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Vitamin B6

SUMMARY

Vitamin Bg (pyridoxine and related compounds) functions as a
coenzyme in the metabolism of amino acids, glycogen, and sphin-
goid bases. The primary criterion used to estimate the Recom-
mended Dietary Allowance (RDA) for vitamin Bg is a plasma 5'-
pyridoxal phosphate value of at least 20 nmol/L. Bioavailability of
75 percent is assumed from a mixed diet. The RDA for young
adults is 1.3 mg. Recently, the median intake of vitamin Bg from
food in the United States was approximately 2 mg/day for men
and 1.4 mg/day for women; in one Canadian population study
the median intake was approximately 1.8 mg/day for men and 1.3
mg/day for women. The ninety-fifth percentile of U.S. intake from
both food and supplements has been estimated to be 6 to 10 mg/
day. The critical adverse effect from high intake of the vitamin is
sensory neuropathy. The data fail to demonstrate a causal associa-
tion between pyridoxine intake and other endpoints (e.g., derma-
tological lesions and vitamin Bg dependency in newborns). The
Tolerable Upper Intake Level (UL) for adults is 100 mg/day of
vitamin Bg.

BACKGROUND INFORMATION

Vitamin By (Bg;) comprises a group of six related compounds:
pyridoxal (PL), pyridoxine (PN), pyridoxamine (PM), and their
respective 5'-phosphates (PLP, PNP, and PMP). The major forms in
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animal tissues are PLP and PMP; plant-derived foods contain prima-
rily PN and PNP, sometimes in the form of a glucoside. In humans,
the major excretory form is 4-pyridoxic acid (4-PA).

Function

PLP is a coenzyme for more than 100 enzymes involved in amino
acid metabolism, including aminotransferases, decarboxylases, race-
mases, and dehydratases. It is a coenzyme for -aminolevulinate syn-
thase, which catalyzes the first step in heme biosynthesis, and for
cystathionine B-synthase and cystathioninase, enzymes involved in
the transsulfuration pathway from homocysteine to cysteine. The
carbonyl group of PLP binds to proteins as a Schiff’s base with the
g-amine of lysine. For practically all PLP enzymes the initial step in
catalysis involves formation of a Schiff’s base between an incoming
amino acid, via its 0-amino group, and the carbonyl group of PLP.
Much of the total PLP in the body is found in muscle bound to
phosphorylase. PLP is a coenzyme in the phosphorylase reaction
and is also directly involved in catalysis.

Physiology of Absorption, Metabolism, and Excretion

Absorption and Transport

In animal tissue the major form of B is PLP; next is PMP. Absorp-
tion in the gut involves phosphatase-mediated hydrolysis followed
by transport of the nonphosphorylated form into the mucosal cell.
Transport is by a nonsaturable passive diffusion mechanism. Even
extremely large doses are well absorbed (Hamm et al., 1979). PN
glucoside is absorbed less effectively than are PLP and PMP and, in
humans, is deconjugated by a mucosal glucosidase (Nakano and
Gregory, 1997). Some PN glucoside is absorbed intact and can be
hydrolyzed in various tissues.

Metabolism

Most of the absorbed nonphosphorylated B goes to the liver. PN,
PL, and PM are converted to PNP, PLP, and PMP by PL kinase.
PNP, which is normally found only at very low concentrations, and
PMP are oxidized to PLP by PNP oxidase. PMP is also generated
from PLP via aminotransferase reactions. PLP is bound to various
proteins in tissues; this protects it from the action of phosphatases.
The capacity for protein binding limits the accumulation of PLP by
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tissues at very high intakes of By (Merrill et al., 1984). When this
capacity is exceeded, free PLP is rapidly hydrolyzed and nonphos-
phorylated forms of B are released by the liver and other tissues
into circulation. At pharmacological doses of B, the high capacities
for PLP-protein binding of muscle, plasma, and erythrocytes (hemo-
globin) allow them to accumulate very high levels of PLP when
other tissues are saturated (Lumeng et al., 1978).

PLP in the liver can be oxidized to 4-PA, which is released and
excreted. The major PLP-binding protein in plasma is albumin. PLP
is the major form of the vitamin in plasma and is derived entirely
from liver as a PLP-albumin complex (Fonda et al., 1991; Leklem,
1991). Tissues and erythrocytes can transport nonphosphorylated
forms of the vitamin from plasma. Some of this is derived from
plasma PLP after phosphatase action. In tissues, conversion of the
transported vitamin to PLP, coupled with protein binding, allows
accumulation and retention of the vitamin. B in tissues is found in
various subcellular compartments but primarily in the mitochon-
dria and the cytosol.

Excretion

Normally, the major excretory product is 4-PA, which accounts
for about half the B; compounds in urine (Shultz and Leklem,
1981). Other forms of the vitamin are also found in urine. With
large doses of B, the proportion of the other forms of the vitamin
increases. At very high doses of PN, much of the dose is excreted
unchanged in the urine. By is also excreted in feces but probably to
a limited extent (Lui et al., 1985). Microbial synthesis of B in the
lower gut makes it difficult to evaluate the extent of this excretion.

Body Stores

Pharmacokinetic analyses of urinary excretion of a tracer dose of
labeled PN and its metabolites have suggested a two-compartment
model for body B stores (Johansson et al., 1966). With this ap-
proach, body stores have been estimated at 365 pmol (61 mg) or 7.7
umol/kg in a healthy 20-year-old woman and 660 pmol (110 mg) or
8.8 umol/kg in a 25-year-old man. Overall body half-lives were about
25 days (Shane, 1978). Intake (and excretion) was estimated to be
1.5 mg (9 pmol) for the woman and 3.4 mg (20 umol) for the man.
The two-compartment model has been questioned because muscle
stores most of the body’s Bg; the pool in muscle appears to turn
over very slowly. This fact may have not been considered, resulting
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in a substantial underestimation of body stores. Coburn and col-
leagues (1988a) estimated the B; content of muscle biopsies and, by
assuming that muscle represented 80 percent of the body B, store,
calculated a total body store of about 1,000 umol (167 mg).

Extrapolation of data from studies with experimental animals to
assess the B; requirement for maintenance and growth (Coburn et
al., 1987, 1988b) indicates that 1 mg of PN would be an adequate
intake for the adult. Modeling of human B pools has also led to an
assessment of a minimum requirement of about 0.4 mg/day of PN
(Coburn, 1990).

Clinical Effects of Inadequate Intake

The classical clinical symptoms of B, deficiency are a seborrheic
dermatitis (Mueller and Vilter, 1950), microcytic anemia (Snyder-
man et al., 1953), epileptiform convulsions (Bessey et al., 1957;
Coursin, 1954), and depression and confusion (Hawkins and Barsky,
1948). Microcytic anemia reflects decreased hemoglobin synthesis.
The first enzyme and committed step in heme biosynthesis, ami-
nolevulinate synthase, uses PLP as a coenzyme. Because PLP is also
a coenzyme of decarboxylases that are involved in neurotransmitter
synthesis, defects in some of these enzymes could explain the onset
of convulsions in B deficiency. Many studies have demonstrated
that the levels of neurotransmitters such as dopamine, serotonin,
and Yyaminobutyrate are reduced in Bg-depleted experimental
animals, especially in extreme By depletion (Dakshinamurti and
Stephens, 1969; Dakshinamurti et al., 1991, 1993; Sharma and
Dakshinamurti, 1992; Sharma et al., 1994; Stephens et al., 1971).
Some of these studies were reviewed in a conference report
(Dakshinamurti, 1990). However, it has not been definitely shown
whether the convulsions are due to the reduced level of one of
these neurotransmitters in particular. Guilarte (1993) proposed that
the convulsions are caused by abnormal tryptophan metabolites that
accumulate in the brain in By deficiency.

Electroencephalogram (EEG) abnormalities have also been
reported in controlled studies of B depletion. In one depletion-
repletion study (Kretsch et al., 1991) 2 of 11 young women placed
on a diet containing less than 0.05 mg of By exhibited abnormal
EEG patterns within 12 days. The abnormal patterns were promptly
corrected by 0.5 mg/day of PN. Similar abnormalities were reported
in young men placed on a diet containing less than 0.06 mg/day of
B, for 21 days (Canham et al., 1964). However, no EEG changes
were detected when young men were placed on a diet containing
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0.16 mg/day of By for 21 days (Grabow and Linkswiler, 1969). Al-
though a longer depletion period with 0.16 mg/day of B; may have
eventually resulted in some abnormalities, diets containing 0.5 mg/
day of By have consistently failed to demonstrate abnormal EEG
patterns or any hematological symptoms. Convulsions and dermati-
tis were not seen in these studies.

Inadequate intakes of B; have also been reported to impair plate-
let function and clotting mechanisms (Brattstrom et al., 1990; Sub-
barao and Kakkar, 1979), but these effects may also be due to the
hyperhomocysteinemia noted in such patients (Brattstrom et al.,
1990).

SELECTION OF INDICATORS FOR ESTIMATING
THE REQUIREMENT FOR VITAMIN B,

Indicators of vitamin B status have traditionally been described
as direct (vitamin concentrations in plasma, blood cells, or urine),
indirect, or as functional (erythrocyte aminotransferase saturation
by pyridoxal 5'-phosphate [PLP] or tryptophan metabolites). In
most instances, the concentrations of these indicators change with
increases or decreases in vitamin intake. As such, they are useful as
indicators of relative B status, especially in controlled depletion-
repletion studies (Leklem, 1990; Sauberlich et al., 1972). However,
there is little scientific information concerning which concentra-
tion of a particular indicator represents a clinical deficiency or in-
adequate status of the vitamin. Because of this, B; requirements
have often been evaluated by using a combination of status indica-
tors. However, this does not overcome the problem of establishing
absolute values reflecting impaired status. The increase in methio-
nine metabolites after a methionine load has also been used as an
indicator of B status (Leklem, 1994) but it has not found extensive
use in B requirement studies.

Areview of established indicators of B status suggests that plasma
PLP is probably the best single indicator because it appears to reflect
tissue stores (Lui et al., 1985).

