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The clinical manifestations of  
depression were described more than 
2500 years ago,1 although current  
terminology including “depression” 
was not established until the  
late 19th century,2 and the  
pathophysiology of this common  
disorder is still being elucidated.3  
A recent search of the PubMed  
database using the key words  
“depression” + “pathophysiology” 
identified 3628 articles published  
within the past 2 years alone. Because 
major depressive disorder (MDD) is 
highly variable, complex, multifactorial, 
and etiologically heterogeneous,4,5 
its pathophysiology provides the 
foundation for rational therapy. The 
proposed underlying pathophysiologic 
mechanisms broadly include diathesis 
(vulnerability)-stress,6 environmental 
effects on genes (epigenetics),  
cellular (oxidative) stress, and  
neuroinflammation, the latter defined 
as an inflammatory response within 
the brain or spinal cord, mediated  
by proinflammatory cytokines  
(small protein molecules such as 
interleukin [IL]-1, IL-6, IL-8, and tumor 
necrosis factor-alpha [TNF-α] that are 
produced by several immune cells), 
reactive oxygen species (unstable  
molecules, sometimes called “free 
radicals,” that can contribute to  
inflammatory processes), and immune 
mediators7 (Figure 1).

Pathophysiology of MDD:  
Focus on Inflammation

Bidirectional Relationship Between 
Depression and Inflammation
The relationship between  
depression and inflammation is well  
documented.8-10 Patients with MDD 
typically have increased levels of 
proinflammatory cytokines and  
C-reactive protein (CRP). 
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Patients with MDD typically 
have increased levels of 
proinflammatory cytokines 
and C-reactive protein.

Proinflammatory cytokines and  
CRP may predict the development  
of depressive disorders, and  
administration of proinflammatory 
cytokines or inflammatory stimuli (eg, 
typhoid vaccine or endotoxin) can 
induce depressive symptoms. Patients 
with MDD show higher cerebrospinal 
fluid (CSF) levels of proinflammatory 
cytokines and increased expression  
in postmortem brains of TNF-α 
messenger RNA (mRNA), monocyte 
chemoattractant protein-1 mRNA 
(MCP-1, a cytokine that regulates  
migration and infiltration of  
inflammatory cells), and Toll-like  
receptor-3 and -4, which play a role  
in innate immune responses.11 In  
addition, some viral pathogens  
induce cytokine production and  
are associated with depressive 
symptoms. These findings suggest 
a bidirectional interaction between 
cytokines and mood (ie,  
inflammation increases the risk of 
depression and depression increases 

the risk of inflammation).10 Conversely, 
blockade of proinflammatory cytokines 
can reduce depressive symptoms, 
and not all patients with MDD display 
elevated markers of inflammation, 
which are more common in the  
presence of stress, nonpsychiatric 
comorbidities, and obesity.8 

Evolving Paradigm of the  
Pathophysiology of Depression
The 3 neurobiological correlates of 
MDD are 1) dysregulation of the  
hypothalamic-pituitary-adrenal (HPA) 
axis, 2) depletion of brain serotonin, 
and 3) alteration of the continuous 
production of adult-generated  
neurons in the hippocampus.12 The 
HPA axis, sympathetic nervous  
system, and serotonergic, adrenergic, 
and dopaminergic central pathways—
in concert with genetic factors and 
glucocorticoid and leptin (a hormone 
released from adipocytes in adipose 
tissue) receptors—all play roles in the 
association between inflammation and 
MDD.13 Briefly, activation of the HPA 
axis in the central nervous system 
(CNS), which typically is caused  
by stress, leads to increased  
hypothalamic secretion of  
corticotropin-releasing hormone 
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Figure 1. Interactive Pathophysiologic Matrix of MDD.
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(CRH), followed by increased release 
of adrenocorticotropic hormone 
(ACTH) from the anterior pituitary  
and then increased secretion of  
glucocorticoids from the adrenal  
cortex. Activation of the HPA axis 
is also associated with increased 
sympathetic tone, characterized by 
decreased release of acetylcholine, 
increased release of norepinephrine, 
and the release of proinflammatory  
cytokines in the brain (“inflamed 
brain”). In addition, there is disruption 
in synaptic plasticity due to decreased 
brain-derived neurotrophic factor 
(BDNF, a key modulator of  
neuroplasticity) and alterations in  
dopamine, serotonin, and norepi-
nephrine signaling.9 These interactive 
pathways are summarized in Figure 2 
and together contribute to the  

cognitive and emotional features of 
depression (eg, anhedonia, depressed 
mood, feelings of decreased self-
worth, reduced ability to concentrate, 
and suicide ideation).14

Inflammation plays a key 
role in the pathophysiology 
of depression.

In addition to recruiting peripheral 
immune activating cells, cytokines  
activate microglia (resident  
macrophages in the brain).11 Activated 
microglia then release proinflammatory 
cytokines such as IL-6 and TNF-α, 
which induce activation of the HPA 
axis and subsequent secretion of 
glucocorticoids by the adrenal cortex. 
Glucocorticoids in turn modulate  

not only the HPA axis but also  
microglial activation,18 creating  
what could be described as a self- 
perpetuating proinflammatory state. 
Proinflammatory cytokines also  
influence the synthesis, release, 
metabolism, and reuptake of key 
mood-relevant neurotransmitters in 
the brain, including the monoamines 
dopamine, serotonin, and  
norepinephrine.18 Serotonin and  
norepinephrine reuptake inhibitors 
modulate the development of  
cytokine-induced depressive-like  
behavior in research settings. For 
example, studies have shown that the 
CSF concentration of IL-6 is elevated 
in patients with MDD and that there  
is a significant positive correlation  
between depression scores and CSF  
IL-6 levels.19

Figure 2. Evolving Paradigm of the Pathophysiology of MDD.

*Decreases efficiency of monoamine synthesis. 5HT=5-hydroxytryptamine; ACH=acetylcholine; ACTH=adrenocorticotropic hormone; BDNF=brain-derived neurotrophic 
factor; CRH=corticotropin-releasing hormone; DA=dopamine; IL-1=interleukin-1; IL-6=interleukin-6; NE=norepinephrine; TNF-α=tumor necrosis factor-alpha.

Inflammation plays a key role in the pathophysiology of depression via 3 major pathways.9 (1) Stress stimulates the release of glucocorticoids from the  
adrenal cortex, CRH from the hypothalamus, and the peripheral proinflammatory cytokines IL-1, IL-6, and TNF-α.9,15 CRH is the primary regulator of  
HPA axis activation.9 (2) HPA overactivity leads to alteration of autonomic balance favoring sympathetic (NE) over parasympathetic (ACH) signaling and 
increased sympathetic tone, promoting the release of proinflammatory cytokines from macrophages. Sympathetic signaling is activated under stress;  
parasympathetic signaling is associated with stress reduction.The 2 systems have complementary functions, operating in tandem to maintain homeostasis. 
Proinflammatory cytokines interfere with monoaminergic (DA, 5HT, and NE) and neurotrophic (eg, BDNF) signaling. (3) In addition, obesity and lipid  
accumulation in adipocytes, especially abdominal adipocytes, leads to an increased release of inflammatory cytokines.16 The “leaky gut” theory postulates 
that many factors including stress and unhealthy diet damage the gut barrier, increase intestinal permeability, and allow lipopolysaccharides (large molecules 
consisting of a lipid and a polysaccharide that activate peripheral inflammatory cells) to traverse the previously impermeable barrier.17 Lipopolysaccharides 
and other endotoxins contribute to an immune-mediated inflammatory response, which includes the release of proinflammatory cytokines.16 



The concentration of the 
proinflammatory cytokine 
IL-6 is increased in the CSF 
of patients with MDD.

