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Abstract

Vitamin B6 is hydrophilic and plays a crucial role in various metabolic processes. It acts as a cofactor
in different enzymatic reactions. Vitamin B6 exists in various forms, including pyridoxal 5'-phosphate
(PLP), the most active form. Vitamin B6 is essential for amino acid metabolism, such as PLP is
essential for transamination, the process of transferring amino groups between amino acids. This is
vital for synthesizing non-essential amino acids and breaking down amino acids for energy. It helps
in the synthesis of neurotransmitters, such as vitamin B6 is involved in removing carboxyl groups from
amino acids, leading to the formation of important molecules like neurotransmitters (serotonin,
dopamine, norepinephrine, GABA) and histamine, glucose regulation, immune function, and
haemoglobin formation. PLP is crucial for the synthesis of heme, the iron-containing part of
hemoglobin that carries oxygen in red blood cells. Adequate vitamin B6 is necessary to prevent certain
types of anemia. Various foods are a good source of vitamin B6, and deficiency can manifest in
symptoms such as anaemia, neurological abnormalities, and dermatitis. Certain conditions, such as
kidney disease and alcohol dependence, can increase the risk of deficiency. This review summarizes
the key functions, dietary sources, deficiency risks, and health implications of vitamin B6. The review
also shows the Vitamin B6 association with cancer and cardiovascular disease. The recommended
daily allowance of Vitamin B6 (Pyridoxine) is also shown in different age groups of people. The
interaction of Vitamin B6 and specific medication was evaluated in the current review. The
comprehensive review on vitamin B6 reveals that low vitamin B6 concentrations are linked to
autoimmune diseases such as arthritis. Vitamin B6 can act as an antioxidant by scavenging reactive
oxygen species and reducing the formation of advanced glycation end products.
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INTRODUCTION
Vitamin B6 encompasses a set of different compounds that share similarity in structure: pyridoxine
(PN), pyridoxal, and pyridoxamine. The body does not have the necessary mechanisms to create
these compounds and their derivatives (5'-phosphorylated forms), and they can only be obtained
through dietary intake. In animal foods, pyridoxal 5'-phosphate (PLP) and pyridoxamine 5'-phosphate
(PMP) are the most abundant forms; conversely, pyridoxine 5'-phosphate (PNP) is the principal form
in plant-based foods. Vitamin B6, a water-soluble
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form, which is then absorbed through passive transport (diffusion) [2]. Furthermore, Vitamin B6
contributes to cognitive function by aiding in neurotransmitter synthesis and helps regulate
homocysteine levels in the blood. It also supports glucose production (gluconeogenesis), glycogen
breakdown (glycogenolysis), immune system function by promoting lymphocyte and interleukin-2
production, and the formation of hemoglobin [3].

Assessing vitamin B6 levels in the body can be achieved through both direct and indirect methods.
Direct measurement involves quantifying the concentrations of PLP, or total vitamin B6, in biological
samples like red blood cells (RBCs) or urine.

The recommended dietary allowances (RDAs) for vitamin B6 are detailed in Table 1. For infants up
to 12 months, an adequate intake (Al) level, based on the average intake of healthy, breastfed infants,
has been established by the Food and Nutrition Board (FNB).

Vitamin B6 is prevalent in a diverse range of foods [4]. In the United States, common dietary sources
for adults include fortified cereals, beef, poultry, starchy vegetables, and certain non-citrus fruits [5].
Approximately 75% of vitamin B6 from a mixed diet is bioavailable. The Table 1 of selected food
sources further highlights the diverse dietary sources of vitamin B6.