Plasma Pyridoxal 5'-Phosphate

The plasma PLP concentration reflects liver PLP (Lumeng and
Li, 1974) and changes fairly slowly in response to changes in vita-
min intake, taking about 10 days to reach a new steady state (Lui et
al., 1985). The plasma PLP concentration generally correlates with
other indices of By status. PLP is the major form of By in tissues and
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is the active coenzyme species. In animals fed graded levels of pyri-
doxine (PN), the plasma PLP concentration correlated well with
tissue By (Lumeng et al., 1978).

Protein-bound PLP in the plasma is in equilibrium with free PLP.
Binding of PLP to protein protects it from hydrolysis by alkaline
phosphatase. Conditions of increased plasma phosphatase activity
can lead to reduced plasma PLP. Hydrolysis of plasma PLP is re-
quired before it can be transported into tissues.

In the controlled depletion-repletion study (Kretsch et al., 1991)
in which 2 of 11 young women placed on a diet containing less than
0.05 mg of B exhibited abnormal electroencephalogram patterns,
plasma PLP dropped to about 9 nmol/L. Similar PLP values were
also observed in the other 9 depleted but asymptomatic subjects.
This suggests that PLP concentrations of about 10 nmol/L repre-
sent a suboptimal concentration associated with clinical conse-
quences in some subjects. Although fewer than half the subjects in
this study exhibited signs of deficiency, more subjects might have
shown signs if the depletion diet had been continued longer than
12 days.

Leklem (1990) has suggested a plasma PLP concentration of 30
nmol/L as the lower end of normal status. Results from a large
number of studies involving various population groups (Brown et
al., 1975; Driskell and Moak, 1986; Lindberg et al., 1983; Lumeng et
al., 1974; Miller et al., 1975, 1985; Rose et al., 1976; Tarr et al.,
1981) have shown that a substantial proportion of individuals in
these populations, in some cases half, have plasma PLP concentra-
tions below 30 nmol/L, but there are no confirming clinical or
other data to suggest By deficiency. Other investigators have pro-
posed a cutoff of 20 nmol/L for plasma PLP as an index of adequa-
cy (Lui et al., 1985). The more conservative cutoff of 20 nmol/L is
not accompanied by observable health risks but it allows a moder-
ate safety margin to protect against the development of signs or
symptoms of deficiency. A cutoff for PLP of 20 nmol/L was selected
as the basis for the average requirement (EAR) for B, although its
use may overestimate the B; requirement for health maintenance
of more than half the group.

A recent random sampling of the Dutch population indicated a 3
to 7 percent prevalence of plasma PLP concentrations of less than
19 nmol/L in various life stage and gender groups (Brussaard et al.,
1997a, b). The prevalence was slightly higher in men aged 50 to 79
years. Although plasma PLP values in this population correlated
with dietary variables, some of the fundamental tests for B status,
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including the increase in homocysteine after a methionine load,
did not correlate as well.

Plasma PLP concentrations decrease slightly with increased pro-
tein intake. They are very high by comparison in the fetus, decrease
fairly rapidly in the first year, and then decrease more gradually
throughout the lifespan (Hamfelt and Tuvemo, 1972). It is not pos-
sible to evaluate whether the higher values in newborns and infants
reflect ample body stores or whether the higher concentrations re-
flect normal status for this age group. Because of this, it is not possi-
ble to state that a 20 nmol/L concentration in the infant reflects a
status equivalent to that for a 20 nmol/L PLP concentration in the
adult.

Normally, plasma PLP is measured by using an apotyrosine decar-
boxylase assay. This assay has been well standardized and there is
usually good interlaboratory agreement with it.

Enrythrocyte and Total Blood Pyridoxal 5'-Phosphate

Erythrocyte and total blood PLP concentrations have also been
used as measures of B status but not as extensively as plasma PLP.
Erythrocyte PLP concentrations are similar to those for plasma PLP
in individuals on normal diets, but they increase to much higher
values than does plasma PLP in subjects taking large doses of the
vitamin (Bhagavan et al., 1975). This reflects the high binding
capacity of hemoglobin for PLP. Erythrocyte PLP is derived from
plasma pyridoxal (PL); the erythrocyte contains PL kinase activity.
Because of lower kinase activity, blacks may have lower erythrocyte
PLP values than do whites. The small number of studies using eryth-
rocyte values limits the ability to derive a concentration consistent
with adequate status.

Blood Total Vitamin Concentrations

Blood concentrations of total vitamers of B as well as individual
concentrations of specific B; vitamers have been determined in
some studies. These values tend to fluctuate considerably. They also
fluctuate throughout the menstrual cycle, which limits their useful-
ness as status indicators (Contractor and Shane, 1968).

Urinary Pyridoxic Acid and Total Vitamin B,

Urinary By excretion and 4-pyridoxic acid (4-PA) excretion have
been used extensively to evaluate B; requirements. Approximately

Copyright © National Academy of Sciences. All rights reserved.



Dietary Reference Intakes for Thiamin, Riboflavin, Niacin, Vitamin B6, Folate, Vitamin B12, Pantothenic Acid, Biotin, and
http://lwww.nap.edu/catalog/6015.html

VITAMIN B, 157

50 percent of the By intake is excreted as 4-PA, but this proportion
can vary somewhat. 4-PA excretion responds almost immediately to
changes in dietary By intake (Lui et al., 1985). Because it reflects
recent intake, it is of essentially no value in assessing status. Leklem
(1990) has suggested a value of greater than 3 pmol/day as indica-
tive of adequate status. This is achieved with intakes of about 1 mg
of B;. However, the use of this cutoff value represents a circular
argument; it presupposes that 1 mg/day of B, is an adequate in-
take.

Erythrocyte Aspartate Aminotransferase and Alanine
Aminotransferase

The stimulation (activation) of erythrocyte aspartate aminotrans-
ferase (0-EAST) and erythrocyte alanine aminotransferase (0-EALT)
by PLP has been used extensively to evaluate long-term By status.
These tests measure the amount of enzyme in the apoenzyme form;
the ratio of the apoenzyme to total enzyme increases with B deple-
tion. Leklem (1990) has suggested an o-EAST of less than 1.6 and
an o-EALT of less than 1.25 as indicative of adequate B status.
Variations in values reported in different studies, which may reflect
blood storage conditions and time, have interfered with the setting
of a well-documented cutoff point. As described in the later section
“Women Ages 19 through 50 Years,” aminotransferase activation
factors stabilize slowly in response to changes in diet; this leads to
an overestimation of the amount of B required to return values to
a preset value in depletion-repletion studies.

The absolute EALT and EAST enzyme activities, both holo- and
total enzyme, have also been measured in many studies, but the
large variation in values limits their usefulness as indicators of status
(Raica and Sauberlich, 1964).

Tryptophan Catabolites

One of the earliest markers for B; deficiency was the urinary ex-
cretion of xanthurenic acid, which is normally a minor tryptophan
catabolite. The major pathway of tryptophan catabolism proceeds
via the PLP-dependent kynureninase reaction (Shane and Contrac-
tor, 1980). The xanthurenic acid pathway also involves PLP-depen-
dent enzymes. However, under conditions of B, deficiency, this mi-
nor pathway is used to a greater extent, leading to the increased
excretion of abnormal tryptophan metabolites. Mitochondrial en-
zymes involved in xanthurenic acid production probably retain their
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PLP more effectively than does the cytosolic kynureninase under
these conditions.

The evaluation of B status by measuring tryptophan catabolites
after a loading dose of tryptophan has been used extensively to
assess B status. Various challenge doses of tryptophan have been
used in different studies. Xanthurenic acid excretion is responsive
to By intake in controlled depletion-repletion studies. However, as
for many of the tests of By status, it is not clear what level of excre-
tion represents adverse By status under the conditions of the tryp-
tophan challenge dose. Leklem (1990) has suggested that a 24-hour
urinary excretion of less than 65 pmol xanthurenate after a 2-g
tryptophan oral dose indicates normal B status.

The first enzyme in the tryptophan catabolic pathway is a dioxyge-
nase that is induced by various steroid hormones. Consequently,
the flux through this pathway and the excretion of minor tryp-
tophan catabolites can be influenced by conditions of changed hor-
monal status. For example, both pregnancy and the use of high-
dose oral contraceptive agents increase the excretion of these
catabolites (Rose, 1978) (see “Oral Contraceptive Agents”).

Plasma Homocysteine

Homocysteine catabolism proceeds via transsulfuration to cysteine
and involves two PLP-dependent enzymes. Homocysteine can also
be remethylated to methionine via folate and vitamin B ,~depen-
dent enzymes. Thus, plasma concentrations of homocysteine are
influenced by B; and folate and, to a lesser extent, B, intakes
(Selhub et al., 1993). Racial and gender differences in homocys-
teine values and response to vitamin intervention have been found
in some studies (Ubbink et al., 1995). In a South African compari-
son of black and white subjects with similar lifestyles and folate and
vitamin B,, status, plasma PLP concentrations were significantly
lower in the black subjects; fasting plasma homocysteine concentra-
tion was similar. The increase in plasma homocysteine concentration
after a methionine load was significantly less in the black subjects
despite their lower plasma PLP values (Ubbink et al., 1995). After 6
weeks of daily supplementation with a multivitamin containing 10
mg of PN, 1 mg of folate, and 0.4 mg of vitamin B,, fasting
homocysteine concentration decreased in both groups. The eleva-
tion in plasma homocysteine concentration after a methionine load
was unaffected by supplementation in the black subjects whereas
the elevation in the white subjects decreased to about the same
level as observed in the black subjects. These data suggest that
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despite apparently lower By status, as indicated by plasma PLP levels,
the black subjects were more efficient than the whites in catalyzing
the transsulfuration of homocysteine to cysteine.

The increase in plasma homocysteine concentration after a
methionine load or a meal is responsive to and primarily affected
by By status, but data are not sufficient to support using this as the
criterion on which to base the EAR. Because the fasting homocys-
teine concentration is primarily responsive to folate status (Ubbink
et al., 1996), it is not a good candidate for use in setting the EAR.
Results from population-based studies using data adjusted for folate
and B,, status and for age indicate that By status as measured by
PLP is inversely correlated with nonfasting plasma homocysteine
concentration (Selhub et al., 1993). At least part of the increase in
plasma homocysteine concentration that occurs with aging may be
due to decreased renal function (Hultberg et al., 1993) rather than
By status.