Among the many known neurotrophins  
(growth factors that regulate many 
aspects of neuronal function), BDNF  
is the most abundant in the CNS, 
where it is synthesized mainly in the 
hippocampus and hypothalamus.20 
BDNF modulates neurotransmitter 
release and neuronal differentiation, 
adaptation, growth, and survival, 
collectively defined as neuroplasticity. 
Reduction of functional neurotrophic 
factors such as BDNF may contribute 
to the pathophysiology of depression 
by attenuating neuroplasticity.21  
Several studies have demonstrated 
the reduced expression of BDNF in  
depressed persons and increased  
levels of BDNF following anti- 
depressant therapy.20 

Relationship Among Obesity,  
Adipose Tissue, Proinflammatory 
Cytokines, and Depression

Obesity/Adipose Tissue Contribute 
Proinflammatory Cytokines 
Depression and obesity share  
alterations in cell-mediated immune 
responses14 and demonstrate similar 
activation of inflammatory and immune 
pathways leading to neuroinflamma-
tion.13 In particular, lipid accumulation 
in the form of white adipose tissue 
(so-called “bad fat”) in the abdomen 
activates innate immune mech-
anisms.16 Specifically, adipocytes  
in white adipose tissue secrete  
hormonal and immunostimulatory 
factors including so-called  
adipocytokines (ie, adiponectin, leptin, 
resistin, visfatin) as well as IL-6 and 
TNF-α, which are believed to be  
key links between obesity and  
inflammation.16 Activated macrophages  
in white adipose tissue also produce 
MCP-1, and lipid accumulation in 
adipocytes increases the production 
of MCP-1.16 MCP-1, in turn, leads to 
further accumulation of mononuclear 
cells and production of cytokines. 
This cyclic series of events results 

in a chronic inflammatory milieu that 
appears to mediate the link between 
obesity and depressive disorders.

Bidirectional Relationship  
Between Depression and Obesity
Studies have confirmed a bidirectional 
relationship between depression and 
obesity, ie, depression increases the 
risk of obesity and obesity increases 
the risk of depression.16 

Depression increases  
the risk of obesity and  
obesity increases the  
risk of depression.

A meta-analysis of 15 longitudinal 
studies confirmed a bidirectional  
association between depression  
and obesity (especially abdominal  
adiposity).25 Specifically, obese 
persons had a 55% increased risk 
of developing depression over time, 
and depressed persons had a 58% 
increased risk of becoming obese.25

Results from a well-characterized  
cohort of almost 66,000 US women 
followed between 1996 and 2006 in 
the Nurses’ Health Study also pro-
vided evidence that depression and 
obesity are bidirectional.26 Depression 
was associated with a significantly 
increased risk of obesity at follow-up, 
and this association was more  
apparent in women with physician- 
diagnosed depression and who used 
antidepressant medication. The  
converse analysis showed that  
baseline obesity was also associated 
with a moderately increased risk  
of depression at follow-up. Both  
associations were only partially  
explained by lifestyle factors and 
baseline comorbidities.
Research suggests several  
mechanisms for the relationship  
between depression and obesity.27 
Some experts propose that  
depression causes or contributes  
to obesity through its potential  
effect on binge eating and that  
pharmacotherapy for depressive  
disorders may lead to weight gain.  
Alternatively, others suggest that  

NHANES Survey Identifies a 
Connection Between Obesity  
and Depression 
Data from the National Health and 
Nutrition Examination survey, a 
continuous survey of a nationally 
representative sample of about 
5000 persons across the United 
States,22 were analyzed for the 
years 2005–2010 and found 
that almost 43% of adults with 
depression were obese (defined 
as BMI ≥30 kg/m2) compared with 
33% without depression.23 Women 
with depression were more likely 
to be obese than women without 
depression, a finding that was 
consistent across all age groups. 
Among men, rates of obesity did 
not differ by depression status 
until age 60 and over, after which 
men with depression were more 
likely to be obese than men of the 
same age without depression.23 
The survey also found that 1) as the 
severity of depression increased, 
so did the percentage of all adults 
with obesity; 2) both moderate to 
severe depressive symptoms and 
antidepressant use were associated 
with increased obesity; 3) moderate 
to severe depressive symptoms 
were associated with a higher 
rate of obesity both in persons 
who were taking antidepressant 
medication and in those who were 
not; and 4) antidepressant use 
was associated with a higher rate 
of obesity regardless of severity of 
depressive symptoms. The highest 
prevalence of obesity (54.6%) 
was seen in persons who had 
moderate or severe depressive 
symptoms and took antidepressant 
medication. However, it could not 
be determined whether depression 
preceded obesity or the opposite, 
as both were assessed concurrently 
in this epidemiological study.23 
In contrast, longitudinal studies 
have demonstrated a bidirectional 
relationship between depression and 
obesity (ie, depression increases risk 
of obesity and obesity increases the 
risk of depression).24 
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obesity causes or contributes to  
depression. For example, the  
stigma attached to obesity (particularly 
among women) may contribute to  
depression, and limitation of activity  
due to obesity or obesity-related 
chronic disorders may increase the 
risk of depression. Finally, depression 
and obesity may be linked through 
some common cause or third factor, 
either environmental or biological. 
There is evidence to suggest that 
inflammation represents the underlying 
link between adiposity and depression 
and their effects on comorbidities.28 

Inflammation and Increased   
Monoamine Synthesis May Lead to 
Antidepressant Treatment Resistance
Studies have shown that inflammation 
is associated with greater depressive  
symptom severity, resistance to 
commonly used antidepressants, a 
differential response to the selective 
serotonin reuptake inhibitor (SSRI) 
escitalopram versus the tricyclic  
antidepressant nortriptyline or the 
norepinephrine-dopamine reuptake 
inhibitor bupropion, and a higher  
likelihood of hospitalization in  
patients with MDD.9,29,30 
Chamberlain et al measured blood 
CRP levels in 4 groups: patients  
with treatment-resistant MDD,  
treatment-responsive patients with 
MDD not currently experiencing 
symptoms, patients with depression 
who were not currently receiving 
medication, and healthy volunteers.31 
Mood assessments were performed 
with the Hamilton Rating Scale for 
Depression (HAM-D). Compared with 
healthy volunteers, CRP was elevated 
significantly in the treatment- 
resistant group but not significantly  
in the treatment-responsive and  
untreated groups, demonstrating 
an association between CRP and 
treatment resistance.31 The authors 
concluded that MDD is associated 
with increased CRP, particularly in 
treatment-resistant depression.31 
Using a somewhat similar study 
design, Lindqvist et al measured the 
blood levels of IL-6, TNF-α, CRP, and 
biomarkers of oxidative stress in  

untreated patients with MDD and 
healthy controls.32 The investigators 
then treated about half the MDD  
patients with an SSRI for 8 weeks  
and repeated the measurements; all 
patients with MDD were assessed 
with the HAM-D before and after 
treatment. Compared with healthy 
controls, MDD patients had  
significantly higher levels of IL-6, 
TNF-α, and 2 markers of oxidative 
stress (F2-isoprostanes and 8-OH 
2-deoxyguanosine). Compared  
with MDD responders to SSRI  
antidepressant treatment,  
nonresponders had significantly  
higher levels of F2-isoprostanes  
at baseline and after treatment. 
Nonresponders showed a significant 
increase in 8-OH 2-deoxyguanosine 
over the course of treatment,  
whereas responders showed a  
significant decrease in IL-6 during 
treatment. The authors concluded  
that antidepressant response  
was associated with changes in  
inflammatory and oxidative  
stress markers.32 

Inflammation contributes 
to an inadequate response 
to typical antidepressants.

