

an
al

ys
is

Observational studies (a total 
of 13 reports; 840,776 children 

and 7127 cases)
 

This study doesn’t provide 
support for the association 

between maternal FA intake 
during the prenatal period 

and the reduced risk of ASD 
in children

Small number of studies 
in literature
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20
 [2

0]

A 
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t 

92 ASD children
Mean Mothers 
age=29, 8±6,  

2 years 

475 neurotypi-
cal  

controls

Mean moth-
ers age=28, 
3±6,4 years 

EMR using ICD-9 
and ICD-10

Higher concentrations of 
cord UMFA, but not 5-

methyl THF or total folate, 
were associated with a 

greater risk of
ASD in Black children.

Diagnosis of ASD made 
on the basis of EMR.

Study limited to a subset 
of children. Presence of 
possible confounders.

UMFA not measured in 
maternal circulation. 

DHFR polymorphism is 
the only analysed 
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ASD children (N=416, M=333, 
F=83)

Mean age= 
4,68±1,94

Typically devel-
oping  children 

(N=201)

Mean age= 
4,47±1,06 

years
DSM-5

Children born by mothers 
without folic acid and 

micronutrient supplementa-
tion during pregnancy had 
more severe cognition and 

communication impairment, 
autistic behavior mannerism, 

delays in adoptive gross 
and gastrointestinal than 
children born by moth-

ers who didn’t use FA and 
supplementation

Disproportion between 
males and females

Sa
nt

os
 e

t a
l. 

20
20

 [3
5]

Co
ho

rt
 

4571 Brazil participants Range=35-74 years - -

Not found significant associ-
ations between serum folate 
and cognitive performance 

in this large sample, which is 
characterized by a

context of food fortification 
policies and a consequent 

low frequency of folate 
deficiency.

Very few
participants had serum 
folate levels below the 

WHO cutoffs
for folate deficiency. Not 
included red cell folate 

and homocysteine. 
Single determination of 
folate for each partici-

pants.
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100 women with ASD diag-
nosed offspring with 76 male 

children and 24 females

Median age of 
mothers=31 years
Range=28-34 years

100 women 
whose offspring 
were typically 

developed with 
78 male children 
and 22 females

Median=30 
years

Range=26-33 
years

DSM-IV

High maternal folate status 
during early pregnancy 

may be associated with the 
occurrence of ASD in the 

offspring

Disproportion between 
children M/F ratio
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20

22
 [3

0]

Sy
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c 
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ew
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9795 ASD cases (10 studies and 
23 sub-studies included)

- - - -

Folic acid supplementation 
during early pregnancy was 
associated with a lower risk 
of offspring’s ASD. The con-
sumption of a daily amount 
of at least 400 μg folic acid 
from dietary sources and 

supplements, was
associated with a reduced 

risk of offspring ASD. Critical 
effective maternal folic acid 

supplementation
strategies may aid the reduc-

tion in the risk of offspring 
ASD. 

Detailed information 
was acquired through 

questionnaires. Residual 
or unmeasured con-
founding  factors are 

possible. 

Abnormalities in folate patways in ASD and ADHD:

Au
th
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s 

an
d 

ye
ar

St
ud

y 
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gn

Sample

Diagnostic criteria Results

Li
m

itsPatients Control group

N (M/F) Age±SD N (M/F) Age
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)
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e=
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,8
±4

,1
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DSM-IV

Plasma methionine and the ratio of S-Adenosylmethi-
onine (SAM) to S-Adenosylhomocysteine (SAH), were 
significantly decreased in ASD children relative to age-
matched controls. Plasma levels of cysteine, glutathi-
one, and the ratio of reduced to oxidized glutathione 
were decreased. Differences in allele frequency and/
or significant gene–gene interactions were found for 
relevant genes encoding the reduced folate carrier (RFC 
80G>A), transcobalaminII (TCN2776G>C), catechol-O-
methyltransferase (COMT 472G>A), methylenetetrahy-
drofolate reductase (MTHFR 677C>T and 1298A>C), and
glutathione-S-transferase (GST M1).
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D 
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N
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M
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M
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25
 c

on
tr

ol
s (

M
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1)

M
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n 
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6,
76
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Ra
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e=

3,
3-

11
,4
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DSM-5, Autism Diag-
nostic Observation 
Schedule (ADOS) in 
conjunction with the 
Autism Diagnostic In-
terview
(ADI)

CSF 5MTHF was low in 23 out of 25 patients. The re-
duced CSF folate in 19 out of these 23 patients could 
be explained by serum FR autoantibodies blocking the 
folate binding site of the membrane-attached FR on the 
choroid epithelial cells. Oral folinic acid supplements led 
to normal CSF 5MTHF and partial or complete clinical
recovery after 12 months. Sm

al
l s

am
pl

e 
siz

e.
 D

is-
pr

op
or

tio
n 

in
 M

/F
 ra

tio
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 th

e 
fir

st
 g

ro
up

Zh
an

g 
et

 a
l. 