DIETARY SUPPLEMENTS
Vitamin B6 Intakes and Status

A significant percentage of the US population, specifically around 25% of non-supplement users and
10% of vitamin B6 supplement users, show deficient plasma PLP levels [6, 7]. Regardless of
supplement use, women exhibited significantly lower plasma PLP concentrations compared to men.
Similarly, non-Hispanic Black individuals had lower levels than non-Hispanic White individuals,
current smokers had lower levels than those who never smoked, and underweight individuals had lower
levels than those with a normal weight [8]. Vitamin B6 levels were found to be lowest in teenagers,
followed by adults aged 21 to 44 years. However, elderly individuals, including those not using
supplements, did not exhibit particularly low plasma PLP concentrations. These findings led the
analysts to conclude that the current RDAs may fail to ensure sufficient vitamin B6 status for many
demographic segments [9].

Individuals with alcohol dependence, obesity, and pregnant women, particularly those experiencing
preeclampsia or eclampsia, often exhibit low PLP concentrations. Similarly, reduced PLP levels
are common in individuals with malabsorption disorders like celiac disease, Crohn’s disease, and
ulcerative colitis.

Table 1. The recommended dietary allowances (RDAs) for vitamin B6.

Age (Years) RDA of Vitamin B6 for | RDA of Vitamin B6 for
Males (mg) Females (mg)

Birth to 0.5 0.1 0.1

1 0.3* 0.3*

1-3 0.5 0.5

4-8 0.6 0.6

9-13 11 11
14-18 1.3 1.2
19-50 1.3 1.3
Above 50 1.7 1.5
*Indicates adequate intake (Al).
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Vitamin B6 Deficiency

It is rare to find a vitamin B6 deficiency in isolation; more often, inadequate vitamin B6 levels are
accompanied by low concentrations of other B-complex vitamins, such as cyanocobalamin and vitamin
M (folic acid) [10]. The biochemical changes resulting from vitamin B6 deficiency become more
pronounced over time as the deficiency persists. This deficiency is associated with microcytic anemia,
EEG (electroencephalographic) abnormalities, lip scaling, cheilosis, glossitis, as well as mental
abnormalities, such as depression.

For months or even years, individuals with marginally or slightly deficient vitamin B6 might
not exhibit any symptoms. However, in infants, a lack of vitamin B6 can cause irritability, and
convulsive seizures.

Moreover, malabsorption syndromes can also lead to this deficiency. Specific genetic disorders, such
as homocystinuria, can also result in low vitamin B6 levels. Furthermore, the long-term use of certain
drugs, like antiepileptic medications, can induce a vitamin B6 deficiency.

INDIVIDUALS WITH IMPAIRED KIDNEY FUNCTION

Moreover, low plasma (PLP) concentrations are frequently observed in patients receiving dialysis,
intermittent peritoneal dialysis. This might be because PLP is cleared from the body at a faster rate in
the dialysis procedure. It is also common for individuals with kidney disease to show clinical symptoms
that are similar to those associated with a vitamin B6 deficiency [11].

Individuals with Autoimmune Disorders

Low vitamin B6 concentrations are often observed in individuals with rheumatoid arthritis, and these
concentrations tend to decrease as the severity of the condition increases. The inflammation
characteristic of the disease contributes to these low vitamin B6 levels, which, in turn, can exacerbate
the inflammation. Vitamin B6 supplements can help restore normal vitamin B6 levels in rheumatoid
arthritis patients [12]. Patients with autoimmune disorders commonly exhibit low plasma PLP
concentrations. The precise mechanisms underlying this observation are not fully understood. However,
celiac disease has been linked to reduced pyridoxine absorption, and in inflammatory bowel disease,
the inflammatory response itself may contribute to low PLP concentrations.

Individuals with Alcohol Dependence

A characteristic of alcohol dependence is significantly reduced plasma PLP concentrations.
Consequently, cellular PLP may become more vulnerable to breakdown by membrane-bound phosphatase
enzymes. Pyridoxine supplementation may be beneficial for individuals with alcohol dependence.

CARDIOVASCULAR DISEASE

Studies suggest a potential link between specific B vitamins (folic acid, B12, and B6) and a lower
chance of developing cardiovascular disease, possibly due to their role in decreasing homocysteine
levels [13]. Numerous clinical investigations have therefore been conducted to assess the safety and
efficacy of B vitamin supplements in lowering heart disease risk. Nevertheless, the independent effect
of vitamin B6 is often unclear in these trials since they commonly involved the co-administration of
folic acid and vitamin B12.

