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ABSTRACT

Vitamin B-6 nutrition has been shown to be inadequate in many population groups including
pregnant and lactating women, and in infants. Vitamin B-6 intake was measured in 98 pregnant
mothers and a total of 172 cord blood samples of their and other new born infants were
analyzed for erythrocyte alanine aminotransferase(FEALAT) activities with or without the addi-
tion of pyridoxal-5-phosphate to assess vitamin B-6 status of the infants. The average daily
vitamin B-6 intake of thc pregnant mothers was 1.79mg+ 0.88(814% of the Recommended
Dietary Allowances ; RDA) and vitamin B-6 to protein intake ratio was 0.017mg vitamin B-
6/g protein. Thirty-eight percent of the pregnant women consumed diets which provided less
than the RDA for vitamin B-6 during pregnancy. Seventy-two percent of the dietary pyridoxine
intake was provided by the plant food source whose bioavailability was reported to be lower
when compared to that of the animal food. The average activity coefficient(AC) values of
the cord blood EALAT was 141+ 0.11, and 32% of the blood samples had EALATAC values
greater than 1.25, suggesting that vitamin B-6 status of the newboms might be less than adequate.

KEY WORDS ! vitamin B-6 iniake - vitamin B-6 status - pyridoxine - pregnancy - newborn in-
fants - erythrocyte alanine aminotransferase activity cocfficients.

Introduction

Vitamin B-6 nutritional inadequacy has been
documented among many differenlt population
groups including pregnant women and new-born
infants in various nations'™. Vitamin B-6 intake
has been shown to be positively correlated with
the income and education level in the US®, and
several studies have documented positive correla-
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tions between maternal vitamin B-6 intake, mater-
nal and cord blood levels of vitamin B-6. In unde-
rdeveloped countries maternal and cord blood
has been found to be deficient in vitamin B-67%.

Vitamin B-6 requiremnent is increased during
pregnancy and inadequate vitamin B-6 nutrition
affccts the outcome of pregnancy and the birth
status of the newborn infants®1® Vitamin B-6 inf-
luences the metabolism of neurotransmitters,
sphingolipids in the central nervous system”)m‘
Animals raised on a vitamin B-6 deficient diet

have been shown to cause morphological changes
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in cerebcllum and decreased synaptic synthesis
in the cerebral cortex long before any clinical vi-
tamin B-6 deficiency symptoms appear'®'¥.

Koreans consume foods mainly of plant origin
which are known to contain vitamin B-6 in glyco-
sylated form with relatively poor bioavailability.
Since good sources of vitamin B-6 are limited to
animal foods that are more expensive, it is likely
that the vitamin B-6 intake of Koreans, and espe-
cially of Korean pregnant women might be mar-
ginally insufficient.

The purposes of this study were :

1) to ascertain vitamin B-6 intake daja among
Korean pregnant women.

2) to identify food sources contributing to the
vilamin B-6 intake.

3) to examine whether maternal vitamin B-6
intake has influences on the vitamin status of the
newborn infants at birth.

Materials and Methods

1. Study Subjects

We recruited 98 mothers who were admitted
to the maternity ward of Ewha Womans Univer-
sity Hospital for delivery. They werc apparcntly
healthy an[:l seemed to be free of any diseases
other than having their babies delivered.

2. Demographic and Socioeconomic Data

A questionnaire was formulated to collect de-
mographic and socioeconomic data from the pre-
gnant participants by the trained interviewers.
Data on hcight and weight of the mothers and
of the ncwborn infants, household income. food
expenditurc, and education level were obtained

3. Food and Nutrient Intake Data
Food and nutrient intake data werc collected
from the pregnant mothers via a combined [ood

* Chung, Hyekyung * Song, Eunseung

frequency questionnaire and 24-hour rccall me-
thod by the trained interviewers, The food freque-
ncy questionnaire was designed specifically to
identify food sources and the amount of vitamin
B-6 intake. Any changes in food intake behavior
and food preferences occurred during the prenatal
period were also noted.

