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Introduction

The embryo and fetus are totally dependent on the
and the maternal-fetal
transfer of nutrients. An adequate diet is required
during pregnancy to make up for the energy depos-

maternal nutrient status

Dietary folate intake during pregnancy
and birth weight in Japan

Abstract  Background Inade-
quate folate status has been asso-
ciated with many negative
reproductive outcomes, such as
neural tube defects (NTD), low
birth weight and placental abrup-
tion. Aim of the study The objec-
tives of this study were to evaluate
the levels of dietary folate intake
during pregnancy in Japanese
women and the subsequent birth
weight of their babies. Methods A
longitudinal prospective study was
conducted with 197 women with a
singleton pregnancy in 2005. Die-
tary folate was investigated 3
times: in the first trimester at
12 weeks, in the second trimester
at 20 weeks and in third trimester
at 32 weeks using a diet history
questionnaire (DHQ). Non fasting
blood samples were collected from
the women for measurement of
homocysteine, hemoglobin, ferri-
tin, unbound iron-binding capac-
ity (UIBC) and total iron-binding
capacity (TIBC). Results Energy
intake increased as pregnancy
advanced, but not significantly.

The daily intake of folate increased
from 248.5 = 113.1 pg/d in the
first trimester to 275.4 + 100.2 pg/
d in the third trimester (P = 0.04).
This was well below the recom-
mended level of 440 ng/d and only
10% of mothers were above the
levels. In the third trimester,
plasma homocysteine concentra-
tion was significantly higher in the
low folate group of less than

250 pg/d (P = 0.02), but not the
first and second trimesters. Die-
tary folate intake and plasma
homocysteine concentrations were
not likely to be predictors of birth
weight in our subjects. Conclu-
sions Our study shows that Japa-
nese women’s energy and folate
intakes do not meet their energy
needs during pregnancy and are at
an extremely low recommended
dietary allowance level throughout
pregnancy.

Key words dietary folate
intake - pregnancy -
maternal nutrition -
birth weight

ited in maternal and fetal tissues, and a high folate
intake is also required because of increased folate
utilization and catabolism [11]. In early pregnancy

inadequate folate status has been associated with
many negative reproductive outcomes, such as an
increased risk of neural tube defects (NTD) [1,27] and
recurrent spontaneous abortion [14]. In general, the
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recommended timing of folic acid administration is
from before conception until the end of the first tri-
mester. Recently, it has been reported that folate
deficiency is also closely associated with placental
abruption, pre-eclampsia [2, 16], anemia and preterm
delivery [9, 17, 18] not only in the first trimester, but
also in the second and third trimesters and/or
throughout pregnancy. Scholl et al. reported that low
folate intake (<240 pg folate/d) at week 28 was asso-
ciated with a more than 3-fold increase in risk of infant
low birth weight [21]. Goldenberg et al. [3] also
reported an effect of lower serum folate at week 30 on
reduced infant birth weight in Alabama women with
risk factors for intrauterine growth restriction (IUGR).
Therefore, appropriate folate levels may be important
throughout pregnancy until full term, not only during
the periconceptional period and early pregnancy.

In Japan, fortification of enriched grain product
with folate is not compulsory or endorsed officially;
however, 440 pg dietary folate intake with balanced
meals was recommended to all Japanese women of
reproductive age by the Ministry of Health and Welfare
in 2000 to prevent birth defects [6]. However, the
incidence of NTD births in Japan reduced by only 7%
from 1991-2000 to 2001-2002 [24], which was a small
change compared to other developed countries, such as
the USA [23] and Canada [15]. In addition, the average
birth weight of Japanese infants has gradually reduced
since 1985 and the prevalence of low birth weight
(LBW: birth weight less than 2,500 g) has increased
[12]. Therefore, we conducted a prospective observa-
tional study to evaluate whether the information about
additional folate intake had an influence on the
maternal nutritional status of Japanese women. The
objectives in this study were to evaluate the levels of
dietary folate intake during pregnancy in Japanese
women and the subsequent birth weight of their babies.

Materials and methods
Subjects

The study design was a longitudinal prospective study
involving healthy pregnant women and age-matched
non-pregnant women. The women subjects were
attending antenatal care services at the Nagai Clinic,
which is located in Misato City, Saitama, Japan, and
which has approximately 1,800 deliveries a year. The
subjects were recruited to the study during their first
antenatal visit. All were at 6-8 weeks gestation and
visited the clinic to confirm the conception between
June and September in 2005. Gestational age was
estimated from the first day of the last menstrual
period, and fetal growth was confirmed by ultrasound
examination at approximately 8-11 gestational weeks.

Participating women underwent routine physical
examinations during pregnancy, including blood
pressure measurements, urine test, hematology, and
ultrasound examination. Women with a clinical
diagnosis of gestational or pregestational diabetes,
pregnancy-induced hypertension, multiple deliveries,
stillbirth, or fetal malformation were excluded from
the study. The control subjects were recruited from
the staff members in the same clinic and matched for
age and BMI. They were not taking any prescribed
medication, including oral contraceptives.

Anthropometric measurements

Subjects were classified according to prepregnancy
BMI (kg/mz) into underweight (BMI < 18.5), normal
(18.5 < BMI < 25.0), and overweight (BMI > 25.0)
groups, following the definitions of the Japan Society
for the Study of Obesity [5]. Weight gain was mea-
sured at each physical check-up. Total pregnancy
weight gain was defined as the difference between the
self-reported pre-pregnancy weight and the measured
weight at the last prenatal visit close to delivery. Other
demographic data, including age, parity and medical
history, were obtained from the prenatal records.
Infants’ birth weight and length were measured after
delivery. Smokers were defined as women who had
smoked any number of cigarettes during pregnancy,
regardless of smoking status before conception: par-
ticipants were classified as nonsmokers or smokers.

Dietary assessment

Dietary habits during the last month of gestation were
assessed with a self-administered diet-history ques-
tionnaire (DHQ), which was completed by each mo-
ther while waiting for the medical examination. The
DHQ took approximately 20 min to complete. Data
were obtained 3 times: at 12, 20, and 32 weeks. The
DHQ is a 16-page structured questionnaire, consisting
of the following 7 sections: general dietary behaviors,
major cooking methods, consumption frequency and
portion size of 6 alcoholic beverages, semiquantitative
frequency of intake of 121 selected food and nonal-
coholic beverage items, dietary supplements, amount
and consumption frequency of 19 staple foods (rice,
bread, noodles, and other wheat foods), and open-
ended items for foods consumed regularly (=1 time/
week) but not appearing in the DHQ. The food and
beverage items and portion sizes in the DHQ were
derived primarily from the National Nutrition Survey
of Japan data and several recipe books for Japanese
dishes [20]. Measures of dietary intake for 147 food
and beverage items, energy, fat, total carbohydrates,
alcohol and dietary fiber were calculated by using an
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ad hoc computer algorithm developed for the DHQ,
which was based on the Standard Tables of Food
Composition in Japan [22].

Blood collection and analysis

Pregnant women had non-fasting blood samples col-
lected at 12, 20 and 32 weeks of gestation for mea-
surement of homocysteine, hemoglobin, ferritin,
UIBC and TIBC. Blood samples were drawn from the
antecubital vein in potassium ethylenediaminetetra-
acetic acid (EDTA) and serum separator tubes, and
then centrifuged for 10 min at 3,000¢ to separate the
serum, which was stored at —80°C until analysis.
Plasma was removed and stored at —80°C until anal-
ysis. Serum albumin was assayed using an enzymatic
method. UIBC and TIBC were measured by compet-
itive protein binding assay (Quick auto Neo UIBC Kit
and Quick Neo Fe kit, Sino test co, Japan). Serum
ferritin was measured by a chemiluminescent immu-
noassay (N-Assay TIA Kit, Nitobo, Japan). Plasma
homocysteine was measured by an enzymatic colori-
metric assay using a single wavelength of 660 nm
(AZWELL Auto Hcy Kit, Alfresa co, Japan) [10].

Statistical analysis

Nutritional intakes were analyzed in each trimester
and compared to the control. Dietary folate intake was
divided into two groups according to the median: low
folate group (dietary folate intake <250 ng/d) and
high folate group (=dietary folate intake 250 pg/d).
Differences in continuous variables were determined
by independent ¢ test, the Mann-Whitney-Wilcoxon
test for non-normally distributed data or repeated
measures ANOVA. Multiple regression analyses were
performed after adjustment for possible confounding
factors, such as gestational weeks, infant sex and
maternal smoking. A P-value <0.05 was considered to
be statistically significant. Statistical analysis was
carried out with SPSS for Windows, version 12.0
(SPSS Inc, Chicago, III, USA).

The study was approved by the Ethics Committees
of the University of Tokyo and Nagai Clinic. Written
consent was obtained from all participants, after
obstetricians explained the purpose, significance, and
protocol of the study.

Results

Of 220 pregnant women initially recruited, 197 suc-
cessfully completed the study. Table 1 shows the
demographic characteristics of mothers and infants,

and of 30 non-pregnant women in the control group.
In pregnant women, the average maternal age (£SD)
was 30.8 £ 4.5 years old. Their average BMI (+SD)
was 21.0 + 3.6 kg/m®. Out of 197, 44(22.3%) were
classified according to pre-pregnancy BMI as under-
weight, 131 (66.5%) as normal, and 22 (11.2%) as
obese. No significant difference in weight gain was
observed between the pre-pregnancy BMI categories.
On the other hand, in the non-pregnant women, the
average age and BMI (£SD) were 29.4 * 4.3 years old
and 21.0 * 3.0 kg/m®, respectively. There was no
significant difference in age or BMI between the
pregnant and non-pregnant women. The percentages
of smokers in the preconception and pregnant groups
were 20.3 and 10.7%, respectively. The mean gesta-
tional duration (+*SD) was 38.9 = 1.0 weeks. The
mean birth weight (+£SD) was higher for male infants
than for female infants (3074.4 + 337.5 g vs 2949.8 *
328.2 g, P < 0.03).

Table 2 shows the mean daily nutrient intake
throughout pregnancy. The mean total energy intake
for pregnant women was 1723.0 = 591.6, 1754.8 +
442.3, and 1792.5 + 442.9 kcal, in the first, second
and third trimesters, respectively. The energy intake
increased as pregnancy advanced, but not signifi-
cantly. The mean total energy intake for non-pregnant
women was 1722.9 + 444.4 kcal. No significant dif-
ference was observed throughout the trimesters be-
tween pregnant women and non-pregnant women. In
pregnant women, the intake of folate increased from
2485 + 113.1 g in the first trimester to 275.4 *
100.2 g in the third trimester (P = 0.04). However, the
daily intake amounts were well below the recom-
mended levels. There was no significant difference
between pregnant and non-pregnant women in this
respect.

Table 3 shows the medians and percentiles of
energy intakes from Vitamin B6, B12 and folate
throughout pregnancy. In pregnant women, only the
intake of vitamin B12 was above RDA levels.
Regarding folate intake, almost all mothers were
below the RDA levels throughout pregnancy.

Maternal biomakers for the low and high folate
intake groups are shown in Table 4. In the first and
second trimesters, there was no significant difference
in biomarkers between the low and high groups. In
the third trimester, plasma homocysteine concentra-
tion was significantly higher in the low folate group
(P = 0.02).

Table 5 shows the association of dietary intakes
and plasma homocysteine concentrations with birth
weight, using multiple regression analyses controlling
for maternal age, parity and infant sex. The analysis
indicated that dietary folate intake was the only pre-
dictor of birth weight, but not significantly in the
third trimester (P = 0.06). The other factors including
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Table 1 Maternal and infants’ demographic characteristics

Pregnant women (n = 197) P-values Control (n = 30)* P-values*
Mean + SD Range Mean £ SD Range

Mother

Age (years) 30.8 + 4.5 19-42 294 + 43 19-34 0.08

Height (cm) 1579 £ 54 145.0-173.5 158.1 + 6.2 147.0-171.0 0.32

Prepregnancy BMI (kg/m?) 210 + 3.6 16.7-36.9 21.0° + 3.0 17.9-30.5 0.80

Underweight n(%) 44 (22.3) NS

Normal n(%) 131 (66.5)

Obese n(%) 22 (11.2)

Maternal weight gain (kg)

Underweight 10.1 + 3.1 0.8, 7-16.6 NS

Normal 93 £35 0.1-21.0

Obese 85+39 —73 t0 215

Primipara (%) 50.3 60.0

Smoking

Preconception (%) 174

During pregnancy (%) 74

Anemia

First trimester (%) 17.8

Second trimester (%) 34.0

Third trimester (%) 36.5

Infant

Gestational weeks (w) 389 + 1.0 37-41

Birth weight (g)

Boys 3,077 £ 321.2 2,245-3,750 0.03

Girls 2.994 + 348.7 225-3,610

Birth length (cm) 48.7 + 1.6 43.9-51.9

Ponderal index (kg/m?) 262+ 19 20.6-31.1

Placenta weight (g) 563.4 + 93.6 350-850

Values are presented as mean = SD or n(%). