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Abstract

Anxiety disorders represent a significant global mental health burden, manifesting as persistent
psychological distress and physiological dysregulation. While the etiology of anxiety is
multifactorial, nutritional psychiatry increasingly identifies the B-complex vitamins, especially the
Pyridoxine (B6), Folate (B9), and Cobalamin (B12), as importantregulators of the brain pathways
involved in maintaining emotional stability. This review paper analyses current evidence regarding
the incidence of anxiety symptoms in relation to the deficiency of B-complex vitamins. This paper
interprets the biochemistry behind B-complex vitamins and how they regulate neurotransmission.
Vitamin B6 serves as an essential cofactor for glutamic acid decarboxylase (GAD). This enzyme
facilitates the conversion of excitatory glutamate into inhibitory gamma-aminobutyric acid (GABA).
In some papers, high-dose of B6 supplementation has proven to reduce anxiety by strengthening
inhibitory neural signalling. At the same time, Vitamins B9 and B12 are indispensable for one-carbon
metabolism. They support the methylation reactions necessary for the synthesis of serotonin,
dopamine, and norepinephrine. Deficiencies of these micronutrients lead to the accumulation of
homocysteine (a neurotoxic metabolite which is linked to the N-methyl-D-aspartate receptor
overstimulation as well as cerebrovascular damage). This paper further examines how dietary
patterns, specifically the contrast between nutrient-dense Mediterranean diet and the B-vitamin-
depleted Western diet, and their impact on the incidence of anxiety. By analysing health data from
various population groups this review underscores the significant correlation between B-vitamin
status and the prevalence of anxiety. The findings suggest that targeted nutritional interventions such
as the Mediterranean dietwhich prioritizes bioavailability and whole-food sources represent a viable,
low-risk strategy for the management of anxiety symptoms.
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1. Introduction

The global burden of anxiety disorders has seen a rapid rise over the last fewyears, placing an
unprecedented strain on public health and individual quality of life. Within the clinical domain,
anxiety is characterized not merely as a temporary emotional state but as a chronic dysregulation of
the central nervous system (CNS). It involveshigh sensitivity to stress, cognitive biases toward threat,
and symptoms such as tachycardia and muscle tension.® While pharmaceutical interventions remain
the primary line of treatment, their efficiency is often hampered by side effects and non-
responsiveness.? Over a period of time, it is observed thatthe practitioners have turned toward
nutritional psychiatry as a modifiable approach for both the prevention and adjunctive treatment of
anxiety.?

Nutritional psychiatry operates on the premise that the brainrequires a consistent supply of specific
micronutrients to maintain the structural and functional integrity of its neural networks.* Among the
most critical of these micronutrients are the B-complex vitamins. They are a family of eight water-
soluble compounds that act as essential coenzymes in hundreds of enzymatic reactions.* Unlike fat-
soluble vitamins, the B-complex group is not stored in substantial quantities in the body, with the
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exception being Vitamin B12 in the liver. Hence, it necessitates the continuousdietary repletion of
these vitamins.®

Among the B-complex vitamins, the‘triad’ of Pyridoxine (B6), Folate (B9), and Cobalamin (B12) is
particularly relevant to the regulation of anxiety. These vitamins intersect at critical metabolic
junctions, including the one-carbon cycle and the kynurenine pathway, governing the production and
degradation of every major neurotransmitter involved in mood regulation.* Understanding the
incidence of anxiety in relation to these deficiencies requires a deep dive into the biochemical
mechanisms that maintain the balance between neural excitation and inhibition.

2. Biochemical Roles of B-Complex Vitamins in the Nervous System

2.1 Vitamin B6 (Pyridoxine)
Vitamin B6 occupies a unique position in neurochemistry as the primary cofactor in the synthesis of
the brain's principal inhibitory neurotransmitter, gamma-aminobutyric acid (GABA).! The
biologically active form of Vitamin B6, namely pyridoxal 5'-phosphate (PLP), functions as an
essential coenzyme for glutamic acid decarboxylase (GAD). Vitamin B6 and GAD enzyme converts
L-glutamate into GABA.®

GAD + Vitamin B6

Glutamate » GABA + CO2
The synthesis of GABA from glutamate occurs via a decarboxylation reaction catalysed by GAD. In
this process, PLP binds to the enzyme and forms a Schiff base intermediate with the substrate,
thereby lowering the activation energy required for the removal of the carboxyl group
fromglutamate.® Since GAD is highly sensitive to the availability of PLP, even a borderline
deficiency of Vitamin B6 can significantly disrupt GABA synthesis which leads to a state of neuronal
hyper excitability. This compromises the brain’s primary mechanism for dampening glutamate-driven
excitatory signalling via GABA.! Clinical studies have consistently demonstrated that reduced GABA
levels are a hallmark of generalized anxiety disorder (GAD), panic disorder, and social phobia.*
(Table 1)

Neurotransmitter | Physiological Function Vitamin B6 Involvement

Glutamate Primary excitatory Precursor to GABA; excess
neurotransmitter; promotes leads to excitotoxicity and
wakefulness and signalling. anxiety.

