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Vitamin B¢ (Pyridoxine)

Common Acronyms

CNS Chinese Nutrition Society

CRN Council for Responsible Nutrition

DRI dietary reference intake

EC SCF European Commission Scientific Committee on Food
EFSA European Food Safety Authority

EVM Expert Group on Vitamins and Minerals

ICMR-NIN Indian Council of Medical Research - National Institute of Nutrition
IOM Institute of Medicine

U international unit

KNS Korean Nutrition Society

LOAEL lowest observed adverse effect level

NDA EFSA Panel on Nutrition, Novel Foods and Food Allergens
NOAEL no observed adverse effect level

RCT randomized clinical trial

SUL safe upper level

UF uncertainty factor

UL tolerable upper intake level

Introduction

Vitamin Bg is a water-soluble vitamin that is important in carbohydrate, lipid, and amino acid
metabolism. It is found in the body in three primary forms: pyridoxine (the common name given
mainly to the alcohol form, or pyridoxol); pyridoxal (the aldehyde); and pyridoxamine (the
amine). The activated forms of pyridoxal and pyridoxamine are active coenzyme forms, and the
interconversion between them is involved in many of the biological functions of vitamin Be. This
vitamin is extensively involved in the metabolism of nitrogen-containing compounds, including

serotonin, dopamine, norepinephrine, gamma-aminobutyric acid (GABA), and the heme
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component of hemoglobin. Pyridoxine, as pyridoxal phosphate, also has an important role in the

conversion of tryptophan to nicotinic acid.

Vitamin Bg interacts with several drugs, which may either decrease the activity of the drug
and/or increase the need for the vitamin. Individuals taking medications on a regular basis
should discuss their vitamin B¢ status with their health care providers. Furthermore, several
medical conditions, including autoimmune disorders, impaired renal function, and alcohol
dependence, can increase the requirement for pyridoxine (IOM 1998; Bates 1999; Chiang
2005).

Safety Considerations

Both deficiency and excess of pyridoxine may produce neurological disturbances (Hathcock
and Rader 1990; Muhamed et al. 2023; Cracknell et al. 2024). The first report of pyridoxine
neurotoxicity in humans described a sensory neuropathy of the extremities in women with daily
intakes of 2,000 to 6,000 mg, mostly taken to control premenstrual symptoms (Schaumburg et
al. 1983). The neuropathy slowly and often incompletely regresses after cessation of the
elevated dose (Albin et al. 1987; Albin and Albers 1990; Santoro et al. 1991). Most cases of
sensory neuropathy have resulted from intakes of greater than 600 mg per day, but evidence
suggests that for some individuals, neuropathy may occur after doses as low as 300 to 500 mg
(Parry and Bredesen 1985; Bendich and Cohen 1990; Hathcock and Rader 1990). At high
intake levels, the total dose over time may give a better prediction of the potential for
neurotoxic response than either the daily dose or the duration of the high intake (Bendich and
Cohen 1990). More recent Dutch, French, and Finnish vigilance system data published or
submitted to EFSA have reported individual cases of intake levels below 100 mg per day of
pyridoxine and peripheral neuropathy (van Hunsel et al. 2018; Vrolijk et al. 2020; EFSA 2023).
As noted by EFSA (2023), such self-reported case study data have inherent limitations in their

utility in establishing a causal association.

Treatment with either 150 or 300 mg of pyridoxine for up to 4 months did not produce signs of

sensory neuropathy or any other adverse effects in 24 carpal tunnel syndrome patients (Del
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Tredici et al. 1985). Bernstein and colleagues (Bernstein and Lobitz 1988; Bernstein and Dinesen
1993), using physical neurological methods, found no evidence of neurological effects of
pyridoxine at intakes of up to 200 mg per day over a period of 4 months. Most subjects showed
no adverse effects at 150 to 200 mg per day supplemental intake (Del Tredici et al. 1985; Parry
and Bredesen 1985; Bernstein and Lobitz 1988; Bernstein and Dinesen 1993). At intakes of 200
mg (but not at 150 mg), a few subjects experienced signs of adverse neurological effects such as
sensory tingling and numbness (Parry and Bredesen 1985; Brush 1988). Consumption of 200 mg
pyridoxine per day may decrease the time it takes for adverse effects to develop after higher
levels are initiated (Parry and Bredesen 1985). Of note, 11 cases of 336 total subjects reported
related effects (dizziness = 5, mild tingling = 6) in a follow-up report after three additional years
in this cohort (EC SCF 2000; EFSA 2023). Similar findings were reported in a more recent
retrospective case control study in which 200 mg per day pyridoxine for up to 18 months was

associated with symptoms of peripheral neuropathy in some subjects (Alsabah et al. 2017).