Studies also indicate that low-grade 
inflammation—defined as elevated  
serum levels of proinflammatory 
cytokines and CRP and/or activated 
circulating or resident immune cells 
including microglia—contributes  
to an inadequate response to  
antidepressants (eg, SSRIs/SNRIs, 
TCAs).33 A systematic review of 19 
studies found that elevated serum 
levels of IL-6 and CRP identify a form 
of MDD with a relatively poor outcome 
and nonresponsiveness to agents  
with a predominantly serotonergic 
mechanism of action.33 
What are the therapeutic implications 
of these findings? Most important  
is that monoamine-modulating  
antidepressants may not be very 
effective in the setting of increased 
inflammatory signals and oxidative 
stress, both of which can reduce the 
central synthesis of monoamine  

neurotransmitters. Increasing the 
synthesis of serotonin, norepinephrine, 
and dopamine with L-methylfolate 
(also known as 5-methyltetra- 
hydrofolate) may enhance the  
effectiveness of antidepressants that 
are dependent on adequate levels of 
these monoamines.34 

Role of Folate in Physiology and 
MDD Pathophysiology
Folate functions as a coenzyme or 
cosubstrate in the metabolism of  
amino acids, the conversion of  
homocysteine to methionine, and  
the synthesis of DNA and RNA.35 
Methylation of deoxyuridylate to 
thymidylate in the formation of DNA is 
required for proper cell division, and 
impairment of this reaction can lead 
to megaloblastic anemia, one of the 
hallmarks of folate deficiency. Folate 
also has a role in neurotransmitter 
synthesis in the brain.35 

L-Methylfolate, Monoamine  
Synthesis, and Inflammation
The conversion of dietary folate to 
L-methylfolate is a multi-step process.  
A key step in this process is the 
conversion of dihydrofolate to the 
bioactive form L-methylfolate by the 
enzyme methylenetetrahydrofolate 
reductase (MTHFR).34 L-Methylfolate  
is the only form of folate that crosses  
the blood-brain barrier and is  
immediately available for synthesis  
of serotonin, norepinephrine,  
and dopamine.36  

L-Methylfolate is the only 
form of folate that crosses 
the blood-brain barrier and 
is immediately available 
for synthesis of serotonin, 
norepinephrine, and  
dopamine.

L-Methylfolate is a cofactor in the 
metabolic pathway leading to  
the synthesis of monoamine  
neurotransmitters (Figure 3).  
L-Methylfolate modulates the  
formation of tetrahydrobiopterin (BH4), 
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Figure 3. Role of L-Methylfolate in the Synthesis of  
Monoamine Neurotransmitters.

BH2=dihydrobiopterin; BH4=tetrahydrobiopterin; LMF=L-methylfolate.

a critical cofactor for the synthesis 
of monoamines that activates the 
rate-limiting enzymes tyrosine  
hydroxylase for the synthesis of 
norepinephrine and dopamine and 
tryptophan hydroxylase for the  
synthesis of serotonin.34 During  
this process, BH4 is oxidized to  
dihydrobiopterin (BH2), which can  
be regenerated to BH4 through  
pathways supported by  
L-methylfolate.37 However, BH4  
is highly labile and is relatively  
unstable in the presence of  
inflammation and oxidative stress,  
resulting in its oxidation and  
irreversible degradation to dihydrox-
anthopterin (XPH2).37 Proinflammatory 
cytokines such as IL-6 have been 
shown to reduce BH4 in sympathetic 
neurons, and cytokine influences on 
BH4 through oxidative stress may 
be a mechanism for inflammation 
to reduce monoamine availability in 
important regions of the brain.37 

Association Between Folate  
and Depression
Research has demonstrated that low 
serum or red blood cell (RBC) folate 
levels are associated with increased 
risk for depression, more severe  
depressive symptoms, longer and 
more severe depressive episodes,  
no response to antidepressant  
therapy, lower probability of  
achieving remission, later onset  
of clinical improvement, and  

increased risk of depressive  
symptom relapse.38-41 

Low serum or RBC folate 
levels are associated  
with an increased risk  
for depression.

A meta-analysis of 43 studies that 
included 8510 persons with  
depression and 27,282 without  
depression was performed to identify 
an association with folate.38 The  
results showed that individuals with 
depression had significantly lower 
serum folate levels compared to those 
without depression; dietary intake of 
folate and serum folate levels  
differentiated those with depression 
from those without depression.38 All 
studied populations—adult, geriatric, 
perinatal, and child/adolescent—had 
significantly lower levels of serum  
folate than their nondepressed  
counterparts, although RBC folate 
levels did not identify a difference.  
The authors noted that, despite the 
large burden of disease and mortality 
associated with depression, the  
best available treatment modalities  
including antidepressant therapy 
are not effective for almost 60% of 
patients, which suggests that core 
underlying mechanisms of depression 
are not being targeted.38 They  
concluded that clinicians should  

consider folate supplementation for 
their patients, although additional 
research is warranted.38 

Genetic Polymorphisms Impair 
Conversion of Dietary Folate and 
Folic Acid to L-Methylfolate
The MTHFR gene encodes MTHFR.42 
Single nucleotide polymorphisms 
(SNPs) have been identified in  
MTHFR that are associated with  
impaired folate metabolism,  
lower plasma folate concentrations, 
changes in folate form distribution, 
and elevated plasma homocysteine 
concentrations, all of which have  
been correlated with MDD.42,43 One 
common SNP that reduces the activity 
of MTHFR is the C677T polymorphism 
of MTHFR, a point mutation with the 
substitution of the nucleotide cysteine 
for thymine at position 677, causing 
the substitution of the amino acid  
alanine with valine in the enzyme.44  
This SNP encodes a thermolabile 
MTHFR that is less active at higher 
temperatures.45 Individuals with 2 
copies of this variant tend to have 
lower serum folate levels compared to 
controls. More than 25% of Hispanics, 
up to 15% of North American  
Caucasians, and 6% of African  
Americans are estimated to be  
homozygous for the C677T variant. 
Supplementation with folate as folic 
acid, folinic acid, or L-methylfolate  
has been shown to reduce  
depressive symptoms in MDD.46  
Because L-methylfolate is not  
MTHFR-dependent regardless of a 
patient’s genotype,47 this formulation 
may offer advantages in depressed 
patients with a reduced-function  
MTHFR variant and decreased  
MTHFR activity.

Summary and Conclusions
MDD may be associated with  
increased neuroinflammation, which 
is known to interfere with monoamine 
turnover, possibly reducing the  
efficacy of antidepressant agents.
•  Depression is a complex  

heterogeneous disorder, the  
pathophysiology of which includes 
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diathesis (vulnerability)-stress,  
epigenetics, cellular (oxidative) 
stress, and neuroinflammation.

