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L-methylfolate in patients with treatment resistant depression: fulfilling the
goals of personalized psychopharmacological therapy

I said to my soul, be still, and wait without hope
For hope would be hope for the wrong thing; wait
without love
For love would be love of the wrong thing; there is yet
faith
But the faith and the love and the hope are all in the
waiting.

T. S. Eliot

Major depressive disorder (MDD) is a highly preva-
lent psychiatric disorder and reported as one of the
most leading cause of disabilities world-wide, affecting
approximately 350 million individuals [1]. Depression
also leads to considerable maladaptive illness beha-
viours with increased risk and health care utilization
due to comorbid cardiovascular diseases, neurocogni-
tive disorders, chronic pain syndromes, diabetes, and
cerebrovascular diseases [2-4]. The predominant neu-
robiological theory of MDD is rooted in the mono-
amine neurotransmitters serotonin (5HT),
norepinephrine (NE), and dopamine (DA), in a series
of neural circuitries in the brain that contribute to
depressive symptoms including anhedonia and
depressed mood. Several studies reported that about
two third of patients with MDD who were treated
with first-line therapies showed some level of response;
however, one third of patients remained refractory to
treatment leading to poor quality of life and impair-
ment in overall functioning [5]. Often and many
times, depressed patients report that antidepressants
have been working well during the first 2-3 months,
then they have fizzled out and stopped working. Treat-
ment-resistant depressed patients have partial or no
response to psychopharmacotherapy, which may
include trials of different antidepressants, a combi-
nation of psychotropic agents, adjunctive therapy or
off-label use of alternative agents [6]. For clinical psy-
chiatrists; rather than a reduction in symptom severity,
achieving and maintaining remission is the goal of
rational psychopharmacotherapy. There are numerous
factors that might contribute to treatment resistance
including number of psychiatric/medical comorbid-
ities, environmental stressors such as familial conflicts,
marital discordance, postpartum depression, history of
physical/sexual abuse, and genetic vulnerabilities [5]. It
has long been recognized that there is substantial
variation in the response to psychiatric treatment [7].
As a result, understanding an individual’s genetic

background can help to predict drug responses and
potential risks for adverse events [8]. An emerging
and promising strategy is to utilize a person’s pharma-
cokinetic and pharmacodynamic genetic profile to
guide decisions of personalized psychopharmacological
therapy.