Possible Reduction of Chronic Disease Risk

Moderate hyperhomocysteinemia was identified recently as a pos-
sible risk factor for vascular disease (Selhub et al., 1995; see also
Chapter 8), and vitamin intervention can be used to reduce plasma
homocysteine values. A recent prospective observational study has
examined the effect of self-selection for intake of folate and By on
the incidence of myocardial infarction (MI) and fatal coronary heart
disease (CHD) (Rimm et al., 1998). After other risk factors for CHD
were controlled for and vitamin intake was adjusted for energy in-
take, about a twofold reduction in MI and CHD was found for indi-
viduals in the quintile with the highest folate and B intakes com-
pared with those with the lowest intakes. When intakes of each of
the vitamins were considered separately, the multivariate analyses
suggested about a 30 percent reduction in disease incidence be-
tween individuals in the highest and lowest quintiles of intake for
each of the vitamins. For By the data are compatible with the
Framingham study (Selhub et al., 1993), in which the lowest deciles
of By intake were associated with higher circulating homocysteine.
However, in the current study although multivariate analysis indi-
cated a trend in risk reduction across the quintiles of intake, the
major reduction appeared to occur between the fourth and fifth
quintiles of intake (median intakes 2.7 and 4.6 mg). At these high
B, intakes, there is little effect of By intake on homocysteine levels,
which are mainly affected by changes in intake at much lower in-
takes. Although these data are intriguing and suggest that self-
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selection for high B, intake may lower CHD incidence, the highest
quintile of intake was associated with increased supplement use.
Some of these individuals may also exhibit other lifestyle differences
that influence CHD risk, some of which were not and others that
could not have been considered in the analysis. In addition, vitamin
intakes were normalized to energy intake, which may have had an
effect.

A study of elderly patients with coronary disease indicated a sig-
nificantly elevated plasma homocysteine concentration compared
with control subjects; homocysteine values were inversely correlated
with plasma vitamin concentrations (Robinson et al., 1995). Plasma
PLP values below 20 nmol/L were seen in 10 percent of the pa-
tients but in only 2 percent of the control subjects (p < 0.01).

Studies of Bi-homocysteine-vascular disease relationships were not
considered in this analysis if conducted with patients with end-stage
renal disease. Because homocysteine is metabolized in the kidney,
this condition would exacerbate any effects of vitamin deficiency.
Kidney disease may also affect B; metabolism and turnover.

Several ongoing randomized trials are addressing whether supple-
mentation will decrease risks of CHD. Thus, it would be premature
to establish a By intake level and corresponding homocysteine value
for lowest risk for disease.

Cognitive Function

The relationship of vitamin status to cognitive function was re-
cently evaluated in the elderly (Riggs et al., 1996). By status, as
evaluated by plasma PLP concentrations, was related to 2 out of a
battery of about 20 tests. The usefulness of these tests for evaluating
B, status will require further validation of the putative relationships.

FACTORS AFFECTING THE VITAMIN B; REQUIREMENT

Bioavailability

Vitamin B, bioavailability was recently reviewed by Gregory (1997).
B, in a mixed diet is about 75 percent bioavailable (Tarr et al.,
1981). A mixed diet typically contains about 15 percent pyridoxine
(PN) glucoside (Gregory, 1997), which is about 50 percent as bio-
available as the other By vitamins. The bioavailability of nongluco-
side forms of the vitamin is greater than 75 percent.

The absorption of B; compounds in the absence of food is com-
parable, even at very high doses. About 70 percent of a loading dose
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of 50 mg pyridoxal (PL) or the equivalent dose of pyridoxal phos-
phate (PLP) can be accounted for in the urine within 24 hours,
demonstrating that the phosphorylated form is effectively hydro-
lyzed and absorbed in the gut (Shane, 1978; Snell, 1958). Under
the same conditions, about 40 percent of an equivalent dose of PN
can be accounted for in the urine, but PN at high doses raises the
plasma PLP concentration and is retained more effectively than is
PL (Shane, 1978).

Similarly, dietary pyridoxamine (PM) and PL are about 10 per-
cent less effective than PN in raising the plasma PLP concentration,
and slightly more of these vitamins is excreted in the urine as 4-
pyridoxic acid (4-PA) (Wozenski et al., 1980). Most controlled B
studies have used PN as the added By source, but requirements
calculated from these studies would underestimate the By require-
ment by only 5 percent or less for individuals deriving most of their
B, as PLP and PMP from animal sources.

Nutrient-Nutrient Interactions

Because of PLP’s role as a coenzyme for many enzymes involved
in amino acid metabolism, it has been proposed that B, require-
ments are influenced by protein intake. Many studies have demon-
strated that increased protein intake causes a relative decrease in B
status as judged by a variety of By status indicators (Baker et al.,
1964; Hansen et al., 1996b; Linkswiler, 1978; Miller et al., 1985;
Sauberlich, 1964). This had led some to define By requirements in
terms of protein intake. A number of other studies, however, have
failed to demonstrate an effect of protein intake on By status
parameters. A study in young and elderly men and women found
little effect of dietary protein levels (12 and 21 percent of total
energy) on B status as measured by plasma PLP and erythrocyte
aspartate aminotransferase (Pannemans et al., 1994).

Almost all studies investigating the effects of different protein in-
takes have assessed the effects of graded levels of PN on status indi-
cators to obtain a By requirement in milligrams. They have then
adjusted this value based on the protein intake to obtain a value per
gram of protein. This approach assumes a linear relationship be-
tween B, requirements and protein intake for which there is little
experimental justification. This approach may also overestimate the
requirement for B; because the requirement has been set by assum-
ing a protein intake of 100 g for men. Thus, the approach cannot
be used for setting an Estimated Average Requirement (EAR). In-
creased protein may cause a relative decrease in By status indicators
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because induction of PLP-dependent enzymes may lead to tissue
retention of PLP. In such a case, a decrease in a status indicator,
such as plasma PLP, may not necessarily indicate a relative decrease
in B, status. Increased excretion of tryptophan metabolites seen
may also partly be due to the increased dietary tryptophan content.

The relationship between plasma PLP concentrations and the
amount of By per kilogram of protein intake (derived from a num-
ber of studies and compiled by J. Leklem, Oregon State University
[Hansen et al., 1997; Huang et al., 1998; Kretsch et al., 1995; Ribaya-
Mercado et al., 1991]), is shown in Figure 7-1A. Although a good
correlation is observed (r=0.928), when the same data are plotted
as a function purely of By intake (Figure 7-1B), the correlation ap-
pears to be equally as good (r=0.896). Consequently, expressing By
requirements in terms of protein intake appears to add an unneces-
sary manipulation of the intake data that does not substantially add
to the precision of assessed requirements. Moreover, this relation-
ship is not supported by all studies. In the assessment of require-
ments that follows, note is taken of effects of increased protein
intakes in the setting of values for B; requirements.

Physical Activity

A number of studies have examined the effect of physical activity
on By status (Crozier et al., 1994; Fogelholm, 1992), metabolism
(Dreon and Butterfield, 1986; Leklem and Shultz, 1983; Manore
and Leklem, 1988; Manore et al., 1987), and physical performance
(van der Beek et al., 1994). Effects, if any, have been small. Howev-
er, these studies were not designed to quantitate the effects of phys-
ical activity on B requirements.

Other Factors

Drug Interactions

Drugs that can react with carbonyl groups have the potential to
interact with PLP. Isoniazid, which is used in the treatment of tuber-
culosis, and L-DOPA, which is metabolized to dopamine, have been
reported to reduce plasma PLP concentrations (Bhagavan, 1985;
Weir et al., 1991).

Oral Contraceptive Agents

A number of studies have reported decreases in B status indica-
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FIGURE 7-1 The relationships between (A) plasma pyridoxal phosphate (PLP)
concentrations and vitamin Bg intake per gram of dietary protein and (B) plasma
PLP concentrations and By intake. Data derived from a compilation by J. Leklem,
Oregon State University and from Hansen et al. (1997), Huang et al. (1998),
Kretsch et al. (1995), and Ribaya-Mercado et al. (1991).

tors in women receiving high-dose oral contraceptives (Rose, 1978;
Shane and Contractor, 1975). Plasma PLP concentrations are de-
creased but the decrease is quite small. Normalization of the tryp-
tophan load test in subjects receiving oral contraceptives requires
very high levels of PN, up to 25 mg (Rose, 1978). This probably
reflects hormonal stimulation of tryptophan catabolism rather than
any deficiency of By per se. These studies were conducted when the
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level of estrogen in oral contraceptive agents was three to five times
higher than it is currently.

Alcohol

Alcoholics have low plasma PLP concentrations, and this reduced
B, status is distinct from that caused by liver disease or poor diet.
Acetaldehyde but not ethanol decreases net PLP formation by cells
and is thought to compete with PLP for protein binding. This may
make cellular PLP more susceptible to hydrolysis by membrane-
bound phosphatase (Lumeng and Li, 1974). The extent to which
this causes an increased B requirement is not known.

Preeclampsia

The lowered plasma PLP concentration observed in pregnancy is
lowered further in subjects with preeclampsia or eclampsia (Brophy
and Siiteri, 1975; Shane and Contractor, 1980). Cord blood PLP of
the newborn and placenta enzymes involved in PLP synthesis are
also reduced (Gaynor and Dempsey, 1972), suggesting a potentially
increased B requirement in preeclampsia.