•  Pathogenetic mechanisms in  
depression include activation of  
the HPA axis (CRH-ACTH- 
glucocorticoid pathway); increase  
in sympathetic tone and  
proinflammatory cytokines;  
decreased BDNF with loss of  
neuroplasticity; and alterations in 
dopamine, serotonin, and  
epinephrine signaling.

•  Obesity and the leaky gut contribute 
proinflammatory cytokines to the 
underlying inflammatory process.

•  Inflammation and the associated  
increase in monoamine synthesis 
may result in reduced effectiveness 
of and increased resistance to  
antidepressant therapy.

•  Clinicians can consider obtaining  
CRP levels in their depressed  
patients to help rule out an  
underlying inflammatory process 
that may be contributing to the  
depressive disorder.

•  L-Methylfolate is a key cofactor in 
the metabolic pathway leading to 
synthesis of monoamine  
neurotransmitters, and reduced 
folate levels are associated  
with reduced levels of  
monoamine neurotransmitters.

•  SNPs may impair the functioning  
of MTHFR, thereby limiting the 
synthesis of L-methylfolate, which 
results in more treatment- 
resistant MDD.

•  Unlike other folate formulations, 
L-methylfolate is not MTHFR- 
dependent and may be a better 
choice in depressed patients with 
a reduced-function MTHFR variant 
and decreased MTHFR activity.

•  Deplin® is a branded form of 
L-methylfolate, the biologically 
active form of folate that crosses the 
blood-brain barrier to support the 
synthesis of monoamines. Dietary 
supplements containing folic acid  
or other forms of folate available  
over-the-counter (OTC) are not  
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Achieving sustained remission of 
major depressive disorder (MDD) 
with restoration of vocational and 
interpersonal functions is the primary 
objective of antidepressant therapy.1,2 
Failure to accomplish this therapeutic 
goal is associated with a high  
probability of relapse or recurrence,1 
the risk of which can be reduced 
with continuation therapy to preserve 
remission and maintenance therapy 
to prevent recurrence and enable 
recovery.2,3 Unfortunately, up to 70% 
of patients with MDD fail to achieve 
a complete remission of symptoms 
following initial antidepressant  
therapy4; and many who do remit 
experience relapse or recurrence,  
despite maintenance treatment.5 
Patients who fail their initial treatment 
often do not respond to a second 
antidepressant and frequently  
experience chronic depression and 
impaired psychosocial functioning.6 
Treatment-resistant depression— 
defined by the Food and Drug  
Administration (FDA) as MDD with  
an inadequate response to at least 2  
antidepressants given at adequate 
doses for an adequate duration during 
the current episode7—occurs in up 
to 30% of patients4 and is associated 
with a substantial burden of disease.  
Interventions that provide both  
short-term and sustained remission 
and subsequently reduce the impact 
of MDD on functioning and quality of 
life are critically needed.5 In addition, 
MDD is accompanied by a number of 
other, equally important needs (Table 1).

Options for Adjunctive  
Treatment of Depression
Strategies for the early management 
of patients with an inadequate  
response to antidepressant therapy  

The Clinical Evidence for 
L-Methylfolate (Deplin®) as Adjunctive 
Therapy for Patients With MDD

(including initial antidepressant  
therapy) include switching to another  
antidepressant, use of adjunctive 
therapy, or combining antidepressant 
modalities (eg, psychotherapy, electro-
convulsive therapy [ECT]).12 Adjunctive 
therapy may be more appropriate for 
patients with a partial response to the  
antidepressant and includes a  
multitude of treatment options.  
Clinicians should first consider the 
range of treatments with the best 
empirically based evidence, such as 
atypical antipsychotics (AAPs),  
esketamine, lithium, thyroid hormone 
(T3), vagus nerve stimulation,13  
transcranial magnetic stimulation,14 
ECT, and L-methylfolate.1,12,15  
Clinicians should always consider 
the risk-benefit ratio when choosing 
an adjunctive treatment, as many of 
these treatments are associated with 
adverse events.16 Among these  
treatment options, AAPs represent 
one of the few medication classes 
with treatment options that are  
specifically FDA-approved for  

adjunctive therapy in MDD. Unlike  
typical antipsychotics, which act 
almost exclusively on dopamine  
neurotransmission, AAPs theoretically 
work by modulating serotonin and 
norepinephrine as well as dopamine 
neurotransmission, which may explain 
the effectiveness of these agents  
in MDD.17 Adding an AAP to  
antidepressant therapy reduces 
depressive symptoms in patients with 
MDD,17,18 although the effect size 
is small and treatment-related side 
effects, including the possible risk of 
metabolic syndrome and movement 
disorders (eg, akathisia, tardive  
dyskinesia), can be moderate to  
severe.19 In clinical trials, intranasal  
esketamine provided clinically  
significant improvement of symptoms 
in patients with treatment-resistant de-
pression with a side effect profile that 
includes transient, mild to moderate 
side effects, including increased blood 
pressure, sedation, and dissociation 
during the treatment.20 

John Zajecka, MD

•  In patients with inadequate response, guidelines that address when to change antidepressants, use 
adjunctive treatments, or combine antidepressant therapies5,8  

• Treatments with a quicker onset and sustained efficacy 
•  Improved short- and long-term safety, tolerability, and side effect profiles of antidepressants and 

other interventions for unipolar depressive disorder3 
•  An understanding of the role of biomarkers to guide therapy for individual patients over time, in 

conjunction with clinical judgment5  
•  Ability to identify which empirically based interventions are capable of improving specific 

dimension/domain-based outcomes (eg, cognition, fatigue)9 
•  Improved patient and family education and collaboration with other healthcare professionals 

about treatment options, time to onset of response, side effects, and how to manage side effects 
at all stages of treatment3 

•  Alignment of expectations of treatment outcomes between patients and clinicians (eg, patients 
rank quality of life and positive affect higher, while physicians rank functioning and depressive 
symptoms higher)10 

•  Identification of clinical features and other variables (eg, racial, ethnic, cultural, and biomarkers) 
in the clinical presentation of MDD and response to treatment11 

Table 1. Unmet Needs in MDD.



L-Methylfolate, the biologically active 
form of folate that crosses the blood-
brain barrier,15 is also a potentially 
effective and well-tolerated option  
for adjunctive treatment of MDD. 
Studies conducted as early as the 
1960s identified an association  
between folate deficiency and  
depression,21 and patients with  
depression characteristically  
demonstrated low serum folate levels 
or decreased dietary folate intake 
compared to those without  
depression.22 In a study of 33 patients 
with treatment-resistant depression, 
36% had low cerebral folate deficiency,  
defined as normal blood levels of 
folate together with low cerebrospinal 
fluid levels of L-methylfolate.23  
Clinically, folate deficiency has been 
linked to an increased risk of  
depression with more severe  
symptoms, protracted episodes,  
lack of response to antidepressants, 
lower rates of remission, delayed  
clinical improvement, and greater  
risk of relapse.22 The use of folate or  
derivatives should be considered as 
adjunctive therapy for patients with 
MDD demonstrating an inadequate  
response to antidepressant treatment.22 
In order to cross the blood-brain 
barrier, folic acid must be converted 
to L-methylfolate. Conversion of folic 
acid to L-methylfolate is a multistep 
process, beginning with intestinal  
absorption of dietary folic acid (or 
dietary folate, which is hydrolyzed  
to folic acid in the gut prior to  
absorption). Unlike other folate  
formulations, L-methylfolate  
bypasses the multistep process  
required for the biosynthesis of 
L-methylfolate from dietary folic acid/
folate or folinic acid and is unaffected 
by functional gene-level mutations  
such as single nucleotide poly- 
morphisms (SNPs), which can disrupt 
this multistep process.24 In addition, 
L-methylfolate precursors (metabolites 
that may accumulate) may bind to 
folate transport receptors necessary 
for L-methylfolate to cross the blood-
brain barrier and limit the amount of 
L-methylfolate that can enter the  
central nervous system.25 The meta-
bolic steps in this process are  
summarized in Figure 1.