20
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tio

n 
(N

=2
01

)

He
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y 

ch
ild

re
n 

(N
=2

00
)

Childhood Autism Rat-
ing Scale (CARS), pa-
tients with scores of 
<36 were classified as 
mild-to-moderate and 
36 as severe.

 Lack of  association of all examined SNPs with childhood 
ASD and its severity.
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DSM-5
Serum FRAA are more prevalent in children with ASD 
than TD. Children with ASD may have defects in folic 
acid absorption.
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DSM-5

Folate-related metabolism contributes to predisposition 
of ASD. Folate-related metabolism biomarker could be 
useful both for detection of ASD individuals from con-
trols both for early ASD diagnosis Di
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FA and OCD:
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Diagnostic 
criteria

Results LimitationsPatients Control group

N (M/F ) Age±SD N (M/F) Age
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: 
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N
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c 
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ild
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n

 Dietary folate intake in early childhood may be ben-
eficial for the mental development of children

Not significant results.
It is possible that the reported 
associations are conservative es-
timate due to random measure-
ment error inherent to the food 
frequency questionnaire used to 
estimate dietary folate and vita-
min B12
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 (A

DO
S) The global ADOS score and social interaction and 

communication sub scores were significantly
improved at week 12 compared to baseline in the 
folinic acid group but not in the placebo group. A 
greater change of ADOS global score was observed 
in the folinic acid group compared to the placebo 
group.  No serious adverse events were observed.

Small sample size. Absence of 
stratification for M/F ratio and 
for age
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M
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Folinic acid dosage was 2 mg/kg up to 50 mg per 
day for the entire course of the study. The repeated 
measures analysis showed significant effect for time 
× treatment interaction on inappropriate speech, 
stereotypic behavior, and hyperactivity noncompli-
ance subscale scores. In contrast, no significant ef-
fect for time × treatment interaction was found on 
lethargy/social withdrawal and irritability subscale 
scores. The study provided preliminary evidence 
suggesting that folinic acid could be recommended 
as a beneficial complementary supplement for alle-
viating speech and behavioral symptoms in children 
with ASD.

Small sample size, dispropor-
tioned M/F ratio in ASD group 
receiving placebo
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Methylfolate was well tolerated, with no significant 
effect over placebo except improvement from ab-
normal measures on the mean adaptive dimension 
of the Adult Self Report (ASR) scale. Methylpheni-
date dosing was significantly higher in individuals on 
L-methylfolate over time.

Limited ability to predict value of 
biomarkers. Small sample size.

Therapeutic value of folate supplementation in ASD and ADHD:
Au
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or

s 
an

d 
ye

ar

Study design

Sample

Diagnostic criteria Results LimitationsPatients Control group

N (M/F ) Age±SD N (M/F) Age
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00

5 
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3]

Placebo controlled 
study

OCD patients 
(N=23, M=8, 
F=15)
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OCD was diagnosed 
through DSM-IV crite-
ria. severity was deter-
mined through Y-BOCS 
scale

A group of patients with 
OCD might have folate 
deficiency, higher homo-
cysteine levels and prob-
able impaired metylation 
and monoamine metabo-
lism

Small sample size, disproportioned M/F 
ratio in the patient group. 

Da
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20
21

 [6
4]

The study consisted of 
two phases: a 2-week 
open-label prospective 
phase to confirm resis-
tance to SRIs and the 
second 6-week open-
label addition phase for 
non- responders of the 
first phase

Patients 
(N=115, 60 
of them were 
considered 
resistant and 
entered in the 
second phase 
of the study. 
At the baseline 
F=60, M=55) M

ea
n 

ag
e 

of
 

fe
m

al
es

=2
9,

2±
10

,4
 

ye
ar

s

- -

DSM-5 criteria were 
used for OCD diagno-
sis.
Y-BOCS and CGI scales 
were used for disease 
severity assessment