FINDINGS BY LIFE STAGE AND GENDER GROUP

In controlled studies, clinical symptoms of vitamin B, deficiency
have only been observed during depletion with very low levels of B
and have never been seen at intakes of 0.5 mg/day or more. Most
studies of By requirements have focused on adults and have been
depletion-repletion studies. Starting with the pioneering studies of
the Sauberlich group (Raica and Sauberlich, 1964; Sauberlich, 1964;
Sauberlich et al., 1972), studies (described below) have demonstrat-
ed the usefulness of By status indicators for tracking relative vitamin
status. However, many of the studies are flawed in that require-
ments have usually been assessed by identifying the B, intakes that
return status indicators to the prestudy baseline values. Baseline
values have been those of motivated healthy individuals on self-
selected diets or on diets containing 1.5 to 2 mg of pyridoxine (PN).
It is not surprising that the assessed requirements based on this
approach of normalizing values are invariably similar to or higher
than the baseline B, intake. Normalization to baseline should re-
quire the same intake as in the baseline period, but studies general-
ly come up with a higher value. This suggests that equilibration was
not reached during the study periods for some of the indicators.
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This approach of normalization to baseline is a complicated way to
determine baseline vitamin intake and does not directly address the
requirement for the vitamin.

In the discussion that follows, data are reanalyzed, particularly
from some recent studies, to arrive at an Estimated Average Re-
quirement (EAR) for some adult age groups. Various indicators of
B, status are used, but when possible, a plasma pyridoxal phosphate
(PLP) value of at least 20 nmol/L is used as the major indicator of
adequacy.

Most controlled studies on B, requirements have used a liquid
formula diet (which contains some food-bound Bj) supplemented
with synthetic PN. Because PN is 95 percent bioavailable whereas
food By is only about 75 percent bioavailable, synthetic By is 95/75
(i.e., 1.27) times more available. Thus, dietary B equivalents are
calculated as follows to determine the EAR:

mg of dietary B, equivalents provided = mg of food B, + (1.27 X
g Iy Bg €q p g 6
mg of synthetic By).

Infants Ages O through 12 Months

Method Used to Set the Adequate Intake

An Adequate Intake (AI) is used as the goal for intake by infants.
Limited data are available on B, requirements of the infant, but an
Al can be set based on human milk B; content, which varies with
maternal By intake. West and Kirksey (1976) reported an average By
content of 0.13 mg/L of human milk at maternal B, intakes of less
than 2.5 mg and 0.24 mg/L at intakes of 2.5 to 5 mg. However, milk
B, content was quite variable between subjects at similar By intakes.
Borschel and colleagues (1986) reported that the milk of mothers
receiving 2.5 mg/day of PN as a supplement contained 0.15 to 0.21
mg/L of B.

Ages O through 6 Months. The Al reflects the observed mean B
intake of infants consuming human milk. Thus, the B; Al for young
infants is based on mean intake data from infants fed human milk
as the principal food during their first 6 months and uses the B
concentration of milk produced by well-nourished mothers. There
are no reports of full-term infants exclusively and freely fed human
milk from U.S. or Canadian mothers who manifested any signs of
B deficiency. The mean concentration of B; in human milk of well-
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nourished but unsupplemented mothers with intakes near the Rec-
ommended Dietary Allowance (RDA) is 0.13 mg/L (West and
Kirksey, 1976). Using the mean volume of milk consumed of 0.78
L/day (see Chapter 2) and the average B; content of 0.13 mg/L,
the Al for B is 0.1 mg/day for infants ages 0 through 6 months.

Little information is available on optimal plasma B; concentra-
tions in the infant. Cord vein and artery PLP concentrations are
very high in the fetus and in the newborn. They progressively de-
crease throughout the first year and then more slowly throughout
life. Kang-Yoon and coworkers (1995) found lower By content in
milk of mothers of preterm infants even when the mothers were
receiving 2 mg/day of By as a supplement. Plasma PLP in infants
correlated with their By intake. In infants of mothers supplemented
with 2 mg/day of PN, plasma PLP fell to 32 nmol/L by 1 month
compared with 270 nmol/L in plasma of infants supplemented with
0.4 mg/day of B, directly. Formula-fed infants also had much high-
er plasma PLP values (about 200 nmol/L). In healthy infants, 0.3
mg of B prevented abnormal tryptophan metabolites (Bessey et al.,
1957).

In the 1950s convulsions were reported in infants receiving for-
mula in which much of the B; content had been destroyed in pro-
cessing. The convulsions were promptly treated by PN administra-
tion (Coursin, 1954); 0.26 mg was sufficient (Bessey et al., 1957) but
1 mg was required to correct abnormal tryptophan metabolites. The
B, content of the overly processed formula has been estimated to
average 0.062 mg/L or less (Borschel, 1995). Deficiency symptoms
were not observed in infants receiving other formula preparations
containing 0.096 mg/L of B, which is equivalent to an intake of
0.075 mg/day (Borschel, 1995). This level of intake is similar to the
Al of 0.1 mg suggested from normal intakes and raises questions
about whether an Al of 0.1 mg, which appears to be adequate on
the basis of normal human milk intakes, may be slightly low. Al-
though it is not possible to set a plasma PLP cutoff value for the
infant for adequate status, one would expect it to be at least that
used for the adult, if not higher. The drop in plasma PLP concen-
trations to 32 nmol/L, reported above, in 1-month-old infants of
mothers supplemented with By suggests that plasma PLP values are
somewhat lower than 32 nmol/L in breastfed infants of mothers
who are not supplemented. These data also suggest that the infant
fed human milk does not have a large reservoir of By,.

Other studies, however, have reported higher plasma PLP con-
centrations in infants of unsupplemented mothers. Andon and col-
leagues (1989) reported an average human milk B; content of 0.12
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mg/L in mothers with average dietary intakes of 1.4 mg of B. The
plasma PLP in the infants of these mothers averaged 54 nmol/L.

A plasma PLP concentration of 15 nmol/L was reported for a full-
term infant experiencing Bgresponsive convulsions (Kirksey and
Roepke, 1981). This is the only report of a plasma PLP concentra-
tion in an infant experiencing convulsions, and the possibility could
not be excluded that other factors or a By-dependency syndrome
contributed to the convulsions.

Ages 7 through 12 Months. If the reference body weight ratio meth-
od described in Chapter 2 to extrapolate from the Al for By for
infants ages 0 through 6 months is used, the Al for the older infants
would be 0.2 mg/day after rounding. The second method (see
Chapter 2), extrapolating from the Estimated Average Requirement
(EAR) for adults and adjusting for the expected variance to esti-
mate a recommended intake, gives an Al for By of 0.4 mg/day, a
value that is higher than that obtained from the first method.
Because the Al for the young infants appears to be close to the
requirement on the basis of studies mentioned in this section, the
Al for By is set at 0.3 mg/day for infants ages 7 through 12 months—
as the mean obtained from the two types of extrapolation.

B, AI Summary, Ages O through 12 Months

Al for Infants
0-6 months 0.1 mg/day of vitamin B; =0.014 mg/kg
7-12 months 0.3 mg/day of vitamin B;  =0.033 mg/kg

Special Considerations

Infant formula typically provides much higher levels of B, to the
infant than does human milk (Borschel et al., 1986), and formula-
fed infants have higher PLP concentrations and lower erythrocyte
aspartate aminotransferase (0-EAST) values than do infants fed hu-
man milk (Heiskanen et al., 1994).

Children and Adolescents Ages 1 through 18 Years

Evidence Considered in Estimating the Average Requirement

Information on the B requirements of children and of adoles-
cents is too limited for an EAR to be established directly. For exam-
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ple, the few studies assessing intakes and 4-pyridoxic acid (4-PA)
excretion are not useful for determining a requirement.

A recent study that tracked some By status indicators from chil-
dren aged 2 months to 11 years (Heiskanen et al., 1995) demon-
strated a gradual decrease in erythrocyte PLP with age, similar to
that previously reported for plasma PLP (Hamfelt and Tuvemo,
1972), and an increased erythrocyte o-EAST. Interestingly, there
was a tendency for those at the lowest percentiles of values to re-
main so over this period, which could reflect a genetic component,
diet, or both. The setting of normal ranges for B status indicators is
complicated by age-dependent changes in these indicators.

A few studies have investigated indicators of B status in preschool
children and adolescents. Fries and coworkers (1981) measured
plasma PLP concentrations in 35 boys and girls aged 3 and 4 years.
Average food intakes of By ranged from 0.9 mg in the 4-year-old
boys to 1.3 mg in the 3-year-old boys. Some of the children received
additional supplements. The average plasma PLP concentrations
in unsupplemented children ranged from 58 to 78 nmol/L in the
different groups, and the supplemented children had higher con-
centrations. This suggests that nonsupplemented intakes were con-
siderably above an EAR level (if it could be determined), but it is
not possible to set an EAR on the basis of these data.

Kirksey and colleagues (1978) studied the nutritional status of 12-
to 14-year-old female adolescents. Thirteen percent of the subjects
were judged to have inadequate B status as assessed by erythrocyte
alanine aminotransferase (0-EALT) ratios with average dietary B
intakes estimated to be 1.24 mg. Driskell and colleagues (1985)
studying 12-, 14-, and 16-year-old adolescent girls reported 20 per-
cent with marginal B, status and 13 percent with By deficiency as
indicated by abnormal o-EALT ratios. Daily dietary B, intakes in
these groups averaged about 1.2 mg. In a follow-up longitudinal
assessment of 12- and 14-year-old adolescent girls, Driskell and
colleagues (1987) reported a prevalence of about 20 percent By
deficiency and almost 30 percent marginal deficiency with average
dietary intakes of 1.25 mg B, again as assessed by o-EALT ratios.
Although these data may suggest an EAR for adolescents somewhat
below 1.2 mg, a number of concerns limit the usefulness of these
data for deriving an EAR. As indicated previously, cutoff o-EALT
ratios for B, deficiency have not been correlated with any clinical
indicator of deficiency, and considerable variation in o-EALT ratios
has been reported (Leklem, 1990). In addition, in the Driskell et al.
(1985) study, the data were stratified by supplement intake ranging
from less than 1 mg to greater than 3.5 mg. In each group about 60
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percent of the subjects had adequate By status as determined by o-
EALT whereas the percentages of subjects with marginal and with defi-
cient status were essentially identical. This seriously calls into question
the appropriateness of using o-EALT ratios for assessing By, status.