This study showed that a 5-year daily supplementation with vitamin B6 (50 mg), vitamin B12 (1 mg),
and folic acid (2.5 mg) led to lower homocysteine levels and a roughly 25% decrease in stroke risk. It
is important to note that this trial lacked a group that received only vitamin B6 [14]. Moreover, the
majority of other extensive clinical trials have failed to demonstrate that B vitamin supplements
effectively reduce the risk of cardiovascular events, despite their success in lowering homocysteine
levels. To illustrate, a randomized trial involving 5442 women aged 42 years and older showed that
supplementation with vitamin B6 (50 mg/day) alongside folic acid (2.5 mg) and vitamin B12 (1 mg)
did not affect cardiovascular disease risk [15].
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An integrated analysis of the results from these two trials, encompassing 6837 individuals with
ischemic heart disease, indicated no advantage of vitamin B6 supplementation, either by itself or in
conjunction with folic acid (0.8 mg/day) and vitamin B12 (0.4 mg/day), regarding major cardiovascular
events. In another study involving adults with a history of non-disabling stroke, a 2-year
supplementation with varying doses of vitamin B6, B12, and folic acid did not affect the likelihood of
future stroke, cardiovascular events, or death [16]. Existing studies provide scant evidence to suggest
that supplemental vitamin B6, used independently or with folic acid and vitamin B12, can significantly
decrease the risk or seriousness of cardiovascular disease and stroke.

Cancer

Some studies have linked low levels of vitamin B6 in the blood to an elevated risk of certain cancers
[17]. However, the limited number of clinical trials conducted thus far has not demonstrated that vitamin
B6 supplementation can aid in cancer prevention or lessen its effect on mortality [18].

Cognitive Function

A hypothesis suggests that low vitamin B6 status could be a contributing factor to cognitive
impairment in some older adults [19]. Multiple studies have identified a link between vitamin B6 and
brain function in the aging population [20, 21].

A systematic review of 14 randomized controlled trials, however, revealed insufficient evidence to
support the notion that vitamin B6 supplementation, either alone or combined with vitamin B12 and/or
folic acid, influences cognitive function in individuals with normal cognitive abilities, dementia, or
ischemic vascular disease.

Further investigation is warranted to determine if vitamin B6 supplements can help prevent or treat
cognitive decline in older individuals.

Premenstrual Syndrome

While there are hints that vitamin B6 supplements could alleviate premenstrual syndrome (PMS)
symptoms, strong conclusions are limited due to the overall quality of the available research [22]. A
meta-analysis examining nine published trials with nearly 1000 women experiencing PMS found that
vitamin B6 was more effective than a placebo in reducing these symptoms. Nevertheless, a significant
portion of the studies in this analysis were small, and numerous had methodological shortcomings [22].
A more recent double-blind, randomized controlled study of 94 women demonstrated that a daily intake
of 80 mg of pyridoxine over three menstrual cycles resulted in statistically significant decreases in a
range of PMS symptoms. These improvements encompassed moodiness, irritability, forgetfulness,
bloating, and, notably, anxiety [23]. The capacity of vitamin B6 to mitigate mood-related PMS
symptoms might arise from its role as a cofactor in neurotransmitter synthesis [24]. While vitamin B6
shows potential in reducing PMS symptoms, further study is required to support strong conclusions.

NAUSEA AND VOMITING IN PREGNANCY

Approximately half of all women experience nausea and vomiting during the initial months of
pregnancy, with about 50% to 80% experiencing nausea alone [25, 26]. Despite its common name,
morning sickness can occur at any time of day. While not dangerous, its symptoms can disrupt a person's
social life and physical activities. This condition usually lessens between 12 and 20 weeks of pregnancy.
Studies looking at vitamin B6 supplements as a treatment for morning sickness have had varied results.
However, two randomized trials that used a placebo control showed that a daily oral dose of 30 to 75
mg of pyridoxine significantly lessened nausea in pregnant women experiencing this symptom [27, 28].