After crossing the blood-brain barrier, 
L-methylfolate modulates the  
formation of tetrahydrobiopterin (BH4), 
an essential cofactor that activates 
tyrosine hydroxylase for the  
synthesis of norepinephrine and  
dopamine and tryptophan  
hydroxylase for the synthesis of  
serotonin. BH4 is degraded to BH2 
during these enzymatic reactions, but 
it can be generated to BH4 through 
pathways supported by L-methylfolate.  
Note that BH4 is irreversibly degraded 
to XPH2 under conditions of  
inflammation and oxidative stress 
(Figure 1).26 This pathway is the core 
explanation for why DEPLIN can be of 
benefit to patients with an inadequate 
response to antidepressant therapy. 
L-Methylfolate appears to enhance 
synthesis and sustain optimal levels  
of serotonin, norepinephrine, and 
dopamine.25 Studies have shown  
that L-methylfolate can improve  
the response to antidepressants  
in patients with MDD who fail to 
respond to an adequate trial of an 
antidepressant.25 

Studies have shown that 
L-methylfolate can improve 
the response to anti- 
depressants in patients 
with MDD who fail to  
respond adequately.

What Is DEPLIN?
DEPLIN is a prescription medical  
food containing the bioactive form of 
folate, L-methylfolate, for the dietary 
management of depression and 
schizophrenia, and is specially  
formulated to meet the distinctive 
nutritional requirements of these  
conditions.27 DEPLIN has been  
extensively studied as adjunctive  
treatment for MDD in randomized  
and open-label clinical trials and 
real-world settings,1,5,15,28-30 and has 
been in clinical use for more than  
15 years.31 
Dietary supplements containing folic 
acid or other forms of folate available 
over-the-counter (OTC) are not  
subject to the same labeling and  
manufacturing regulations as are  
medical foods such as DEPLIN. The 
usual dose of DEPLIN is one 15-mg 
capsule daily, taken with or without 
food.27 The rationale for requiring a 
prescription for DEPLIN underscores 
the importance of medical monitoring  
of its use in patients with MDD and 
avoiding the potential negative  
outcomes of inadequately treated MDD.
Pharmacokinetic studies show  
that DEPLIN and folic acid are not 
interchangeable. In a study comparing 
the bioavailability of a single oral dose 
of 5 mg DEPLIN with that of a single 
oral dose of 5 mg folic acid in persons 
with homozygosity for the 677C→T 
mutation of methylenetetrahydrofolate 
reductase (a genetic polymorphism 
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Figure 1. Metabolic Steps Required for Folate Formulations to 
Cross the Blood-Brain Barrier. 
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that is common in people with  
depression and that can interfere with 
the metabolism of folate),24 DEPLIN 
was 7 times more bioavailable at peak 
concentration than folic acid.32 These 
results confirm that DEPLIN has a 
different pharmacokinetic profile than 
folic acid and is directly available  
following intestinal absorption,  
whereas folic acid first must be  
metabolized to tetrahydrofolate.32 

Short- and Long-Term Clinical 
Evidence Supporting DEPLIN 
Clinical evidence indicates that 
L-methylfolate supplementation 
should be used in patients with  
documented low levels of folate and 
its metabolites and as adjunctive  
therapy in patients who do not  
respond to traditional antidepressant 
therapies.22,25 The well-designed,  
rigorous, short- and longer-term  
clinical studies of DEPLIN in patients 
with MDD were conducted mainly at  
a dose of 15 mg daily.
The efficacy, safety, and potential role 
of biomarkers were evaluated in 2 
multicenter, randomized, double- 
blind clinical trials in adult patients 
with selective serotonin reuptake 
inhibitor (SSRI)-resistant MDD15; 2 
post hoc analyses of these trials5,29; 
a 12-month, open-label extension 
trial1; a real-world retrospective cohort 
study30; and a retrospective analysis of 

patient charts.28 Table 2 provides an 
overview of these studies.
In the first randomized, double-blind 
trial, 148 outpatients were enrolled 
in 2 consecutive 30-day periods and 
randomly assigned in a 2:3:3 ratio 
to receive adjunctive L-methylfolate 
(DEPLIN) for 60 days (7.5 mg/day 
for 30 days followed by 15 mg/day 
for 30 days), placebo for 30 days 
followed by DEPLIN (7.5 mg/day) for 
30 days, or placebo for 60 days, all 
with continued SSRI therapy.15 There 
was no significant difference observed 
in outcomes across the 3 treatment 
groups at the 7.5-mg dose. The 
second randomized, double-blind trial 
enrolled 75 outpatients and utilized 
the same design as the first study 
except the DEPLIN dose was 15 mg/
day during both 30-day periods. In the 
second trial, adjunctive DEPLIN at 15 
mg/day showed significantly greater 
improvement compared with placebo 
on both primary outcome measures 
(response rate and degree of change 
in depression symptom score on the 
28-Item Hamilton Depression [HAM-D] 
Rating Scale) and 2 secondary  
outcome measures of symptom 
severity. DEPLIN was well tolerated 
in both studies, with rates of adverse 
events no different from those  
reported for placebo. The investigators  
concluded that “15 mg/day, but  
not 7.5 mg/day, of adjunctive  

L-methylfolate may constitute an  
effective, safe, and relatively well 
tolerated augmentation strategy for 
patients with major depression who 
have had no response or a partial 
response to SSRIs.”15 

15 mg/day of adjunctive 
DEPLIN “may constitute  
an effective, safe, and  
relatively well tolerated 
augmentation strategy  
for patients with major  
depression who have had 
no response or a partial 
response to SSRIs.”15

Given the bidirectional relationship of 
inflammation to both depression and 
obesity, as well as the association 
between low folate status and MDD, 
2 post hoc exploratory analyses of the 
second randomized, double-blind trial 
were performed to assess the effect 
of 15 mg DEPLIN vs placebo as a 
function of baseline biomarker levels 
or genotype.5,29 The analyses focused 
on biomarkers of inflammation (eg, 
interleukin-8 [IL-8], tumor necrosis 
factor-alpha [TNF-α], high-sensitivity 
C-reactive protein [hsCRP]) and  
metabolic status (eg, obesity defined 
as body mass index [BMI] of ≥30,  
insulin, and the adipokine leptin),  

Study Design Patients Treatment Arms Primary Endpoint
Trial 115 Multicenter, randomized, double-blind  

(two 30-day phases) trial in SSRI-resistant MDD
N=148; ≥12 QIDS-SR, 
tx with SSRI ≥8 weeks 
(stable for ≥4 weeks)

• PBO → PBO
• PBO → 7.5 mg 
• 7.5 mg → 15 mg

•  Improvement in HAM-D17
•  Responsea rates according to 

HAM-D17
Trial 215 Multicenter, randomized, double-blind  

(two 30-day phases) trial in SSRI-resistant MDD 
N=75; ≥12 QIDS-SR, tx 
with SSRI ≥8 weeks
(stable for ≥4 weeks)