Since vitamin B-6 values of Korean foods are
not yet available, we used USDA Handbook 8
and Food Values of Portions Commonly Used
to determine vitamin B-6 contents of foods that
were consumed by the study participants'!®),
Ewha software program was used to estimate ene-
rgy and other nutrient intake.

4. Erythrocyte Alanine Aminotransferase Activity
Coefficients

One hundred scventy two cord blood samples
were centrifuged, plasma and buffy coats remo-
ved, and washed with physiological saline solu-
tion twice and erythrocyte samples were prepared
immediately and stored frozen at 20T until the
assay was perfomed.

Cord blood samples were analyzed for erythro-
cytc alanine aminotransferase(EALAT) activity
spectrophotometrically with or without cxogenous
pyridoxal-5-phosphate to asscss vitamin B-6 status
17 EALAT activity coefficient was calculated

from the following formula.

EALAT AC
EALAT(+PLP) —EALAT(no PLP)
EALAT(no PLP)

Hemoglobin concentations of the erythrocyte
hemolysates were determined colorimetrically by
the Drabkin method!®.

5. Statistical Analysis
Statistical Analytical Systermn (SAS) package was
used for the analyses of the data'®. A stepwise

multiple regression analysis was performed to
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identify any variables which might influenced vi-
tamin B-6 status of the newborn infants. To anal-
yze statistical significances of the mean values
from the different groups, a T-test was performed.
A quartile analysis was performed to determine
whether maternal vitamin B-6 intake influenced
on the vitamin status of the cord blood of the
newborn infants. Maternal vitamin B-6 intake le-
vels were divided into 4 guartiles and cord blood
EALATAC values of the two groups whose mater-
nal vitamin B-6 intake werc ranked at the top
25% and bottom 25% were compared.

Results and Discussion

1. Physical characteristics of the subjects

Physical characteristics of the study subjects
are shown in the Table 1. The average age of
the pregnant mothers was 289 years. When divi-
ded into two age groups(<(30 years and “>30
years), there was no significant differcnces in pre-
pregnancy weight, weight gain during pregnancy,
and body mass index among the groups. However,
mat::rnal height of the age group younger than
30 years was significantly greater by 2.2cm than
the other.

2. Nutrient Intake of Pregnant Women

Pregnant women of the present study consumed
2,635 Calories and 1009g of protein which are
112 percents of the Korean RDAs for energy and
protein(2,350Cal and 90g) during pregnancy. and

Table 1. Physical characteristics of the subjects

their energy and protein intake seemed to be ade-
quate(Table 2). Percent energy contributions
from protein, fat, and carbohydrates werc 14.7,
21.8, and 63.5, respectively, which was close to
what is being currently recommended by the Ko-
rean nutrition scientists(15 : 20 : 65). They con-
sumed 923mg of calcium and were almost able
to meet the RDA for pregnancy(1,000mg/day).
Therc is a big regional difference in the amount
of calcium intake among pregnant women in Ko-
rea because of the high cost and other reasons
to avoid calcium-rich milk and milk products2®.
Pregnant women in the rural areas consume
400~~500mg in average, which is considerably lo-
wer than those in the urban areas(800~~900mg).
Since our study subjects were from thc middle
to upper-middle socioeconomic classes with high
income and education levels, their calcium intake
was relatively high.

3. Vitamin B-6 Intake

The average daily vitamin B-6 intake of the
subjcct was 1.79mg(Table 2). When compared to
the US RDA values?!’ (since no Korean RDAs
for vitamin B-6 has yet heen established), our
subjects consumed 814 % of the recommended
level of vitamin B-6(2.2mg). Thirty eight percent
of the subjecis(37 out of 98) consumed less than
the RDA for vitamin B-6 during pregnancy. Vita-
min B-6 intake of our subjects was comparable
1o that reported by Newman and Norcross who
estimated vitamin B-6 intake of the low-income

Measurements Age of the Mothers
20~29 yrs(n=48) >»30 yrs(n=48)
Height(am) 158.91% 0.78 156.73+ 0.69"™)
Prepregnancy Wi(kg) 52,52+ 1.05 52.49+ 1.58
Wt at parturition(kg) 64.24% 1.04 63.32+ 1.56
Body Mass Index(kg/m?) 21.29%4 0.54 20.61% 0.56