In the absence of additional information, EARs and RDAs for
these age groups have been estimated by using the method de-
scribed in Chapter 2 and then extrapolating from adult values. For
comparative purposes the requirement was also estimated by assum-
ing that there is a direct relationship between protein intake and
the B; requirement. The results of applying that method to data on
protein intake from the Third National Health and Nutrition Ex-
amination Survey for children were judged to be unreasonably high.
(See also the previous discussion about the protein-B; relationship.)
As with adults, there is no compelling evidence to suggest that re-
quirements within any of these age groups should be adjusted based
on protein intake.

B, EAR and RDA Summary, Ages 1 through 18 Years

EAR for Children  1-3 years 0.4 mg/day of vitamin B,
4-8 years 0.5 mg/day of vitamin B

EAR for Boys 9-13 years 0.8 mg/day of vitamin B
14-18 years 1.1 mg/day of vitamin B

EAR for Girls 9-13 years 0.8 mg/day of vitamin B
14-18 years 1.0 mg/day of vitamin B

The RDA for By is set by assuming a coefficient of variation (CV)
of 10 percent (see Chapter 1) because information is not available
on the standard deviation of the requirement for Bg; the RDA is
defined as equal to the EAR plus twice the CV to cover the needs of
97 to 98 percent of the individuals in the group (therefore, for By
the RDA is 120 percent of the EAR).

RDA for Children 1-3 years 0.5 mg/day of vitamin B,
4-8 years 0.6 mg/day of vitamin B,

RDA for Boys 9-13 years 1.0 mg/day of vitamin B
14-18 years 1.3 mg/day of vitamin B

RDA for Girls 9-13 years 1.0 mg/day of vitamin B
14-18 years 1.2 mg/day of vitamin B
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Adults Ages 19 through 50 Years
Men Ages 19 through 50 Years

Evidence Considered in Estimating the Average Requirement. The initial
studies on B; requirements of young men are not very useful for
determining an EAR because of the small number of repletion in-
takes. Most of these studies used the tryptophan load test to deter-
mine status. In a repletion study by Baker and colleagues (1964),
eight young men on a diet containing 30 g/day of protein required
1.25 mg of PN (equivalent to 1.5 mg of food B;) to return tryp-
tophan metabolite excretion back to baseline after a 10-g tryp-
tophan challenge dose, whereas subjects on a 100-g protein diet
needed 1.5 mg of PN (equivalent to 1.9 mg of food Bg). This sug-
gests an EAR considerably lower than 1.25 or 1.5 mg. Yess and co-
workers (1964) placed six subjects on a diet containing 0.16 mg of
PN and 100 g of protein for 55 days and investigated various tryp-
tophan metabolites after a 2-g load. Supplementation with 0.6 or
0.9 mg of PN normalized tryptophan catabolites in nearly all the
subjects, suggesting an EAR of less than 0.9 mg of PN (equivalent to
less than 1.0 mg adjusted for food By).

Miller and Linkswiler (1967) measured tryptophan metabolites in
11 men receiving a basal diet containing 0.16 mg of PN and 54 or
150 g of protein. Over a 40-day period there was a slow increase in
the excretion of tryptophan catabolites. The addition of 0.6 mg of
B, corrected tryptophan catabolite excretion in most of the sub-
jects, suggesting an EAR of less than 0.76 mg of PN (equivalent to
less than 0.9 mg adjusted for food B;). Complete normalization was
observed with 1.5 mg (1.9 mg food B), which suggests that this
level of intake exceeded the requirements of all subjects.

Linkswiler (1978) summarized a large number of early studies of
men receiving various protein intakes. In subjects on a diet contain-
ing 100 g of protein, normalization of the load test required 1.0 to
1.5 mg, suggesting an EAR of considerably less than 1.0 to 1.5 mg.
Miller and colleagues (1985) fed diets containing 1.6 mg of B;; (from
food and food fortified with PN) and 0.5, 1.0, or 2 g/kg of protein
to eight young men (21 to 31 years of age). In this study, plasma
PLP remained above 30 nmol/L, suggesting that 1.5 mg was sub-
stantially higher than the EAR.

In a study by Selhub and colleagues (1993), which adjusted for
folate status, gender, and age, half of the subjects consuming freely
selected diets containing an average of 1.3 mg of By (as estimated
from food frequency questionnaires and thus from food and vita-
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min supplements) had plasma homocysteine concentrations that
were similar to those of subjects receiving much higher intakes of
the vitamin. Subjects had not fasted or received a methionine load
before being evaluated. Because no value for optimal homocysteine
concentrations has been established and it is not clear that there is
an advantage to driving homocysteine concentrations down to the
lowest possible level, this suggests an EAR of less than 1.3 mg if
plasma homocysteine is used as an index of adequacy.

It is difficult to derive a precise EAR for young men because most
studies have identified a By intake that restores test parameters to
baseline values for all subjects, which may be considerably higher
than that needed for health. Moreover, in most studies the levels of
B, tested appear to have been in excess of an average requirement.

B, EAR and RDA Summary, Men Ages 19 through 50 Years. The vari-
ous studies suggest an average requirement that ranges from less
than 0.9 mg of food By to considerably less than 1.9 mg. Taken
together, the studies suggest an EAR of 1.1 mg/day.

EAR for Men 19-30 years 1.1 mg/day of vitamin B
31-50 years 1.1 mg/day of vitamin B,

The RDA for By is set by assuming a coefficient of variation (CV)
of 10 percent (see Chapter 1) because information is not available
on the standard deviation of the requirement for Bg; the RDA is
defined as equal to the EAR plus twice the CV to cover the needs of
97 to 98 percent of the individuals in the group (therefore, for By
the RDA is 120 percent of the EAR).

RDA for Men 19-30 years 1.3 mg/day of vitamin B
31-50 years 1.3 mg/day of vitamin B,

Women Ages 19 through 50 Years

Evidence Considered in Estimating the Average Requirement. Six studies
provide useful evidence about the amount of By required by young
women. Analysis of these studies focuses on the amount required
for a plasma PLP value of at least 20 nmol/L. Brown and colleagues
(1975) depleted 10 young women (average age 22) on a diet that
contained 0.16 mg of By and 78 g of protein for 28 days. The sub-
jects were repleted with 1.0 or 2.2 mg of B, for 28 days. During the
depletion period, plasma PLP concentrations fell from about 50 to
about 14 nmol/L. On the two repletion regimens they increased to
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about 24 and 60 nmol/L. An EAR of just under 1.0 mg (equivalent
to 1.2 mg based on food Bg;) can be assessed based on a PLP con-
centration of > 20 nmol/L.

Kretsch and coworkers (1995), using a depletion-repletion ap-
proach, studied a group of eight women (aged 21 to 30 years) on a
high-protein diet (1.55 g/kg of body weight) and also investigated
the effects of animal protein compared to plant protein. A formula
diet plus 2 mg of PN was supplied for the 7-day adjustment period
to develop baseline values. The depletion diet contained less than
0.05 mg of PN and was continued for 11 to 28 days (two subjects
developed electroencephalogram [EEG] abnormalities). Repletion
was with 0.5, 1, 1.5, or 2 mg/day of PN for 14 to 21 days. Between 1
and 1.5 mg of PN restored PLP to baseline, and 1.5 to 2 mg of PN
restored xanthurenate to baseline values. In this study, plasma PLP
in the baseline period averaged 25 nmol/L, a very low value com-
pared with most studies, and dropped to less than 10 nmol/L dur-
ing depletion. Surprisingly, plasma PLP fell slightly further during
the first repletion with 0.5 mg of B;. Values averaged close to 20
nmol/L on intake of 1 mg of B, suggesting an EAR of about 1 mg
(1.25 mg of food B;). Normalization of aminotransferase activation
factors occurred with intakes of about 1.5 to 2 mg of B; and lagged
behind the diet changes. Activation factor values increased during
the depletion period and then increased further during the first
repletion period, indicating that they had not stabilized within the
depletion period. No differences in response were observed when
comparing the animal to the plant protein source.

In a depletion-repletion study, Huang et al. (1998) studied By
requirements in young women (aged 28 to 34 years) fed a high-
protein diet (1.55 g/kg of body weight). Subjects were fed a base-
line diet (1.6 mg/day of By from food) for 9 days and a depletion
diet (0.45 mg/day also from food) for 27 days. Repletion diets of
1.26, 1.66, and 2.06 mg of By were given for 21, 21, and 14 days,
respectively, the additional By provided in the form of pyridoxine
hydrochloride once daily. As would be expected for a baseline in-
take of 1.6 mg of B, 1.5 to 2 mg of PN normalized plasma PLP and
urinary 4-PA concentration to baseline values. No hematological or
EEG abnormalities were observed during depletion, and the plasma
PLP concentration was above 20 nmol/L at the end of the deple-
tion period. With longer depletion, PLP values might have dropped
more. At a B intake of 1.26 mg, mean PLP was 38 nmol/L. On the
basis of plasma PLP, an EAR should be between the two levels test-
ed, 0.45 and 1.26 mg, probably less than 1 mg. If suggested cutoffs
for erythrocyte aminotransferase concentrations were applied to
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ratios for 0-EAST and o-EALT observed in the study, the EAR values
would be around 1.3 mg based on o-EAST or above 1.7 mg based
on 0-EALT. Again, these values appear to lag with supplementation
and may be overestimates.

Hansen and coworkers (1996b) investigated the effects of protein
intake on By status in women aged 19 to 38 years. The subjects
received a diet containing 1.25 mg of PN, and protein intake was
0.5, 1, or 2 g/kg of body weight. At the two lower levels of protein
intake, plasma PLP remained above 30 nmol/L. For women on the
highest protein intake, PLP concentrations dropped below 30
nmol/L but remained above 20 nmol/L. There was a slight eleva-
tion in tryptophan catabolites after a load, which may have been
due to the increased dietary tryptophan intake. The decrease in
plasma PLP with increased protein intake was accompanied by a
decrease in urinary 4-PA and urinary B, suggesting that more B
was retained by tissues under these conditions and that a steady
state may not have been reached. This also calls into question wheth-
er the decrease in plasma PLP concentrations on a high-protein
intake truly reflects a decrease in By status. If a PLP cutoft of 20
nmol/L is applied, these studies suggest an EAR of considerably
less than 1.25 mg.