• PBO → PBO
• PBO → 15 mg 
• 15 mg → 15 mg

•  Improvement in HAM-D17
•  Responsea rates according to 

HAM-D17
Post hoc 
analyses5,29

Exploratory analyses evaluating effects of 
biological, inflammatory, and/or genetic markers 
on treatment response

N=74 — Effect of biomarkers on response 
to HAM-D28

Open-label 
extension1

12-month, open-label, extension trial of Trials 1 
and 2

N=68 15 mg Reduction in HAM-D17 score at  
12 months

Real-world 
study30

Retrospective cohort study evaluating patients 
prescribed DEPLIN

N=502 7.5 mg or 15 mg Reduction in PHQ-9 from baseline

aResponse defined as a reduction of ≥50% in HAM-D17 score during treatment or a final score of ≤7. HAM-D17=Hamilton Depression Rating Scale-17 item;  
HAM-D28=Hamilton Depression Rating Scale-28 item; MDD=major depressive disorder; PBO=placebo; PHQ-9=Patient Health Questionnaire; QIDS-SR=Quick Inventory  
of Depressive Symptomatology−Self-Rated; SSRI=selective serotonin reuptake inhibitor; tx=treatment.

Table 2. Overview of DEPLIN Clinical Trials in MDD. 



as well as genotypes of enzymes  
involved in folate metabolism.5,29 
The first post hoc analysis showed 
that adjunctive treatment with DEPLIN 
15 mg resulted in a significantly  
greater improvement (pooled mean 
change from baseline for HDRS-17) 
vs placebo in patients with elevated 
biomarkers suggestive of inflammation, 
including TNF-α, IL-8, and hsCRP, as 
well as obesity, defined as BMI of ≥30 
(Figure 2).29 These results remained 
significant even after correcting for 
obesity, indicating that the effects of 
the inflammatory biomarkers were  
significant independent of obesity.29 
This suggests that patients with  
obesity (BMI of ≥30) and elevated  
inflammatory markers (hsCRP, TNF-α, 
and IL-8) would show an increased 
response to DEPLIN. The randomized  
clinical studies demonstrated the 
overall benefit of DEPLIN, and its  
use should not be limited only to  
these populations. 

Patients with obesity (BMI of 
≥30) and elevated levels of  
inflammatory markers 
(hsCRP, TNF-α, and IL-8) 
showed an increased  
response to DEPLIN 15 mg, 
although treatment with  
DEPLIN for depression should 
not be limited to patients with  
these characteristics.

The second post hoc analysis  
confirmed the effect of elevated 
inflammatory biomarkers (hsCRP, 
S-adenosylmethionine [SAM]/S- 
adenosylhomocysteine [SAH] ratio,  
4-hydroxynonenal [4-HNE]) on 
treatment response with DEPLIN. In 
addition, despite a limited sample size, 
it showed that the presence of most 
(but not all) genetic polymorphisms 
related to folate metabolism also  
predicted a greater response  
to DEPLIN.5  
These 2 analyses suggest that the 
presence of certain inflammatory 
biomarkers and genetic markers may 
help identify patients with SSRI- 

resistant MDD who may be particularly 
responsive to adjunctive therapy with 
DEPLIN 15 mg.5 
The long-term efficacy, safety, and 
tolerability of DEPLIN 15 mg was 
investigated in a 12-month open- 
label extension of the 2 randomized, 
double-blind trials.1 Outcome  
criteria included response (≥50%  
improvement in the Hamilton  
Depression Rating Scale [HDRS-17]  
total score from the start of the 
double-blind study), remission (total 
HDRS-17 score of ≤7), recovery (≥6 
months of remission from the start 
of the open-label study), relapse 
(HDRS-17 score of >15 within 6 
months of achieving remission), and 
recurrence (HDRS-17 score of >15 
after 6 months of remission at the 
time of recovery). Sustained recovery 
was defined as recovery that was 
sustained through the final study visit 
at 12 months from the start of the 
open-label trial.1 

Patients continuing management of 
their condition with DEPLIN 15 mg 
after the double-blind acute therapy 
trial showed additional and sustained 
reduction in depression scores,  
indicating further improvement in  
depression symptoms over time 
(Table 3).1 
Overall, 61% of patients achieved 
remission and 38% achieved full  
recovery, which were sustained  
over the 12 months.1 Among non- 
responders at the end of the double- 
blind trial, 60% of 53 patients  
converted to remission and 26%  
converted to full recovery (statistical  
significance not reported). There were 
no recurrences in patients who  
recovered, no serious adverse events, 
and no discontinuations as a result  
of adverse events. As in the double- 
blind trials, DEPLIN had a safety 
and tolerability profile comparable to 
placebo.1 Despite the limitation of the 
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Figure 2. Post Hoc Analysis of DEPLIN 15 mg/day vs Placebo on 
Pooled Mean Change From Baseline for HDRS Stratified by  
Biomarkers and Obesity (BMI of ≥30) in 69 Patients With No or  
Partial Response to SSRI Monotherapy.29 

Table 3. Outcomes of Subjects in 12-Month Open-Label Phase of  
DEPLIN 15 mg (N=68).1 

Status at End of  
Double-Blind  
Acute Phase

Achieved  
Remission During 
Open-Label Phase

Achieved  
Recovery

Sustained  
Recovery

Remission (n=11) NA 91% (n=10) 100%

Response without  
remission (n=4)

75% (n=3) 50% (n=2) 100%

Nonresponse (n=53) 60% (n=32) 26% (n=14) 100%

Total 61% (n=35/57) 38% (n=26/68) 100%

ahsCRP levels above the median value of (log) 5.01 were considered to be associated with systemic inflammation. 
bPooled across study groups from 2 randomized clinical trials. BMI=body mass index; HDRS=Hamilton 
Depression Rating Scale; hsCRP=high-sensitivity C-reactive protein; TNF-α=tumor necrosis factor-alpha.

NA=not applicable. Adapted with permission.1
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open-label study design, the authors 
concluded that DEPLIN may be an 
early option in patients who do not 
respond adequately to antidepressant 
monotherapy.1 

Patients in the long-term 
(12-month) extension  
trial showed additional and 
sustained reductions in 
depressive symptoms with 
DEPLIN 15 mg/day. As 
in the double-blind trials, 
DEPLIN had a safety  
and tolerability profile 
comparable to placebo.