GABA Primary inhibitory B6 (as PLP) is the essential
neurotransmitter; promotes sedation | cofactor for its synthesis via
and neural stability. GAD.

Serotonin Regulates mood, sleep, and B6 is a cofactor for AADC
emotional response. (Aromatic L-amino acid

decarboxylase)

Dopamine Governs motivation, reward, and B6 (as PLP) is required for the
motor control. conversion of L-Dopa to

dopamine.

The therapeutic potential of Vitamin B6 was highlighted in a randomized controlled trial (RCT)
where participants receiving 100mg/day of B6 experienced a notable improvement in anxiety
symptoms.” This dose is approximately 50 times the recommended dietary allowance (RDA), and
helps to shift the metabolic balance toward GABA production.” Researchers have confirmed this
effect through visual contrast sensitivity tasks measuring "surround suppression,” a GABAergic
process that was significantly strengthened in the B6 group.* This provides evidence that B6
supplementation directly enhances the inhibitory tone of the brain, effectively "quieting™ overactive
neural circuits associated with anxiety.’
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2.2 Vitamins B9 (folate) and Vitamin B12 (cobalamin)

Vitamins B9 (folate) and B12 (cobalamin) are essential for the broader one-carbon metabolism cycle,
which supports DNA methylation and monoamine synthesis.* At the centre of this cycle is the
conversion of the amino acid homocysteine into methionine.® This reaction is catalyzed by the
enzyme methionine synthase, which requires both methylcobalamin (active form of Vitamin B12) as
a cofactor and 5-methyltetrahydrofolate (active form of Vitamin B9) as a methyl donor.®

. Methionine Synthase, B12 ..
Homocysteine + 5-Methyl-THF ,Methionine + THF

Methionine is a prerequisite for the production of S-adenosylmethionine (SAMe), the universal
methyl donor.'® SAMe is essential for the synthesis and regulation of dopamine, norepinephrine, and
serotonin.? A deficiency in either Folate or Vitamin B12 results in a metabolic stall, leading to a
depletion of these critical neurotransmitters and a subsequent increase in anxiety symptoms.*2
Impaired remethylation of homocysteine, resulting from deficiencies in Vitamin B9 (folate) or
Vitamin B12, leads to its accumulation in the bloodstream, a condition known as
hyperhomocysteinemia.® Elevated homocysteine functions as a potent agonist of the N-methyl-D-
aspartate (NMDA\) receptor, thereby enhancing excitatory neurotransmission.® Excessive activation of
these receptors induces a marked influx of calcium ions into neurons, which further triggers oxidative
stress and mitochondrial dysfunction.® This heightened excitatory state reduces the threshold for
stress responsiveness, predisposing individuals to sustained nervous system hyperarousal.® Moreover,
elevated homocysteine contributes to endothelial dysfunction and damage within the cerebral
microvasculature, compromising oxygen and nutrient delivery to key brain regions involved in
emotional regulation, including the prefrontal cortex and the amygdala.*?

3. The Kynurenine Pathway and the Psychoimmunology of Stress

Another critical pathway through which B-complex vitamins regulate anxiety is the kynurenine
pathway. It is the primary route required for the metabolism of amino acid- tryptophan.'® Under stress
conditions or inflammation, only a small fraction of available tryptophan is converted to serotonin,
while the major portion is metabolized into kynurenine.3

Vitamin B6 plays a pivotal role here as a cofactor for the enzyme kynureninase.'® In a state of
Vitamin B6 deficiency, kynurenine metabolism is shifted away from the production of NAD+ and
toward the accumulation of neurotoxic metabolites such as quinolinic acid.*® Quinolinic acid is a
potent NMDA receptor agonist and a known "anxiogen™ (a substance that induces anxiety).*® This
"tryptophan stealing” mechanism simultaneously depletes the brain of serotonin while increasing the
concentration of anxiety-inducing metabolites, creating a biological environment prone to anxiety
disorders.*

4. Role of Diet and Nutritional Resilience

From a clinical nutrition perspective, the incidence of anxiety is profoundly influenced by overall
dietary patterns and the bioavailability of B-vitamins within those frameworks. As dietitians, we
observe that the "Western Diet" is characterized by high consumption of extra-processed foods,
refined sugar, and saturated fat is inherently depleted of the essential B-vitamin triad (Vitamin B6,
Vitamin B9 and Vitamin B12). High consumption of these processed foods has been associated with
an increased risk of anxiety symptoms.