Hansen and coworkers (1996a) also investigated the effects of
diets low and high in PN glucoside on status indicators. Ten women
(mean age 29 years) were fed two food-based diets each containing
about 1.5 mg of B of which 9 or 27 percent was as the naturally
occurring B glucoside. The status indicators demonstrated lower
bioavailability of the glucoside, as expected, and suggested increased
fecal excretion. On the low-glucoside diet, mean PLP concentra-
tions were above 30 nmol/L, suggesting an EAR ofless than 1.5 mg.

In a recent study, Hansen and coworkers (1997) investigated the
B, requirements of young women receiving 85 g/day of protein.
Subjects were adapted to a basal diet containing either 1.03 or 0.84
mg of B, which was fed for 15 days. The subjects then received
three or four different levels of repletion for periods of 10 or 12
days. EAR values of less than 1.18 mg and 1.15 mg could be assessed
based on plasma PLP concentrations. o-EAST ratios were in the
normal range even in the basal period, which suggests an EAR of
less than 0.8 mg. o-EALT was also normal in all subjects receiving
the basal 0.84-mg diet, but half the subjects in the group receiving
the basal 1.03-mg diet had values in the abnormal range. Although
this suggests an EAR of 0.8 to 1.0 mg based on aminotransferase
activation factors, these data are quite different from those reported
in other studies.
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Driskell and colleagues (1989) investigated the By status of 15
obese black adult women (21 to 51 years of age). Dietary B, intake
of the obese women and a nonobese control group averaged 1.18
mg, as assessed by dietary recall. Plasma PLP concentrations aver-
aged 60 nmol/L in the obese group and 63 nmol/L in the control
group, indicating no apparent effect of obesity on B status. These
data do, however, suggest an EAR of considerably less than 1.2 mg
for adult women.

B, EAR and RDA Summary, Women Ages 19 through 50 Years. Based
on the above evidence, the average requirement of PN is less than
1.0 mg. This is adjusted to 1.1 mg for food B,

EAR for Women  19-30 years 1.1 mg/day of vitamin B
31-50 years 1.1 mg/day of vitamin B,

The RDA for By is set by assuming a coefficient of variation (CV)
of 10 percent (see Chapter 1) because information is not available
on the standard deviation of the requirement for Bg; the RDA is
defined as equal to the EAR plus twice the CV to cover the needs of
97 to 98 percent of the individuals in the group (therefore, for By
the RDA is 120 percent of the EAR).

RDA for Women  19-30 years 1.3 mg/day of vitamin B
31-50 years 1.3 mg/day of vitamin B,

Adults Ages 51 Years and Older

Evidence Considered in Estimating the Average Requirement. Studies of
older individuals have been quite limited. Ribaya-Mercado and co-
workers (1991) investigated B requirements in 12 men and women
over 60 years of age who received protein intakes of 0.8 or 1.2 g/kg
of body weight. Depletion and repletion By intakes were based on
protein intake but averaged, respectively, about 0.15, 1.2, 1.8, and
2.6 mg in men and 0.1, 0.9, 1.3, and 1.9 mg in women. The source
of B; during the repletion diets was a mixture of food and pyridox-
ine supplements. Individuals were kept on self-selected diets for
baseline studies; these diets averaged 1.6 mg of B; for men and 1.4
mg for women. About 1.9 mg of By was required to reach baseline
values of plasma PLP and urinary 4-PA in both men and women
consuming 1.2 g protein/kg of body weight. Normalization of eryth-
rocyte aminotransferase activation factors required higher levels of
B, but these activation factors did not stabilize during each period.
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The EAR based on a plasma PLP of at least 20 nmol/L would be less
than 1.3 mg (less than 1.6 mg for food B;) in men and about 0.9 mg
(1.1 mg for food B;) in women. Xanthurenate excretion in nearly
half the men and all the women was near the baseline value at the
equivalent of a food B intake of 1.6 mg/day. The four subjects on
the lower protein diet (0.8 g/kg of body weight) reached baseline
values of plasma PLP at a lower level, 1.33 mg/day of B, yet xan-
thurenate excretion did not return to baseline for some of the sub-
jects by the end of the three repletion periods.

Selhub and colleagues (1993) investigated the relationship among
plasma homocysteine, dietary B, and plasma PLP concentration in
subjects from the Framingham Heart Study aged 67 to 96 years.
The data were adjusted for age, gender, and folate and B, intakes.
No clear cutoff for homocysteine has been established, but about
half the subjects whose B intakes were 1.4 mg (and who had plasma
PLP concentrations of 25 nmol/L) were in the same homocysteine
range as subjects consuming much higher intakes. At a plasma PLP
concentration of 20 nmol/L, homocysteine concentrations averaged
about 13 umol/L, and this corresponded to a dietary intake of about
1.3 mg B,

Meydani and coworkers (1991) reported impairments in interleu-
kin-2 and lymphocyte proliferation in eight healthy elderly subjects
(four men and four women) placed on a Bg-deficient diet of 0.3 g/
kg body weight/day for up to 20 days (approximately 0.17 mg/day
for the men and 0.10 mg/day for the women). Restoration of vari-
ous parameters of cellmediated immunity to baseline values (ob-
tained when the subjects had been on self-selected diets) required
more than 22.5 ug/kg body weight/day, the second highest reple-
tion level tested, because most of the parameters measured returned
to baseline values at the highest repletion level tested in both the
men and women, which was 33.75 ug/kg body weight/day or about
2 mg/day of B; for the women and 2.88 mg/day for the men. Some
measures of immunity did not return to baseline during the study
period whereas others exceeded baseline values only at very high
(50 mg) B intakes. No indication was given as to which level of any
of these parameters indicated a dysfunction in immune response.
Although the changes in these parameters with B intake suggest
they may be of potential use as indicators of By status, it is presently
not possible to determine a requirement from these data.

B, EAR and RDA Summary, Ages 51 Years and Older. From the above

studies, it appears that the EAR for B is higher than the EAR for
younger men and women and, unlike that for younger adults, is
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higher for men than for women. The increase due to age and
gender appears to be approximately 0.2 to 0.3 mg of food B,/ day.

EAR for Men 51-70 years 1.4 mg/day of vitamin B
> 70 years 1.4 mg/day of vitamin B

EAR for Women 51-70 years 1.3 mg/day of vitamin B
> 70 years 1.3 mg/day of vitamin B

The RDA for By is set by assuming a coefficient of variation (CV)
of 10 percent (see Chapter 1) because information is not available
on the standard deviation of the requirement for Bg; the RDA is
defined as equal to the EAR plus twice the CV to cover the needs of
97 to 98 percent of the individuals in the group (therefore, for By
the RDA is 120 percent of the EAR).

RDA for Men 51-70 years 1.7 mg/day of vitamin B
> 70 years 1.7 mg/day of vitamin B

RDA for Women  51-70 years 1.5 mg/day of vitamin B
> 70 years 1.5 mg/day of vitamin B

Special Considerations

Note that the EARs (and RDAs) for adults were derived by using
biochemical indicator cutoff values that have not been directly
linked to clinical or physiological insufficiency. As described above,
clinical symptoms of By deficiency have been observed only in con-
trolled studies during depletion with very low levels of B; and have
never been seen at intakes of 0.5 mg/day or greater. This suggests
that 1 mg/day is sufficient for most adults, but requirements may
possibly be higher in individuals on very-high-protein diets.

Pregnancy

Evidence Considered in Estimating the Average Requirement

Concentrations of indicators of By status in plasma and blood
decrease throughout pregnancy, especially in the third trimester
(Cleary et al., 1975; Hamfelt and Tuvemo, 1972; Shane and Con-
tractor, 1980). Many studies have demonstrated a drop in plasma
PLP to about 10 nmol/L; this is substantially more than can be
accounted for by increased blood volume. Fetal blood PLP concen-
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trations in the second and third trimester and at term are much
higher than in the mother, and significant fetal sequestration of the
vitamin has been demonstrated by cord vein and artery differences
(Cleary et al., 1975; Contractor and Shane, 1970; Shane and Con-
tractor, 1980). Barnard and colleagues (1987) reported that much
of the decrease in plasma PLP concentration during pregnancy is
offset by increases in plasma PL, but other investigators have not
observed this compensation (Contractor and Shane, 1970). Studies
in animals suggest direct transport of PLP to the fetus (Contractor
and Shane, 1971). In the pregnant rat about 15 percent of an intra-
peritoneal dose of PN is initially taken up by the uterus, placenta,
and fetus.

Maintenance of plasma PLP concentrations at nonpregnant values
requires about 2 mg/day of supplemental PN in the first trimester
and between 4 and 10 mg/day in the third trimester (Cleary et al.,
1975; Hamfelt and Tuvemo, 1972; Lumeng et al., 1976). Mainte-
nance of other status indicators such as tryptophan metabolites at
nonpregnant levels after a tryptophan load requires even higher
intakes, but this test may be affected by hormonal changes (Shane
and Contractor, 1980). It is not clear whether these changes in
status indicators during pregnancy reflect poorer vitamin status or
represent normal physiological changes during pregnancy. The lat-
ter is more reasonable. There is no a priori reason to use laboratory
values for nonpregnant women as controls for pregnant women.
There is also no evidence of significant problems in B status dur-
ing pregnancy despite the reduced levels of status markers. Schuster
and coworkers (1981) examined the relationship between o-EAST
ratios and Apgar scores in low-income mothers receiving an average
of 1.3 mg/day of B in the diet. A small but significant effect of B
status was noted. However, the possibility could not be eliminated
that other variables unrelated to B; may have been responsible.

For an assumed body store of 1,000 umol and a fetal, uterine, and
placental accumulation of 15 percent, the fetus and placenta would
accumulate approximately 25 mg of B;. This would be about 0.1
mg/day averaged over gestation. With additional allowances made
for the increased metabolic needs and weight of the mother and
about 75 percent bioavailability of food By, an additional average
need in pregnancy of 0.25 mg can be estimated. This increased
need would be concentrated more in the second half of gestation.
Unlike nutrients such as iron, B is not stored in the body to any
substantial extent, so it is unlikely that a surplus in early gestation
would satisfy the increased need in the latter stages of gestation.
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Consequently, an extra 0.5 mg/day of B; can be reasonably justified
to meet the need in the third trimester.

B, EAR and RDA Summary, Pregnancy

Although 0.5 mg/day of B; may overestimate the additional need
in early gestation, it was considered judicious to err on the side of
ensuring sufficiency and add 0.5 mg/day to the EAR for nonpreg-
nant women throughout pregnancy. Because of the approximation
involved, no additional adjustment for adolescence is included.

EAR for Pregnancy 14-18 years 1.6 mg/day of vitamin B
19-30 years 1.6 mg/day of vitamin B
31-50 years 1.6 mg/day of vitamin B,

The RDA for By is set by assuming a coefficient of variation (CV)
of 10 percent (see Chapter 1) because information is not available
on the standard deviation of the requirement for Bg; the RDA is
defined as equal to the EAR plus twice the CV to cover the needs of
97 to 98 percent of the individuals in the group (therefore, for By
the RDA is 120 percent of the EAR).

RDA for Pregnancy 14-18 years 1.9 mg/day of vitamin B
19-30 years 1.9 mg/day of vitamin B
31-50 years 1.9 mg/day of vitamin B,

Lactation

Evidence Considered in Estimating the Average Requirement

As described above, the By concentration in human milk varies
depending on the mother’s B;; intake, and some women consuming
less than 2.5 mg/day of By produce milk with a By content that is
not much higher than that associated with consuming formula that
resulted in convulsions in infants because of low levels of By. There
is some variation in reported human milk By content, which may be
due to methodological differences. Between individuals there are
variations in milk By content at similar B, intakes. Existing data
previously described suggest that the amount of By required to in-
crease the milk B; content by a small increment is much higher
than that increment and that the additional requirement for lacta-
tion is considerably in excess of that suggested by the amount se-
creted via lactation (Borschel et al., 1986; West and Kirksey, 1976).
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To ensure a milk By concentration of 0.13 mg/L, it is estimated that
about five times that amount of B; must be consumed in addition to
the EAR of 1.1 mg/day.

B, EAR and RDA Summary, Lactation

In light of the evidence that low maternal intakes could lead to
compromised By status in the infant (Borschel, 1995), it would be
prudent to add 0.6 mg of By to the EAR of 1.1 mg for nonpregnant
women, giving an EAR for lactation of 1.7 mg/day of B,. Because
this is an approximation based on a number of assumptions, no
adjustment is made for adolescent females who are lactating.

EAR for Lactation 14-18 years 1.7 mg/day of vitamin B
19-30 years 1.7 mg/day of vitamin B
31-50 years 1.7 mg/day of vitamin By

The RDA for By is set by assuming a coefficient of variation (CV)
of 10 percent (see Chapter 1) because information is not available
on the standard deviation of the requirement for Bg; the RDA is
defined as equal to the EAR plus twice the CV to cover the needs of
97 to 98 percent of the individuals in the group (therefore, for By
the RDA is 120 percent of the EAR).

RDA for Lactation 14-18 years 2.0 mg/day of vitamin B
19-30 years 2.0 mg/day of vitamin B
31-50 years 2.0 mg/day of vitamin B,

INTAKE OF VITAMIN B,

Food Sources

Data obtained from the 1995 Continuing Survey of Food Intakes
by Individuals indicates that the greatest contribution to vitamin By
intake of the U.S. adult population comes from fortified, ready-to-
eat cereals; mixed foods (including sandwiches) with meat, fish, or
poultry as the main ingredient; white potatoes and other starchy
vegetables; and noncitrus fruits (Table 7-1). Especially rich sources
are highly fortified cereals; beef liver and other organ meats; and
highly fortified, soy-based meat substitutes.
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TABLE 7-1 Food Groups Providing Vitamin B in the Diets of
U.S. Men and Women Aged 19 Years and Older, CSFII, 1995¢

Contribution to
Total Vitamin Bg
Intake? (%)

Foods Within the Group that
Provide at Least 0.4 mg of
Vitamin Bg° per Serving

Food Group Men Women  0.4-0.8 mg > 0.8 mg

Food groups providing at least 5% of total vitamin By intake

Ready-to-eat cereals 10.8 13.7 Moderately fortified Highly fortified

Mixed foods® 10.1 8.6 NA? NA
White potatoes and 9.7 9.2 White potato with —
other starchy peel and plantain
Vegetablesf
Non-citrus fruits& 7.0 9.5 Bananas and —
watermelon
Poultry” 6.9 7.1 Chicken breast, —
turkey light meat,
and Cornish
game hen
Beef 6.4 4.2 — —
Mixed foods, main 5.4 4.8 NA NA
ingredient is grain
Other vegetables’ 4.1 4.6 — —

Vitamin B from other food groups

Organ meats 0.2 0.2 Calf, chicken, or Beef liver
pork liver and
kidney
Soy-based 0.7 0.2 Some soy- Some soy-
supplements and based meat based meat
meal replacements substitutes substitutes
Pasta, rice, and 3.2 3.3 — Fortified instant
cooked cereals oatmeal
Finfish 1.2 1.7 Fresh tuna and —
trout
Deep yellow 0.8 1.2 Sweet potatoes —
vegetables with peel

@ CSFII = Continuing Survey of Food Intakes by Individuals.

b Contribution to total intake reflects both the concentration of the nutrient in the
food and the amount of the food consumed. It refers to the percentage contribution to
the American diet for both men and women, based on 1995 CSFII data.

¢0.4 mg = 20% of the Recommended Daily Intake (2.0 mg) of Bg—a value set by the

Food and Drug Administration.

dIncludes sandwiches and other foods with meat, poultry, or fish as the main ingredi-

ent.

¢ NA = not applicable. Mixed foods were not considered for this table.
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TABLE 7-1 Continued

JIncludes plantain, cassava, yam, and taro.

&Includes apple, apricot, banana, berries, cantaloupe, figs, grapes, honeydew, peach,
pear, pineapple, plum, rhubarb, and watermelon.

' Includes chicken and turkey.

iIncludes artichoke, asparagus, green beans, fresh lima beans, beets, Brussels sprouts,
cabbage, cauliflower, corn, cucumber, eggplant, kohlrabi, lettuce, mushrooms, onions,
green peas, peppers, rutabaga, snow peas, squash, turnips, vegetable salads, vegetable
combinations, and vegetable soups.

SOURCE: Unpublished data from the Food Surveys Research Group, Agricultural
Research Service, U.S. Department of Agriculture, 1997.

Dietary Intake

Data from nationally representative U.S. surveys (Appendixes G
and H) indicate that the median daily intake of By by men is ap-
proximately 2 mg/day and the median intake by women is approxi-
mately 1.5 mg/day. Groups having low B, intakes are shown in Table

A survey done in one Canadian province reported that the dietary
intake of B; by both men and women is slightly lower than intakes
in the United States (Appendix I). The Boston Nutritional Status
Survey (Appendix F) indicates that this relatively advantaged group
of people over age 60 reported a median By intake of 1.2 mg/day
for men and 1.0 mg/day for women.

TABLE 7-2 Life Stage and Gender Groups in the United
States with Reported Vitamin B, Intake Less than the
Estimated Average Requirement (EAR)

Life Stage and Gender Group Individuals Below the EAR (%)
Males, 51+ y 10-25

Women, 14-18 y 10-15

Women, 19-50 y 15

Women, 51+ y 25-50

Pregnant women (all ages) 25-50

Lactating women (all ages) 10-15

NOTE: See Table G-4 in Appendix D for vitamin Bg intake data by category and
percentile from the Continuing Survey of Food Intakes by Individuals, 1994-1995.
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Intake from Supplements

Information from the Boston Nutritional Status Survey on use of
B, supplements by a free-living elderly population is given in Ap-
pendix F. For those reporting use of supplements, the fiftieth per-
centile of supplemental By intake was 2.2 mg for both men and
women. Approximately 26 percent of all adults reported taking a
B-containing supplement in 1986 (Moss et al., 1989).

TOLERABLE UPPER INTAKE LEVELS
Hazard Identification

Adverse Effects

No adverse effects have been associated with high intake of vita-
min B, from food sources. This review focuses on pyridoxine, the
form of B, that was consumed in the reports cited below. Large oral
supplemental doses of pyridoxine used to treat many conditions,
including carpal tunnel syndrome and premenstrual syndrome,
have been associated with the development of sensory neuropathy
and dermatological lesions (Cohen and Bendich, 1986; Schaum-
burg and Berger, 1988). The causal association between high-dose
pyridoxine and neuropathy has been well documented in animals
since 1940 (Unna and Antopol, 1940) and in humans since 1983
(Schaumburg et al., 1983).

Sensory Neuropathy. The first clinical report of pyridoxine-induced
neurotoxicity in humans (Schaumburg et al., 1983) describes seven
patients (five women and two men) with severe sensory neuropathy
of the extremities after 2,000 to 6,000 mg/day of pyridoxine for 2 to
40 months. Four individuals were unable to walk. Neurological signs
and symptoms were diagnosed through objective neurological as-
sessment and improved in all patients after withdrawal of medica-
tion. Other reports of peripheral sensory neuropathy associated with
high-dose pyridoxine therapy (1 to 4 g/day) appeared in the 1980s
(Baer, 1984; Bredesen and Parry, 1984; De Zegher et al., 1985; Fried-
man et al., 1986). The pathogenesis of pyridoxine-induced periph-
eral sensory neuropathy and dose-response relationships have been
well-described in animal models (Phillips et al., 1978; Schaeppi and
Krinke, 1985). Review of the limited data involving lower pyridox-
ine doses (Bernstein and Lobitz, 1988; Del Tredici et al., 1985)
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reveals that the risk of developing sensory neuropathy decreases
quite rapidly at doses below 1 g/day.