Methylfolate wasn’t ef-
fective in treatment of 
resistant OCD people

Long-term tolerability of adding antipsy-
chotics to SRIs in patients with resistant 
OCD cannot be commented upon while 
the need of giving antipsychotics for lon-
ger a duration is there since high chanc-
es of relapse are present on discontinu-
ation after a response is seen. None of 
patients had poor insight of OCD, so it 
wasn’t possible to comment the effect 
of antipsychotics for insight. 
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Double blind, placebo-
controlled

Patients receiv-
ing fluoxetine 
and folic acid 
(N=18, M=8, 
F=10)
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, F
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±1
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OCD diagnosis was as-
sessed through DSM-IV 
criteria. (Yale Brown 
Obsession Compul-
sion Scale) Y-BOCS 
was used to detect 
severity of symptoms. 
The Hamilton Anxiety 
Rating Scale (HAM-A) 
for anxiety. Hamilton 
Depression Rating 
Scale for depression. 
The Clinical Global 
Impression (CGI) for 
general improvement 
or deterioration

It may be assumed that 
there is no beneficial ef-
fect of folic acid addition 
to fluoxetine in the treat-
ment of OCD

The study has a relative small sample, 
not implemented a dietary restriction, 
and not used methylfolate the active 
metabolite of folate

Ya
n 
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l. 
20

22
 [6

6]

Systematic reviews and 
meta-analysis of case-
controls studies

Experimental 
group (N=172 
cases)

-

Co
nt

ro
l g

ro
up

 (N
=1

37
 c

as
es

)

-

Eight databases were 
used (e., PubMed, 
Embase, Web of Sci-
ence, the Cochrane 
Library, China Biology 
Medicine disc, China 
National Knowledge In-
frastructure, Wanfang 
Database, China Sci-
ence and Technology 
Journal Database), and 
the retrieval time was 
up to March 2021)

The content of folate in 
the OCD group was not 
significantly different 
from that in the control 
group

Some articles’ measures data aren’t dis-
tributed normally and weren’t reported 
in the form of median and quartile. Only 
English and Chinese language reports 
have been searched. Small sample size. 
The results were based on unadjusted 
estimates, more accurate outcomes 
would be achieved due to adjustments 
for other confounding factors. Some 
factors hadn’t been taken consider into 
study (e.g., renal function) of partici-
pants. One set of trails from the last cen-
tury hasn’t mentioned the details about 
the diagnosis and detection methods. 
Most of the participants in 1 study 
were women. There are also some dif-
ferences in the laboratory examination 
methods for each index in each group 
due to time.

 Discussion

The present review showed a potential benefit of folates 
supplementation in neuropsychiatric diseases. Globally, a cer-
tain number of studies reported a protective role of folate 
prenatal regular intake from ASD risk in the offspring [18-26]. 
Intriguingly, by analysing receptorial profile of some ASD chil-
dren, endogenous factors of resistence to folate supplementa-
tion were detected [54,55], whereas in other ASD individuals 
beneficial effects of folate supplementation on different aspect 
of autistic disease, such as stereotyped behaviors and social 
communication, are largely supported [58,59,61]. We also de-
cided to include in our work the role of folate supplementation 
in cognitive disturbances [9,17]. Studies made on animal mod-
els reported how genetic and dietary folate metabolic disorders 
increase risk for cognitive decline [9,11]. Meanwhile, a benefi-
cial role of folic acid in alleviating telomere attrition in cells and 
in lowering levels of reactive oxygen species [15] was higlight-
ed, while works carried out in humans pointed out that folate 
deficiency may induce a cognitive impairment via decrease of 
Hcy [68] and blood Aβ-related biomarkers [17]. Indeed, some 
limitations of the published studies should be acknowledged. 
Some of the significant findings of folic acid benefits on neu-
ropsychitric diseases were carried out in animal models. More-
over, a great number of studies focused on specific genotypes 
or polymorphism, thus limiting the extension of these findings 
to general population, who is not routinely screened for these 
variants. Sometimes, other intermediate molecules, such as ho-
mocysteine, mediated the effects of folate. As a result, that of 
folic acid was often an indirect effect.

Conclusion

Taken together, the findings derived from the present review 
suggest into that folic acid supplementation may be a safe and 
advantageous for the prevention and improvement of different 
neuropsychiatric disorder. However, the exact role of folic sup-
plementation for prevention of these diseases is still rather un-
clear and needs to be deeply investigated

Declaration of interest: None
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