Available human clinical trials with pyridoxine intervention levels of 100 mg per day have
demonstrated a lack of adverse effects in participants. Cracknell et al. (2024) reported the
outcome of a trial assessing sensory reactivity in 300 participants from the general population.
No symptoms of neuropathy or any other adverse effects were observed following ingestion of
100 mg per day for 30-40 days in this study. In a double-blind, placebo-controlled study in
which 100 or 500 mg of vitamin Be was consumed daily for 14 days, marginal evidence of
improvement in a digital coding test but also some evidence of an adverse effect on word
recognition was shown (Molimard et al. 1980); no further evidence to support either of these
possible effects has been published. The apparent adverse effect was significant at a 500 mg
intake level, but not at 100 mg in this study. It is unclear whether the duration of exposure to
pyridoxine in the latter study was sufficient to account for development of neuropathy
symptoms as the time to onset of symptoms has been shown to vary, though generally occur
following longer durations at lower levels. For example, a more recent prospective study
demonstrated that the median time to peripheral neuropathy in subjects was 38.5-43 days, with

intake levels of 200 and 150 mg per day, respectively (Court et al. 2021).

Some recent clinical studies with very high doses of pyridoxine have reported a lack of adverse
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effects following intakes of 350-2,100 mg per day for up to one year (Hoyer-Kuhn et al. 2014;
Tanigawa et al. 2021). However, the small number of participants in these studies limits their
utility for hazard identification. Inter-individual differences in sensitivity to pyridoxine-induced
peripheral neuropathy have been demonstrated and are considered to account for at least some
of the variability in response observed across studies with different pyridoxine doses (Vrolijk et

al., 2020; Hadtstein and Vrolijk 2021).

There is strong controversy over the validity of the study reporting adverse effects at daily
pyridoxine intakes of approximately 100 mg or less (Dalton and Dalton 1987). The design of
the study, which involved telephone interviews using leading questions, has raised questions
about the validity of its observed effects. Although the Dalton and Dalton report has been cited
as evidence that pyridoxine intakes below 100 mg per day can cause sensory neuropathy (EC
SCF 2000; EFSA 2023; EVM 2003), the data showed an average intake of 117 mg per day
among women with adverse symptoms and a nearly identical average intake (116 mg per day)
in the control group. The group with reported symptoms had taken pyridoxine for a longer
period of time—an average of 2.9 years, compared with 1.6 years for those without symptoms.
Some women reporting adverse effects had intakes of 50 mg or less. Inaccuracies in the
telephone survey method and a lack of objective neurological assessment are likely to have
introduced bias. The symptoms observed had no dose-response relationship to pyridoxine
intake. The IOM concluded that the data were not of sufficient quality to warrant use in a risk

assessment for pyridoxine (IOM 1998).

Official Reviews

IOM (1998). The IOM identified a NOAEL of 200 mg from clinical data (Del Tredici et al.
1985; Bernstein and Lobitz 1988) but considered the Dalton and Dalton (1987) data too unreliable
to serve as the basis of a UL. It thus applied a UF of 2 to the 200 mg human NOAEL, deriving a UL
of 100 mg.

EFSA (2023). Previously, EC SCF (2000) identified a LOAEL of 100 mg per day from the Dalton

and Dalton (1987) study. However, in 2023, the EFSA Panel concluded that a LOAEL and NOAEL
4
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could not be identified from human studies. Instead, the Panel identified a “reference point” of 50
mg per day based on the same study. The Panel supported this reference point with data from
other case reports as well as vigilance data, which were also described by the Panel as being
“limited and mostly insufficient to verify a causal link.” The Panel divided this reference point
(50 mg per day) by a composite UF of 4 to account for the inverse relationship between dose and
time and a further factor of 2 to allow for deficiencies in the database, thus yielding a UL of 12.5
mg per day for pyridoxine. A UL value was also calculated by the Panel based on the subchronic
study in Beagle dogs (Phillips et al., 1978). The LOAEL of 50 mg per kg body weight per day
from this study was divided by a composite UF of 300, yielding a UL of 11.7 mg per day based
on a 70-kg adult. The composite UF consisted of factors of 2 and 4 to account for interspecies
variability in toxicokinetics and toxicodynamics, respectively, a factor of 10 for interspecies
extrapolation, a factor of 2 for subchronic-to-chronic extrapolation, and a factor of 3 to account
for the lack of a NOAEL. The Panel noted that the similar UL values resulting from human and
animal studies increased confidence in their findings. Based on the midpoint of these values and
rounding down, a UL of 12 mg per day for total intake of all vitamin B6 vitamers in adults was

identified by the EFSA Panel.

EVM (2003). The UK’s EVM, concluding that the available human data were inadequate, based
their assessment on the same LOAEL of 50 mg per kg body weight per day in dogs (Phillips et
al. 1978). They extrapolated the dog data to a 60-kg human adult representative weight by
applying a composite UF of 300 to derive an SUL of 10 mg per day. The composite factor
represented a factor of 3 for LOAEL-to-NOAEL extrapolation, a factor of 10 for interspecies

extrapolation, and another factor of 10 for variation in human sensitivity.

Chinese Nutrition Society (CNS 2023). An UL value for pyridoxine of 55-60 mg per day in
adults was set by the CNS.

Indian Council of Medical Research - National Institute of Nutrition (ICMR-NIN2020). The
ICMR-NIN determined the UL for pyridoxine in adults to be 100 mg per day, based on a review of
available literature and citing IOM (1998) and the 3™ edition of the CRN Vitamin and Mineral
Safety book.
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Korean Nutrition Society (KNS 2020). The KNS published its general approach to evaluating data for
setting dietary reference intakes (DRIs). Based on this approach, UL values of 100 and 95 mg per day were

derived for pyridoxine in adults ages >19 and 18 years, respectively.

CRN Recommendations

The goal of the current update to CRN’s supplemental UL for pyridoxine was to determine
whether more recent human clinical data are available that might impact the conclusions
published in the 3" edition. While not all human clinical trials are specifically designed to
evaluate adverse effects, no new trials were identified following CRN’s updated methodology
that reported neuropathy-related symptoms or other serious adverse effects associated with
pyridoxine intervention.! As with any assessment in which not all available data are reviewed,
inherent uncertainties with the risk assessment and selection of the UL are recognized. As
discussed above, other methodologies have been used by some government agencies that have
relied on older case-control studies, more recent self-reported vigilance data, and/or animal

toxicology data to derive associated UL values.

CRN’s safety methodology for deriving a supplemental intake UL prioritizes data from human
studies, when available. The table below summarizes the key human clinical and
epidemiological studies considered in deriving an updated UL for supplemental intakes by
CRN according to its principal points of departure for risk assessment (as described in the

Methods).

! Literature search conducted September 2024.
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Key Studies Considered for the CRN UL for Vitamin Be (Pyridoxine)

Participant No. of Dose(s) NOAEL| LOAEL
Reference | Study Design Description Subjects | (mg per day)| Duration | (mg/day)| (mg/day)
Key studies from 3" edition
Subjects with
Brush Retrospective | premenstrual <6 months
1988 Survey syndrome 630 40-200 to 5 years 160 200
Parry and Subjects with
Bredesen neuropathy from 1 month to
1985 Case series vitamin B abuse 16 200-5,000 6 years N/A 200
Key studies identified in update
Hoyer- Randomized | Patients with
Kuhn et al.| controlled primary 350-
2014 trial hyperoxaluria type 1 12 350-1,400*° | 24 weeks 1,400? N/A
Retrospective | Post-laparoscopic
Alasbah et| case control | sleeve gastrectomy
al. 2017 study patients 32 200 <18 months] N/A 200
Cracknell
et al. 2024 | Clinical trial | General population 300 100 30-40 days 100 N/A
Prospective | Patients with
open-label inherited
Tanigawa | multicenter | glycosylphosphatidy 700-
et al. 2021 | pilot study linositol deficiencies 9 700-2,100*¢ 1 year 2,100 N/A

N/A, not applicable
2 Dose converted based on 70-kg adult
b5 mg per kg body weight every 6 weeks, up to a final dosage of 20 mg per kg body weight per day at week 24
¢ 10 mg per kg body weight per day for two weeks, then 30 mg per kg body weight per day for up to one year

While some case studies have reported effects at lower doses (e.g., Dalton and Dalton 1987),

the complete absence of adverse effects in credible, well-designed human studies at 100, 150,

and up to 160 mg per day and only marginal evidence of adverse effects at 200 mg (Parry and
Bredenson 1985; Brush 1988; Alasbah et al. 2017; Cracknell et al. 2024) indicate that 100 mg

can be confidently identified as a safe level of consumption based on studies in the table above.

Following the CRN process, the supplemental intake of 100 mg per day reported in the recent
human clinical trial by Cracknell et al. (2024) is identified as the NOAEL for pyridoxine. This

NOAEL is supported by additional studies reporting a lack of adverse effects with higher doses
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of pyridoxine, longer interventions, and/or larger population sizes; the latter of which also
provides additional confidence, considering inter-individual differences in sensitivity have been
demonstrated for pyridoxine-induced peripheral neuropathy. As described in the Methods, if the
supplemental intake dose-response relationship is identified from the strongest data and
assessed conservatively, no additional uncertainty factor is needed (that is, the implicit UF is
1.0). Consistent with CRN’s methodology, an UF of 1 is applied to yield a UL of 100 mg per
day for adults for pyridoxine.

Quantitative Summary for Vitamin B¢ (Pyridoxine) for Adults

CRN (2024) UL, supplemental intake 100 mg/day

IOM (1998) UL, total intake 100 mg/day

EFSA (2023) UL, total intake 12 mg/day

EVM (2003) SUL, supplemental intake 10 mg/day

CNS (2023), total intake 55-60 mg/day

ICMR-NIN (2020), total intake 100 mg/day

KNS (2020), total intake 100 mg/day (95 mg/day for ages 15-18 years)
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