1) Meanst SE

“Values are significantly different from each other at P<{0.05.
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Table 2. Nutnent intake of pregnant women

Nutrients Amount! % Korean RDAY
Energy(Cal) 2635.54% 130.97 112.2
Protein(g) 10094+  6.46 112.2
Far(g) 6647+  6.93
Carbohydrare(g) 435.09% 31.06
Calcium(mg) 922,98+ 52.81 92.3
Phosphorus(mg) 1534.55+ 88.38
Iron{mg) 98.12+ 112 140.6
Vitarnin B-1(mg) 207 014 147.9
Vitamin B-2(mg) 241+ 0.13 160.7
Vitamin B-6(mg) 179+  0.58 81.4%
Niacin(mg) 2485+ 1.63 160.0
mg B-t/g protein 0.017

% energy pro . fat | CHO

14.7 2 21.8 1 635

1) Means SE

2) Korean RDA for pregnant women ! energy(2,350 Cal), protein(90g), calcium(1,000mg), iron(20rng),
vitarnin B-1(1.4mg), vitamin B-2(1.5ing), niacin(15mg).
8) US RDA for vitamin B-6 during pregnancy . 2.2mg/day

22)

Southeast Asian pregnant women in the US
Reynolds, et al. reported that non-lactating preg-
nant women in the US consumed 1.14mg of vita-
min B-6, and only 6% of the women met RDA
for vitamin B-6 during pregnancy®®.

Vitamin B-6 nutrition is related to protein nut-
rition as vitamin B-6 is involved in many [acets
of amino acid metabolism. It has been shown
by several researchers that protein intake influen-
ces the requirement of vitamin B-62+20". When
vitamin B-6 intake was divided by the protein
intake, our study subjects consumed 0.017mg vita-
min B-6/g protein. Kant and Block reported that
the US pregnant women consume 0.018~0.020mg
vitamin B-6/g protein®. It has been suggested an
intake of 0.016mg vitamin B-6/g of protein lo be
an optimum one for non-pregnant adult wornen
2D However, such guideline has not yet been esta-
blished for pregnant women.

The extra protein allowances for pregnancy
should be accompanied by additional vitamin B-
6. Vitamin B-6 status has often been reported to

be inadequate during pregnancy as shown in the
lower levels of PLP or B-6 vitamers and decreased
PLP-dependent enzyme activities in the plasma
or erythrocytes comparcd 10 non-pregnant womcn
77-30) Food and Nutrition Board recommends an
additional 0.6mg of vitamin B-6 to the pregnant
women to accommeodate increased protein intake
and to maintain an adequate vitamin B-6 nutri-
tional status during pregnancy?!.

Several investigators have rcported that vitamin
B-6 rcquirement during pregnancy should be inc-
reased [urther than the current RDA for pregnant
women, and as much as 4-10mg per day may be
required for some pregnant women23” . Inade-
guatc vitamin B-6 nutrition during pregnancy has
been associated with poor pregnancy outcome as
shown in the increased frequencies of low-birth
weight infants and lower Apgar scores?!032),

Kondo et al®®

. teported that even though vitamin
B-6 intake during the gestational period was more
than adequate, vitamin B-6 status of the rat pups

was poor and more vitamin B-6 than the recom-
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mended level had to be provided to the lactating
rats to ensure proper physical and neuromuscular
development of the offsprings.

However, therc arc some rcports suggesting that
the lowered vitamin B-6 status may simply repre-
sent normal, relatively benign changes in pregna-
ney. Sloger & Reynolds*> found that vitamin
B-6 supplementation during pregnancy and lacta-
tion did not improve on the vitamin B-6 status
of the rat pups. Furth-Walker, et al®®. found that
during pregnancy plasma PLP is decreased by
50% ., while PLP in erythrocyte and whole blood
incrcased suggested that metabolism or utilization
of vitamin B-6 is altercd during pregnancy.

4. Food Groups Contributing to the Vitamin B-

6 Intake
Foods that were consumed by the participants
were analyzed by the food groups. As shown in
the Figure 1, vegetables and fruits contributed vi-
tamin B-6 the most(40.7%), followed by grains

Sea Weeds(0285) Fggs(1 8%5)
Leaumes(2 8%4) A
Milk & Milk
Products(8 5%5) Vegetables &

Fruns(40 795)

Meat Fish &
Poulry(17 1%

Grains & Cereals(28 1%

Anmal Food(Z8 2%)

Plant Food(718%)

Fig. 1. A. Contributions made by Food Groups to Vita-
min B-6 Intake.
B. Contributions made by Animal and Plant
Food to Vitamin B-6 Intake

and cereals(28.1% ), meat, fish and poultry(17.1
%), milk and milk products(8.5%), legumes(2.8
%), eges(1.8% ), and seaweeds(0.2% ). Plant food
provided 71.8 %, morc than 2/3 of the total vitamin
B-6 intake.

The richest sources of vitamin B-6 are chicken,
fish, organ meats, and pork. Whole grains and
legumes are also pood sources of vitamin B-6.
Vitamin B-6 occurs mainly in animal foods which
are relatively expensive and Kant and Block® re-
ported that vitamin B-6 intake was positively cor-
rclated with income and cducation levels in the
Us.

Howcver, milled grains such as polished rice,
milled whcats, legumes, vegetables and fruits are
the poor sources of vitamin B-6 because B-6 oc-
curs in bound forms in nature. Vitamin B-6 in
plant foods is bound to glucose, and its bioavaila-
bilities have been shown to be questionable. Gly-
cosylated vitamin B-6 cannot be utilized by hu-

man beings. although it is absorbed well73%.

5. Usuage of Vitamin B-6 Containing Nutritional
Supplements

Twenty women(224%) of the study subjects
were laking commercially available nutritional
supplements containing pyridoxine - HCL Table
3 shows the contents of vitamin B-6 of the com-
mercially availablc prenatal nutritional supple-
ments. These supplements contain 0.08mg~—~20.0
mg of pyridoxine - HC1 per tablet, our subjects
consumed Materna(the most frequently used
one) and Hemo-Contin which contain 4.86mg
and 5.0mg of pyridoxine HC1(3.0mg and 3.08mg
of pyridoxine), respectively. There was no differe-
nces in vitamin B-6 intake from (ood among the
women regardless of their usuage of the supple-
ments(Table 4). Notably, several participants
were taking three tablets of the supplements daily,
which might result in excessive intake of some
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of the fat-soluble vitamins and minerals.

6. Vitamin B-6 status of the Newborns at Birth

Vitamin B-6 status of the newborns at birth was
assessed by measuring erythrocyte alanine ami-
notransferase activities with or without the addi-
tional of exogenerous PLP. The average EALAT
activity coefficient of 171 cord blood samples was
141~0.11. When the conservative criterion for
vitamin B-6 inadequacy suggested by Sauberlich,
et al'”(EALAT AC greater than 125). is used,
32% (55 out of 172) of the cord blood samples
were shown inadequate in vilamin B-6 status.
Among these samples, 9.9% had EALAT AC va-
lues greater than 2.00(Table 5).

Erythrocyte alanine transaminase activity coef-
ficient values of the cord blood were significantly

Table 3. Pyndoxine content of the commercial nutn-
tional supplements

Commercial Amount of pyridoxineo
Supplements HCI" mg per twablet
Materna 4.36
Hivinal $ 10.0
Vinapollo A 2.0
Supradyn 10.0

Grant 7.29
Centrum 3.65

Hemo Contn 5.0
Hanbangyeosungmo 0.08
Vitomin 20.0
Poltespan 5.0

*61.783% ol pyridoxine HCl is free pyridoxine.

Table 4. Supplement usuage and vitamin B-6 intake

* Chung, Hyekyung * Song, Eunseung

higher for the group whose mothers’ vitamin B-
6 intake was in the lowest quartile(Table 6). In
the previous report we documented that energy,
protein, iron, vitamin B-2 intake among other thi-
ngs also positively influenced the vitamin B-6 sta-
tus of the newborns at birth*”.