A real-world retrospective cohort 
study evaluated 554 patients with 
MDD, 502 of whom received DEPLIN 
along with their antidepressant for 
3 months (adjuvant therapy) and 52 
of whom were treated with DEPLIN 
alone (monotherapy).30 Depressive 
symptoms, quality of life, and med-
ication satisfaction were assessed 
with the self-reported Patient Health 
Questionnaire-9 (PHQ-9).30 In this 
clinical setting, patients who received 
adjunctive DEPLIN along with their 
antidepressant achieved statistically 
significant improvements in depressive 

symptoms, quality of life, and  
functioning and reported greater  
satisfaction with DEPLIN compared 
with their previous medication. 
Overall, the response rate was 67.9% 
and the remission rate was 45.7%, 
with a compliance rate of >90%. 
Interestingly, treatment response rates 
were similar for patients who took 
DEPLIN as monotherapy or  
adjunctive therapy.30 
A retrospective chart review compared 
outcomes in 242 patients with MDD 
and a Clinical Global Impression– 
Severity (CGI-S) score of 4 to 5, 147 
of whom were treated with an SSRI 
or a serotonin and norepinephrine 
reuptake inhibitor (SNRI) alone and 95 
with an SSRI or SNRI plus DEPLIN 7.5 
mg or 15 mg daily.28 DEPLIN-treated 
patients showed a significantly greater 
improvement in CGI-S scores at 60 
days and a significantly more rapid 
improvement at both doses with  
no between-group difference in  
adverse events.28  

Appropriate Patient Types for 
DEPLIN Therapy 
Based on the results of these studies 
and other factors, what are the patient 
selection criteria for DEPLIN in MDD? 
Data from clinical trials show that  
DEPLIN is effective adjunctive therapy 

for MDD in patients who have had  
no or only partial response to  
antidepressant treatment.5,28,30 The 
data also show that DEPLIN is  
beneficial for long-term use,1 with 
no significant differences in adverse 
events compared to placebo and 
none of the adverse events associated 
with other adjunctive agents, such  
as weight gain or movement  
disorders.1,15,28 
Evidence suggests specific patient  
selection criteria include obesity,  
clinical and/or laboratory evidence  
of inflammation or an underlying 
inflammatory process, and/or certain 
polymorphisms of genes regulating 
folate metabolism (Table 4).5,29 In  
addition, a number of factors and  
conditions can lead to low folate 
states, and patients who have  
MDD with certain clinical profiles 
particularly may benefit from DEPLIN. 
These profiles are summarized in  
Table 4 and include medications  
such as anticonvulsants, antibiotics, 
methotrexate, and oral contracep-
tives.24 Tailoring the assessment for 
these factors should involve a current 
and prospective monitoring of the 
medical illness, other newer treat-
ments, and possibly laboratory or 
genetic markers.

• No or partial response to antidepressant therapy15,28,30

• Obesity29 

• Clinical evidence of a chronic inflammatory state or a disorder associated with inflammation5,29 

• Biomarkers suggestive of an inflammatory process5,29 
• Systemic metabolic disorders (eg, diabetes,33 cardiovascular disease34)
• Gut dysbiosis35 

• Functional polymorphism(s) of folate metabolism genes5,24,32 
•  Concurrent use of medication known to reduce folate levels and/or inhibit dihydrofolate reductase, which is required for 

the first conversion step of both dietary folate and folic acid supplements to L-methylfolate
– Antibiotics24 

– Anticonvulsants used as mood stabilizers (valproate, lamotrigine)24,25 

– Metformin36

– Oral contraceptives37

– Methotrexate and other folic acid antagonists24

•  Need to avoid side effects of AAPs16 and/or not candidates for esketamine
•  Alcohol abuse24,38

•  Preference for nutritional products with perceived holistic/wellness health benefits16 

Table 4. Patients With MDD Who May Benefit From DEPLIN (But Not Limited to These Patients).



When there is an inadequate response 
to current antidepressant therapy, 
clinicians are encouraged to consider 
assessing for the multiple factors  
that may contribute to the lack of 
achieving and sustaining remission, 
including the impact of potentially 
modifiable factors, genetics, and  
inflammation (eg, obesity), and  
continue to monitor and tailor  
treatment to the individual’s needs 
over time.

Summary and Conclusions
Up to 70% of patients with MDD 
experience an inadequate response to 
antidepressant therapy, and many are 
unable to tolerate adjunctive therapy 
with AAPs. DEPLIN is a prescription 
medical food, and it is 7 times more 
bioavailable at peak concentrations 
than OTC/supplement folic acid. 
Clinical studies support its use as 
adjunctive therapy across a range of 
patients with MDD with no response 
or a partial response to antidepressant  
monotherapy. These studies also 
suggest that obesity and biomarkers 
of inflammation may be predictive of a 
greater response to DEPLIN. DEPLIN 
is effective for short- and long-term 
use in this setting, with a favorable 
tolerability and safety profile  
characterized by no significant  
differences in adverse events  
compared with placebo and none of 
the adverse events associated with 
some other adjunctive agents for 
MDD. Therefore, clinicians should 
consider the use of DEPLIN early in 
the course of treatment or whenever 
there may be an inadequate response 
to antidepressant therapy.
_________________________________
Dr Zajecka is Professor of Psychiatry 
and Director of the Woman’s Board 
Depression Treatment Research Center 
at Rush University Medical Center in 
Chicago, Illinois.
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Chief Complaint
Mr A, a 53-year-old man, was referred by his primary 
care physician after partial response to escitalopram. 
Current MDE is 4 months.

History of Present Illness
•  Patient reports significant anhedonia, insomnia, fatigue, 

low motivation, difficulty concentrating at work, feelings of 
hopelessness, financial and family health concerns, and 
mildly increased appetite with cravings for sweets 

•  First MDE occurred during graduate school; treated with 
counseling only 

•   Second MDE occurred about 10 years later, precipitated 
by stress at work and home; treated with fluoxetine for  
6 months with a good response

•  Third MDE occurred about 8 years later, precipitated  
by a financial crisis; treated for 12 months with only a 
partial response 

•  Current MDE; treated with escitalopram 10 mg/day;  
dose was increased to 20 mg/day after 4 weeks with  
only minimal improvement

Other Medical Conditions
•  Obesity (BMI=33)
•  Mild hypertension 
•  Type 2 diabetes 
•  Hyperlipidemia 

Family/Social History
•  Married financial analyst with 2 adult sons and a  

supportive wife
•  Mother and a maternal uncle have a history  

of depression

•  Two paternal aunts have a history of alcohol abuse
•  Family history of type 2 diabetes, hypertension,  

hyperlipidemia, and hypothyroidism
•  Non-smoker; moderate social drinker; does not  

abuse drugs

Workup/Evaluation 
Exam reveals an overweight man with mild  
psychomotor retardation and decreased attention  
and concentration. Gives short answers and  
sometimes needs to be reminded of questions. He has 
dark circles under eyes. Reports some hopelessness 
but denies suicidal ideation or intent. No psychotic or 
manic symptoms. Displays good insight. Orientation  
and memory are intact.
•  PHQ-9=19 (moderate-to-severe depression)
•   GAD-7=5 (mild anxiety)
•  Laboratory tests (including thyroid function tests)  

normal, except for
 – Elevated hsCRP
 –  Genetic testing (folate metabolism screening panel) 

identified the MTHFR CT variant and the MTR 
A2756G variant

Current Medications
• Amlodipine  
• Rosuvastatin   
• Fish oil
• Losartan
• Metformin
• Coenzyme Q10

Mr A

BMI=body mass index; GAD-7=Generalized Anxiety Disorder-7; hsCRP=high-sensitivity C-reactive protein; MDD=major depressive disorder;  
MDE=major depressive episode; MTHFR=methylenetetrahydrofolate reductase; PHQ-9=Patient Health Questionnaire-9; SSRI=selective serotonin  
reuptake inhibitor.