In contrast, the Mediterranean diet, characterized by whole grains, legumes, nuts and seeds, leafy
greens, provides a rich source of Vitamin B9, Vitamin B6, and Vitamin B12. This diet pattern, if
followed, is inversely associated with the severity of anxiety symptoms across various age groups.
The nutritional density of the Mediterranean diet facilitates an efficient homocysteine clearance and
neurotransmitter synthesis compared to the Western diet, which may trigger inflammation and
cytokine release, that may disrupt the blood-brain barrier and exacerbate symptoms of psychological
distress.
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Bioavailability also plays a critical role in nutritional management. Food selection is more
importantthan simple nutrient counting. Further, the transition toward plant-based diets, while it is
environmentally beneficial, requires careful management. Up to 40% of vegetarians and 62% of
vegans exhibit B12 deficiency without appropriate fortification or supplementation.

5. An Analysis of B-complex Vitamin Status and Anxiety
The correlation between B-complex vitamin status and anxiety symptoms varies significantly across
different groups. Healthcare workers, particularly nurses, represent a high risk. A study of nurses
found that those with inadequate intake of Vitamins B6 and Vitamin B12 were more likely to
experience emotional distress and mental disorders, with an adjusted odds ratio of 20.06 for B6
deficiency.*
Adolescence and the perinatal period are similarly vulnerable. In adolescents, serum Vitamin B12
levels are negatively correlated with the severity of anxiety. This suggests that the suboptimal status
during these developmental stages can lower the boundary point for psychological distress.
Among pregnant women, deficiencies in Vitamin B9 and Vitamin B12 are linked to increased risk of
perinatal mood regulation issues, as the physiological demand for these vitamins often exceeds
standard dietary intake.

(Table 2)
Population Prevalence of Psychological Correlation with B-
Distress Vitamin Status
Nurses (Indonesia) | 22.5% Emotional disorders High correlation with
inadequate B6 and B12
intake.*
Adolescents 14.3% Worldwide (WHO) B12 levels negatively
correlated with anxiety
severity.'®
Pregnant Women 10-30% PPD/Anxiety Deficiency linked to
homocysteine buildup and
mood dysregulation.
Elderly 10-38% B12 deficiency prevalence | B12 status linked to
cognitive decline and late-
life distress.®

6. Metabolic Interdependence and Bioavailability of B-Complex Vitamins
B-complex vitamins do not work in isolation, instead they function together within a highly
integrated metabolic web. For example, Vitamin B6 and magnesium work together. Magnesium is
required for the conversion of Vitamin B6 into its active form. A combination of both magnesium and
Vitamin B6 has shown to be more effective at reducing stress and anxiety than magnesium alone.’

A critical ‘brake point’ in clinical application is the dependency on synthetic forms of these vitamins
(such as folic acid and cyanocobalamin). These compounds require multiple enzymatic conversions
to become bioactive. This process can be inefficient in many individuals. Naturally derived and
methylated forms (like L-methylfolate (5-MTHF) and methylcobalamin) canavoid these obstructions
and get more readily utilized by the central nervous system (CNS), often showing betterresults in
reducing anxiety and fatigue.

Repletion of these vitamins is essential. Their transition to high-dose therapeutic treatment must be
managed. Vitamin B6 is the only B-vitamin with significant toxicity risks.Chronic intake exceeding
200mg/day can lead to sensory neuropathy. Conversely, Vitamin B12 is non-toxic as excess is
excreted from the body. High folate intake can mask Vitamin B12 deficiency allowing neurological
damage to progress. As dietitians, we prioritize a ‘food first’ or ‘food as first-aid” approach wherever
possible, utilizing target supplementation only when dietary repletion is insufficient to meet
metabolic demands.
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7. Conclusion

The relationship between B-complex vitamins and anxiety is rooted in the brain’s biochemical
function, to sustain normal brain functioning. The B-complex vitamin "triad" serves as the metabolic
engine to maintain neurotransmitter homeostasis. Vitamin B6 acts as the primary "brake" on neural
excitation via GABA, while Vitamin B9 and Vitamin B12 provide the "fuel” for monoamine
production and methylation.

The incidence of anxiety is closely tied to functional status. In people who experience high levels of
stress, their metabolic demand for B-complex vitamins exceeds their standard dietary intake, creating
a state of deficiency of these vitamins. Nutritional interventions whichprioritize bioactive forms and
focus individual dietary patterns by eliminatingthe B-vitamindepleted ultra-processed foods and
moving toward more nutrient-dense whole foods will offer a promising strategy for reducing the
global burden of anxiety. Future research should continue to explore multi-nutrient synergies and the
long-term impact of dietary modification on emotional resilience.
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