Current evidence from a Cochrane Review investigating treatments for pregnancy-related nausea and
vomiting is insufficient to definitively determine the effectiveness of vitamin B6 in managing morning
sickness. Nevertheless, randomized controlled trials suggest that using vitamin B6 together with
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doxylamine (an antihistamine) is associated with a 70% decrease in nausea and vomiting in pregnant
individuals, and a lower rate of hospitalization for this problem [29].

The American College of Obstetrics and Gynecology (ACOG) recommends starting with vitamin B6
alone, at a dose of 10 to 25 mg three to four times daily, to treat pregnancy-related nausea and vomiting.
If this is not effective, ACOG suggests incorporating doxylamine. Pregnant individuals should consult
their doctor before taking vitamin B6 supplements because the dosage could reach the tolerable upper
intake level (UL).

Health Risks from Excessive Vitamin B6

Nevertheless, prolonged intake of 1 to 6 g of oral pyridoxine per day over a period of 12 to 40 months
can result in serious and worsening sensory neuropathy, marked by ataxia (loss of coordination of bodily
movements). The severity of symptoms appears to be dose-dependent, and symptoms typically resolve
if pyridoxine supplements are discontinued promptly after neurological symptoms manifest [30—34].

The FNB pointed out that although some reports suggest sensory neuropathy can occur at doses lower
than 500 mg per day, studies on patients treated with vitamin B6 (averaging 200 mg daily) for as long
as 5 years showed no signs of this adverse effect [35]. Because of insufficient data on the possible harms
of long-term vitamin B6 use, the FNB established an adult tolerable upper intake level (UL) of 100
mg/day, which is half the dose used in the cited studies. ULs are adjusted downward for children and
adolescents based on their body weight. It's important to note that these ULSs do not pertain to individuals
receiving vitamin B6 as part of a medical treatment plan, who should continue to be managed by a
healthcare professional.

Interactions with Medications
This enhanced loss of pyridoxine may exacerbate the seizures and neurotoxic effects linked to
cycloserine. Supplementation with pyridoxine can be beneficial in preventing these negative reactions.

This process can lead to decreased plasma PLP concentrations and hyperhomocysteinemia [36, 37].
The resulting elevated homocysteine levels in antiepileptic drug users may contribute to a higher risk
of epileptic seizures and systemic vascular events, such as stroke, and may also impair seizure
management in individuals with epilepsy [33, 38—42].

Vitamin B6 and Healthy Diets

The Dietary Guidelines for Americans for 2020-2025 underscore the importance of obtaining
nutrients and other beneficial compounds primarily from food. They acknowledge that fortified foods
and dietary supplements can be helpful in specific situations where nutrient needs are not met through
diet alone, such as during pregnancy. These guidelines recommend a healthy eating pattern rich in
diverse vegetables, fruits, grains (with at least half being whole), fat-free and low-fat dairy (milk,
yogurt, cheese), and oils.

CONCLUSION

Vitamin B6 is a key cofactor in various metabolic functions, including amino acid metabolism,
sphingolipid synthesis and breakdown, and carbohydrate metabolism. Pyridoxal 5'-phosphate (PLP) is
the main active form of vitamin B6 and acts as a cofactor for many enzymes, like tryptophan synthase.
Because serotonin contributes to feelings of pleasure, it is sometimes called the "pleasure hormone,"
and its deficiency, often, alongside low norepinephrine levels, is associated with depression and other
neurological conditions. A deficiency in vitamin B6 can lead to various health issues, including
neuromuscular irritability, peripheral neuropathy, dermatitis, inflammation of the mouth (stomatitis),
chapped lips (cheilosis), a weakened immune system, and sideroblastic anemia. Furthermore, vitamin
B6 plays a significant role in maintaining healthy cognitive function and may help protect older adults
from cardiovascular disease (CVD).
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