“It’s been hard for me to get going. I just 
want to lie down all day, and I can’t get 
much sleep at night.”
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This case exemplifies what I would call the “ideal” or obvious candidate for 
Deplin®. The patient is a partial responder to an SSRI, which is the population 
studied in Papakostas et al1 (study reviewed in article 2 by Dr Zajecka in this 
supplement). Mr A also has markers of metabolic dysregulation (BMI ≥30), 
inflammation (hsCRP ≥2.25 mg/L), and a genetic predisposition (MTHFR T 
allele [CT or TT] and MTR A2756G variant) that are predictive of an enhanced 
response to DEPLIN.2,3 In addition, he has obesity and type 2 diabetes, 
both of which are associated with an increased risk for depression. In fact, 
the relationship between depression and diabetes is bidirectional.4 I was 
concerned about using an atypical antipsychotic due to the risk of weight gain, 
metabolic disturbance, and tardive dyskinesia.
In addition to obesity, diabetes, and the MTHFR CT variant, Mr A has other 
risk factors for low L-methylfolate due to interference with enzymes in 
the conversion from folate to the biologically active L-methylfolate. These 
include age, regular use of alcohol, and poor nutrition.5,6 In addition, certain 
medications can interfere with enzymes in this pathway, including the 
metformin that he takes for diabetes.7 
Optimal care of patients with MDD calls not only for judicious use of 
psychopharmacologic agents but also implementation of various dietary and 
lifestyle interventions. For example, I referred Mr A to a nutritionist as he had 
an unhealthy diet, which clearly contributed to his obesity and, as a result, 
to his inflammatory profile. I also recommended an exercise regimen with a 
goal of at least 30 minutes of aerobic activity no less than 3 times/week. The 
goal was to reduce his BMI to <30, which has been shown to decrease the 
risk for depression.8 Exercise also increases blood flow to the brain, which 
may produce an anti-inflammatory effect as well as increase the release of 
endorphins and endocannabinoids.  
After adding DEPLIN 15 mg/day as part of his overall therapy, Mr A reported 
gradual improvement. After 4 weeks, he began to feel more optimistic, was 
more engaged in his work, and interacted more with his family. At the 8-week 
follow-up visit, he reported an increased interest in activities of daily living.  
“I feel more on top of things.” He continued to have some mild fatigue, 
insomnia, and anxiety, but these symptoms were much less troublesome  
than previously.

Andrew Cutler, MD 
__________________________________________________________________________
Dr Cutler is Clinical Associate Professor of Psychiatry at SUNY Upstate Medical 
University in Syracuse, New York.
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Chief Complaint
Ms R, a 35-year-old woman, was referred by a friend. 
She was started on sertraline by her primary care  
physician 4 months ago with minimal response for  
depression but some decrease in anxiety. Current  
MDE is 8 months. 

History of Present Illness
•  Patient reports feeling stressed and anxious about 

COVID-19 and worrying about many different things. 
Symptoms include depressed mood, anhedonia, fatigue, 
lack of motivation, insomnia, decreased appetite, 
feelings of worthlessness, and guilt, mostly related to  
her roles as a wife and mother

•  First MDE at age 16 after breakup with boyfriend;  
no treatment

•  Second MDE at age 22 after another breakup; treated 
with sertraline by her gynecologist and psychotherapy, 
where she also dealt with sexual abuse and  
relationship issues

Family/Social History
•  Married with 2 daughters ages 6 and 8 years old 
•  Difficult childhood with emotionally abusive, alcoholic 

stepfather; subjected to sexual abuse at age 10 to 12 
years by her stepfather’s brother

•  Mother has a history of anxiety and depression
•  Biological father has a history of alcohol and  

drug abuse
•  Smokes 1 pack of cigarettes daily; marijuana several  

times a week since her early 20s to help control 
anxiety; and has increased her alcohol use during the 
pandemic, currently drinking vodka most afternoons 
and evenings

Workup/Evaluation 
Exam reveals a thin, anxious woman who is fidgety. 
Not manic or psychotic. Admits to feeling hopeless 
and worthless, but no suicidal ideation or intent. Good 
insight. Orientation and memory are intact.
•  PHQ-9=22 (severe depression)
•  GAD-7=14 (moderate anxiety)
•  Meets DSM-5 criteria for GAD and for moderate  

alcohol use disorder, but not for BPD, OCD, panic 
disorder, SAD, or PTSD

•  Diagnoses: MDD, recurrent, severe, without  
psychotic features; GAD, partially treated; and  
alcohol use disorder

Current Medications
• Sertraline
• Oral contraceptives 

Ms R

BH4=tetrahydrobiopterin; BPD=bipolar disorder; GAD=generalized anxiety disorder; GAD-7=Generalized Anxiety Disorder-7; MDD=major depressive 
disorder; MDE=major depressive episode; OCD=obsessive-compulsive disorder; PHQ-9=Patient Health Questionnaire-9; PTSD=post-traumatic stress 
disorder; SAD=seasonal affective disorder; SSRI=selective serotonin reuptake inhibitor.

“I used to do arts and crafts and other fun 
stuff with my kids, but now I just lie on the 
couch and let them watch TV or play video 
games. I feel like such a bad mother.”
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Ms R is a good candidate for Deplin® for several reasons. First, clinical studies 
support the adjunctive use of DEPLIN in patients with a partial or inadequate 
response to SSRIs,1 and, accordingly, it should be considered in this clinical 
setting. DEPLIN is L-methylfolate, the biologically active form of folate. It is 
a cofactor in the synthesis and release of the monoamine neurotransmitters 
serotonin, norepinephrine, and dopamine through the regeneration of BH4,2 
which may explain how DEPLIN works in depression overall (see discussion 
of folate physiology in article 1 by Dr Holmes in this supplement). This patient 
has a history of childhood trauma and adversity, which are associated with 
increased inflammatory cytokines and risk of depression in adulthood.3 
Inflammation and oxidative stress lead to the degradation of BH4, which is 
reversed by L-methylfolate.4 This helps explain the greater response to DEPLIN 
observed in MDD patients with evidence of inflammation.5 L-Methylfolate 
also acts as a methyl donor for DNA methylation, a process necessary for 
epigenetic gene silencing, which can be disrupted in patients with childhood 
adversity or inflammation.6 Finally, L-methylfolate is central to one-carbon 
metabolism, which is involved in anti-inflammatory and anti-oxidative 
processes.7,8 For these reasons, DEPLIN is an especially good choice for  
MDD patients with a history of adversity or trauma.
Ms R also illustrates another rationale for the use of DEPLIN. She uses alcohol 
and tobacco, both of which can interfere with the conversion of folate to 
L-methylfolate.9 In addition, she suffers with chronic stress and anxiety, which 
can also cause inflammation and predispose to depression.10 DEPLIN may be 
a particularly good choice for MDD patients who use alcohol and/or tobacco 
and for those with chronic stress. 
After 4 weeks of adjunctive treatment with DEPLIN, Ms R reported some 
improvement in her mood and feeling a little more optimistic, together with 
what appeared to be a brighter and less anxious affect, although she still had 
difficulty initiating activities with her daughters. After 8 weeks, she reported 
additional gradual but significant improvement in most of her symptoms, 
including feelings of worthlessness and guilt. She also resumed creative 
activities with her daughters and noted that she had more energy, although 
“not completely back to normal,” and was trying to decrease her alcohol use 
with some success. “I don’t feel like I need a drink every day anymore.” She 
did continue her chronic marijuana and tobacco use, however. She plans to 
continue to take sertraline and adjunctive DEPLIN to prevent another MDE.11

Andrew Cutler, MD 
___________________________________________________________________
Dr Cutler is Clinical Associate Professor of Psychiatry at SUNY Upstate Medical 
University in Syracuse, New York.
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