Other Adverse Effects. Painful and disfiguring dermatological le-
sions were reported in humans after consumption of 2 to 4 g/day of
pyridoxine for more than 1 year (Friedman et al., 1986; Schaum-
burg and Berger, 1988). However, the limited data fail to demon-
strate a relationship between this endpoint and the dose or dura-
tion of treatment. Also, the mechanism of pyridoxine dermatoses
remains unclear (Schaumburg and Berger, 1988).

There are isolated, uncontrolled case reports of congenital de-
fects (Donaldson and Bury, 1982; Gardner et al., 1985; Philpot et
al., 1995) and By dependency (Hunt et al., 1954) in newborns whose
mothers were treated with pyridoxine during the first half of preg-
nancy. No controlled data in humans were found that confirm these
findings. Observational data in women taking up to 200 mg/day of
pyridoxine orally (Ellis, 1987; Weinstein et al., 1944) and up to 100
mg/day of pyridoxine parenterally (Dorsey, 1949; Hart and McCon-
nell, 1943; Weinstein et al., 1944; Willis et al., 1942) during the first
trimester of pregnancy report no adverse effects. Controlled studies
in animals (Hendrickx et al., 1985; Khera, 1975; Schumacher et al.,
1965) show no evidence of teratogenicity.

Very high pyridoxine doses (200 to 600 mg/day parenterally; 600
mg/day orally) after delivery have been used to successfully inhibit
or suppress lactation (Foukas, 1973; Marcus, 1975; Scaglione and
Vecchione, 1982). However, the results of other clinical trials on
the antilactogenic effect of pyridoxine are conflicting (Scaglione
and Vecchione, 1982). No evidence of antilactogenic effects at low-
er oral doses was found.

Summary

On the basis of considerations of causality, relevance, and the
quality and completeness of the database, sensory neuropathy was
selected as the critical endpoint on which to base a Tolerable Up-
per Intake Level (UL). The data fail to demonstrate a causal associ-
ation between pyridoxine intake and other endpoints reviewed (e.g.,
dermatological lesions and B; dependency in newborns).
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Dose-Response Assessment

Adults

Data Selection. Studies involving long-term oral administration of
pyridoxine at doses of less than 1 g/day (Berger and Schaumburg,
1984; Bernstein and Lobitz, 1988; Dalton, 1985; Dalton and Dalton,
1987; Del Tredici et al., 1985; Parry and Bredesen, 1985) were con-
sidered more relevant for deriving a UL than studies involving short-
term or single-dose intake, parenteral administration, or supple-
mental doses greater than 1 g/day.

Identification of a No-Observed-Adverse-Liffect Level (NOAEL) and a Low-
est-Observed-Adverse-Lffect Level (LOAEL). A NOAEL of 200 mg/day
can be identified by a critical evaluation of two studies (Bernstein
and Lobitz, 1988; Del Tredici et al., 1985). Bernstein and Lobitz
(1988) treated 70 patients with diabetic neuropathy or carpal tun-
nel syndrome with 100 to 150 mg/day of pyridoxine—some for up
to 5 years. Despite rigorous neurological examination and testing,
sensory neuropathy was not detected in any of these patients. Simi-
larly, Del Tredici and colleagues (1985) reported on 24 patients
treated for carpal tunnel syndrome with pyridoxine at doses of 100
to 300 mg/day for 4 months. A NOAEL of 200 mg/day represents
the average of 100 and 300 mg/day.

Additional investigations report no neuropathy in hundreds of
individuals given pyridoxine doses of 40 to 500 mg/day (Brush et
al., 1988; Ellis et al., 1979; Mitwalli et al., 1984; Tolis et al., 1977).
Although these studies were not as carefully executed or reported
as the study by Bernstein and Lobitz (1988), they provide support-
ive evidence for a NOAEL of 200 mg/day.

A LOAEL of 500 mg/day was identified from a case report by
Berger and Schaumburg (1984). These investigators reported that
a 34-year-old woman who had been taking 200 mg/day of pyridox-
ine for 2 years without adverse effects developed sensory neuropa-
thy when she increased her daily dose to 500 mg supplemented
occasionally with a 300-mg dose once a week. Another report by
Schaumburg and coworkers (1983) showed severe sensory neuropa-
thy in seven adults after pyridoxine intakes that started at 50 to 100
mg/day and were steadily increased to 2 to 6 g/day over 2 to 40
months. None of these patients experienced signs or symptoms at
doses of less than 2 g/day.

Several reports show sensory neuropathy at doses lower than 500
mg/day. Tabulated data in the report by Parry and Bredesen (1985)
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show that two patients who took 500 mg/day of pyridoxine for 8
and 36 months developed sensory neuropathy and as did one pa-
tient who took 100 to 200 mg/day for 36 months. This finding
conflicts with the weight of evidence showing that daily doses in the
range of 100 to 200 mg are not associated with the development of
this condition. It is not clear from the report whether the neurolog-
ical symptoms of the patient taking 100 to 200 mg/day were con-
firmed by a clinical neurological examination. The report notes
that clinical neurological examinations were performed on about
half of the patients. In addition, the report notes that electrophysio-
logical studies were performed on seven patients and sural nerve
biopsies were performed on two patients. It is not clear from the
report which patients were examined clinically and which received
additional tests. A local television report publicizing this syndrome
before the study may have biased the selection of patients and re-
porting of neurological symptoms.

Two additional studies that report sensory neuropathy at doses of
less than 200 mg/day (Dalton, 1985; Dalton and Dalton, 1987) war-
rant examination. In a letter to the editor, Dalton (1985) reported
sensory neuropathy (characterized as burning, shooting, and tin-
gling pains; paresthesia of limbs; clumsiness, ataxia; or perioral
numbness) in 23 of 58 women (40 percent) being treated with 50 to
300 mg/day of pyridoxine for premenstrual syndrome. This case
report contains methodological flaws including lack of information
on the duration of treatment, use of other medications or herbal
preparations, and lack of confirmatory information on actual doses
consumed.

In a subsequent publication, which may have included patients
from the earlier case report (Dalton, 1985), Dalton and Dalton
(1987) retrospectively studied 172 women who were attending a
private practice specializing in premenstrual syndrome and who
were reported to have taken 50 to 500 mg/day of pyridoxine. The
subjects were divided into two groups: 103 women who complained
of neurological symptoms and 69 who did not. Neurological symp-
toms were not adequately detailed in this study. In addition, the
actual doses may be underestimated because the patients were also
taking vitamin supplements. In summary, the weaknesses of this
study and the inconsistency of the results with the weight of evi-
dence pertaining to the safety of higher doses of pyridoxine rule
out the use of these data to determine a UL.
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Uncertainty Assessment. An uncertainty factor (UF) of 2 was selected
based on the limitations of the data involving pyridoxine doses of
less than 500 mg/day.

Derivation of a UL. The NOAEL of 200 mg/day was divided by the
UF of 2 to obtain a UL of 100 mg/day for adults:

NOAEL = 200 mg/day = 100 mg/day.
UF 2

B, UL Summary, Ages 19 Years and Older

UL for Adults
19 years and older 100 mg/day of vitamin B as pyridoxine

Other Life Stage Groups

Some concern for pregnant and lactating women could arise from
the data available in the literature on congenital defects, B; depen-
dency, and antilactogenic effects (Donaldson and Bury, 1982;
Foukas, 1973; Gardner et al., 1985; Hunt et al., 1954; Marcus, 1975;
Philpot et al., 1995; Scaglione and Vecchione, 1982). Scientifically
based, controlled studies designed to assess the potential adverse
effects of pyridoxine intake by pregnant and lactating women are
lacking. As noted above, the weight of the evidence from controlled
studies in animals during pregnancy reveals no adverse effects re-
lated to teratogenicity, and the evidence from humans reveals no
adverse effects from intakes up to 200 mg/day. Therefore, a UL of
100 mg/day was set for pregnant and lactating women as well. The
ULs for children and adolescents were calculated from the UL for
adults by using the method described in Chapter 3; this method
adjusts for body size.

B, UL Summary, Ages 1 through 18 Years, Pregnancy, Lactation

UL for Infants
0-12 months Not possible to establish; source of
intake should be formula and food only
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UL for Children
1-3 years 30 mg/day of vitamin B, as pyridoxine
4-8 years 40 mg/day of vitamin B as pyridoxine
9-13 years 60 mg/day of vitamin B, as pyridoxine
UL for Adolescents
14-18 years 80 mg/day of vitamin B as pyridoxine
UL for Pregnancy
14-18 years 80 mg/day of vitamin B as pyridoxine

19 years and older 100 mg/day of vitamin B as pyridoxine

UL for Lactation
14-18 years 80 mg/day of vitamin B as pyridoxine
19 years and older 100 mg/day of vitamin B, as pyridoxine

Special Considerations

A review of the literature failed to identify special subgroups that
are distinctly susceptible to sensory neuropathy after excess pyri-
doxine intake.

Intake Assessment

Based on data from the Third National Health and Nutrition Sur-
vey (Appendix H), 9 mg/day was the highest mean intake of By
from food and supplements reported for any life stage and gender
group; this was the reported intake of pregnant females aged 14
through 55 years. The highest reported intake at the ninety-fifth
percentile was 21 mg/day in pregnant females aged 14 through 55
years, most of which is pyridoxine from supplements. B, (pyridox-
ine) is available over the counter in many dosages ranging up to
100 mg or more.

Risk Characterization

The risk of adverse effects resulting from excess intake of B; from
food and supplements appears to be very low at the highest intakes
noted above. Increased risks are likely to result from large intakes
of PN used to treat conditions such as carpal tunnel syndrome,
painful neuropathies, seizures, premenstrual syndrome, asthma, and
sickle cell disease. The UL is not meant to apply to individuals who
are being treated with PN under close medical supervision.
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RESEARCH RECOMMENDATIONS FOR VITAMIN B,

Priority should be given to studies useful for setting Estimated
Average Requirements (EARs) for vitamin By for children, adoles-
cents, pregnant and lactating women, and the elderly. Future stud-
ies should be designed around the EAR paradigm, use graded levels
of nutrient intake and clearly defined cutoff values for clinical ade-
quacy and inadequacy, and be conducted for a sufficient duration.
To do this, close attention should be given to the identification of
indicators on which to base B; requirements.
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