Along with the other water-soluble B vitamins,
vitamin B-6 is transported from the the maternal
circulation to the fetus actively, securing a good
supply of vitamin B-6 to the fctus?”. However,
when maternal vitamin B-6 nutrition is inade-
quate, fetus might not be able to do so. Roepke
and Kirksey reported that there is a positive corre-
lation between maternal vitamin B-6 intake and
the erythrocyte PLP concentrations of the cord
blood”. Ramsey et al”. measured EALAT AC
of the maternal and cord blood from the Kenyan
peoplc of the low socioeconomic siatus. They
found that 35% of the maternal blood and 15%
of the cord blood sample were deficient in vitamin
B-6%. They also reported that the activity of dia-
mine oxidase, another PLP-depcndent enzyme,

Table 5. Distribution of cord blood EALAT AC va-

lues
EALAT AC Values  Number of Subjects(%)
<1.25 117(68.0% )
1.25~2.00 38(22.1%)
>2.00 17¢ 9.9%)

1) EALAT activity coeflicient was calculated from the
following formula.
EALAT(+ PLP) —EALAT(no PLP)

EALAT AC = -
EALAT (no PLP)

from food Table 6. Maternal vitamin B-6 intake and cord blood
Vitamin B-6 Intake from Food EALATAC
(mg/day) EALATAC
Supplemented 1.74+0.84 (76) Viamin B-6 Q, 1.27+ 0.25%
Unsupplemented 1.80+ 0.90 (22) Intake Q; 0.71+0.16
1) Meanst SE Q; I maternal vitamin B-6 intake bottom 25%

2) Number of subjects
Values are not significantly different from each
other.

Q; I maternal vitamin B-6 intake top 25%
EALATAC ! erythrocyie aanine aminotransferase
*significant at p<0.05

935 —



Maternal Vitamin B-6 Intake and B-6 Status of Newborns

was also low in these subjects. Kaminetzky et al*?.
reported that birth weight of the infants was signi-
ficantly low when maternal vitamin B-6 levels
were low. Schuster et _531__10). reported that the Apgar
scores at 1 min after birth were significantly lower
for the infants born from the mothers whose vita-
min B-6 intake was low and EALAT stimulation
was higher than the infants born from the mo-
thers whose vitamin B-6 intake and EALAT AC
values were both normal.

Animals studies have shown that vitamin B-6
restriction during gestation, either marginal or se-
vere, affects synaptic density in the caudate/puta-
men, the size of the dendritic field of Purkinje
cells in the cerebellum, and synaptogenesis and

neuron differentiation in the neocortex!¥1441342),

Conclusion

1) The average vitamin B-6 intake of Korean
pregnant women was 1.79mg/day, which was lo-
wer than the recommended level {or pregnant wo-
men{2.2mg/day). Thirty eight percent of the preg-
nant subjects consumed vitamin B-6 less than the
RDA level.

2) When expressed per gram of protein, preg-
rant participants consumed 0.017mg vitamin B-
6 per gram of protein, which was slightly lower
than the average consumption of the US pregnant
women(0.018~0.020mg vitamin B-6/g protein).

3) Plant food was found to be a major contri-
butor(71.8%) to the total intake of vitamin B-6
of the pregnant subjects. Vcgetables & fruits, ce-
reals & grains, and legumes provided 40.7 %, 28.1
%, and 2.8%, respectively of the total vitamin B-
6 intake.

4) Twenty-two percent of the subjects volunta-
rily consumed prenatal nutritional supplements
containing vitamin B-6. The most frequently used

prenatal supplement was Materna of the Lederle
Company which contains 4.86mg of pyridoxine -
HCI1(3.0mg pyridoxine) per tablet.

5) Results from the 172 cord blood EALATAC
analyses showed that 32% of EALATAC values
were greater than 1.25, which suggests that the
prevalence of vitamin B-6 inadequacy might bc
significant among Korean newborn infants.
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