One of the known associations in treatment-resist-
ant depressed patients is that the presence of methyle-
netetrahydrofolate reductase (MTHFR) polymorphism
which translates into lower serum levels of L-methylfo-
late and possibly lower folate and monoamine levels in
the central nervous system (CNS). A recent meta-
analysis indicated higher rates of depression in individ-
uals with the C667 T homozygous mutation for
MTHER [9]. MTHEFR is an enzyme responsible for cat-
alysing the conversion of folic acid and folate to L-
methylfolate. The mutation of the MTHEFR gene is a
single nucleotide polymorphism that causes an alanine
to valine amino acid substitution [9]. A common var-
iant of this gene significantly reduces the enzymatic
activity of MTHEFR, resulting in the inefficient pro-
duction of L-methylfolate. Each copy of the variant
reduces MTHFR enzyme efficiency by approximately
35% [9]. Individuals who are homozygous for the T
variant have about 30% of the enzyme activity of indi-
viduals with the wild-type (CC) variant [9]. Heterozy-
gous (CT) individuals have about 65% of the enzyme
activity of CC individuals [9]. More recently, Lok
etal. [10] examined the gene-environment relationship
between early-life adversity and MTHFR genotype for
MDD recurrence and concluded that MTHFR poly-
morphism combined with traumatic childhood events
was predictive of depression. Patients with a history
of recurrent depression currently in remission were fol-
lowed for 5.5 years for depression recurrence. The
researchers concluded that the presence of the
MTHER T allele coupled with early-life adversity was
most predictive of depression recurrence. Severity of
depression was highest in the T/T population and low-
est in the C/C population. Severity of depression also
correlated with the number and severity of childhood
traumatic events [10]. How the MTHFR polymorph-
ism disrupts one carbon metabolism or promotes oxi-
dative stress along with how early-life adversity may
trigger or “unlock” certain genes that alter methylation
patterns and expression of inflammatory markers will
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be a primary focus of future research. This highlights
the importance of understanding complex gene-
environment interactions, because they may lead to
more personalized psychiatry, which is the ability to
choose treatment strategies that account for individual
variability, which can achieve a greater response.
Specific ethnic groups are at higher risk for the less
functional forms of MTHFR. The T/T genotype is pre-
sent in as many as 10% of Caucasians and up to 22% of
Hispanic or Mediterranean populations [11]. Several
other groups are also at risk for lower L-methylfolate
levels, including patients who are using antiepileptic
medications, alcohol/substance dependents, cigarette
smokers, and patients with gastrointestinal disorders
[12]. Drugs that are known to reduce folate levels
include phenytoin, valproic acid, carbamazepine, pri-
midone, phenobarbital, and lamotrigine, which is a
specific inhibitor of dihydrofolate reductase (DHFR).
DHER activity is the first step necessary for the conver-
sion of dietary folate or supplemental folic acid to L-
methylfolate. Other drugs associated with folate
depletion include oral contraceptives, acne medi-
cations, metformin, lithium, dopaminergic medi-
cations for Parkinson’s disease and methotrexate,
which is a specific DHFR inhibitor [12].
L-methylfolate is the only form of folate that crosses
the blood-brain barrier and is immediately available
for neurotransmitter synthesis [12]. L-methylfolate
modulates the synthesis of monoamines, including ser-
otonin, norepinephrine, and dopamine in a 2-step pro-
cess. First, L-methylfolate acts as an important
regulator of a critical cofactor known as tetrahydro-
biopterin (BH4), which is necessary for the synthesis
of neurotransmitters. The trimonoamine enzymes
that require BH4 as a cofactor are tryptophanhydroxy-
lase, the rate-limiting enzyme for 5-HT synthesis and
tyrosine hydroxylase, the rate-limiting enzyme for
DA and NE synthesis. Another mechanism of anti-
depressant activity of L-methylfolate is its role in the
homocysteine cycle. It has been reported that higher
CNS homocysteine levels are associated with
depression, dementia, and stroke [13]. Homocysteine
is transformed to methionine utilizing B12 and L-
methylfolate, both necessary cofactors for this trans-
formation. Methionine is then converted to s-adenyl-
methionine (SAM), which serves as the methyl donor
for all three monoamines serotonin, norepinephrine,
and dopamine. Therfore, patients with low CNS L-
methylfolate are less able to convert homocysteine to
methionine, the first necessary step of the homocys-
teine cycle [13]. L-methylfolate as a trimonoamine
modulator and indirect regulator of trimonoamine
neurotransmitter synthesis and monoamine concen-
trations, presents a therapeutic option in the manage-
ment of treatment-resistant depression by enhancing
BH4 to increase monoamine synthesis [12]. In
addition, L-methylfolate acts as a donor for DNA

methylation, a process necessary for epigenetic gene
silencing [14]. Unlike antidepressants, which block
the reuptake of neurotransmitters in short supply, L-
methylfolate allows necessary methyl donation for ade-
quate formation of trimonoamines. L-methylfolate is
available by prescription and is regulated by the FDA
as a prescription medical food for the specific nutri-
tional requirements of depressed individuals with sub-
optimal serum, RBC, or CNS folate. It is specifically
intended as an adjunctive therapy for depressed
patients who have partially responded to antidepress-
ant therapy. However, L-methylfolate may provide
benefit to patients with or without serum or RBC folate
deficiency, particularly if they are at risk for low pro-
duction of neurotransmitters [12].

Papakostas et al. have shown that L-methylfolate
can be an effective antidepressant strategy as an aug-
mentation to selective serotonin reuptake inhibitors
(SSRIs) [15]. In a novel sequenced parallel comparison
design; they reported results from two trials concluding
that L-methylfolate at 15 mg/day is an effective and
well-tolerated treatment for patients with MDD who
were SSRI non-responders. Patients fulfilling the cri-
teria for unipolar major depression without psychosis
received treatment with an SSRI at adequate doses
for at least 8 weeks. The primary outcome measures
were the difference in response rates on the 17-item
HAM-D along with the degree of improvement in
the HAM-D. In the first trial of 148 patients, no signifi-
cant difference was found for either primary outcome
measure between SSRI plus L-methylfolate at 7.5 mg/
day versus SSRI monotherapy. However, a subgroup
of patients in the first trial who had L-methylfolate
15 mg/day demonstrated a greater response rate than
the placebo group. This led to the design of the second
trial with 75 patients, in which only the higher dosage
of 15 mg/day of L-methylfolate was used for augmenta-
tion. In this trial, L-methylfolate at 15 mg/day plus an
SSRI was superior in both outcome measures to SSRI
monotherapy. Response rates for the L-methylfolate-
plus-SSRI group (32.3%) were higher than the SSRI-
plus-placebo group (14.6%), and the corresponding
differences in the degree of improvement on the
HAM-D were higher (—5.58 versus —3.04). In addition,
L-methylfolate augmentation did not lead to any sig-
nificant differences in terms of gastrointestinal side
effects, sedation, weight gain, and sexual dysfunctions.
The number needed to treat for response in the second
trial was approximately six in favour of adjunctive L-
methylfolate compared to the placebo, which is com-
parable to results reported for other augmentation
strategies in patients with MDD, such as use of atypical
antipsychotics [16]. In a randomized controlled trial,
Reynolds et al. reported that methylfolate monother-
apy was as effective as a standard antidepressant for
depression [17]. Overall 8 of 19 (42%) patients treated
with L-methylfolate (25 mg of active L-methylfolate)



and 7 of 20 (35%) patients treated with Amitriptyline
(150 mg/day) for 6 weeks responded. No side effects
were reported with L-methylfolate, while three patients
were withdrawn from the study due to unacceptable
side effects with Amitriptyline. Another interesting
finding was the relationship between antidepressant
response to L-methylfolate and the rise in red cell folate
levels. All the patients who were responders to L-
methylfolate treatment exhibited a noticeable rise in
red blood cell folate at 6 weeks [17].

If MDD is hypothesized as a low serotonergic state,
then we can imagine a serotonergic neuron producing
a less than the desired amount of neurotransmitter.
When an SSRI/SNRI is prescribed, less serotonin
returns to the neuron via reuptake inhibition and it
begins to accumulate in the post-synaptic cleft, where
it can serve its role in neurotransmission. Therefore,
consistent synthesis of serotonin would be required
to provide adequate amounts of neurotransmitter for
release into the synaptic cleft. Although it is possible
that additional stressors might worsen the clinical
state of the depressed patients, it is possible that the
prescribed antidepressant is no longer binding effec-
tively to the serotonin reuptake site or it is likely that
tolerance developed. What might be occurring is that
the prescribed antidepressant worked effectively in
the beginning and that over several weeks of reuptake
inhibition, it effectively drained serotonin from the
neurons. Something similar was shown in prior
research involving partial responders to fluoxetine
who experienced depressive symptom relapse after
tryptophan-depletion challenges [18]. Augmentation
of SSRI/SNRI with L-methylfolate might help maintain
serotonin levels in certain depressed patients and also
contribute to a more sustained treatment effect. This
may increase the chance of achieving remission, and
in those who have reached remission, it may reduce
the risk of symptom relapses.

Conclusions

L-methylfolate 15 mg/day added to SSRIs or as mono-
therapy can be an effective and well-tolerated treatment
strategy for MDD patients who are partial or non-
responders to antidepressant therapy. L-methylfolate
may be particularly effective in patients with a
C667 T homozygous mutation for MTHFR. As psy-
chiatry advances at the molecular level, we will gain
more understanding of how individuals with certain
genotypes may be more vulnerable to particular stres-
sors compared to individuals with other genotypes.
Certain traumatic events or stressors may require
specific psychotherapy interventions, such as cogni-
tive-behavioural therapy, eye movement desensitiza-
tion and reprocessing (EMDR), or even anaerobic
exercise. Biological interventions aimed at oxidative
stress, one carbon metabolism or blockage of certain
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DNA-protein interactions could be the norm. Better
understanding the role of MTHEFR and its relationship
to MDD may be one of the first steps in this long due
process. L-methylfolate appears to be the optimal com-
pound for augmentation, as it is the active form utilized
by the CNS and readily crosses the blood-brain barrier.
It is a necessary cofactor for the synthesis of mono-
amine neurotransmitters. Many depressed patients
are at risk for low levels of CNS folate due to lifestyle,
medications, and genetics, but even those with normal
CNS folate may benefit from L-methylfolate augmenta-
tion. There are no known drug interactions and no
reports of mania induction. L-methylfolate is a well-
tolerated medication which stands out as one of the
safest of available augmentation options. Replication
of results in independent cohorts is needed, as well as
additional research to further clarify the antidepressant
role of L-methylfolate. We recommend genetic testing
for the MTHFR polymorphism whereever feasible.
Once identified as treatment-resistant depression,
patients are likely to be positive for MTHFR poly-
morphism and therefore genetic testing may not even
be required for recommended treatment (L-methylfo-
late, 15 mg/day) to begin with.
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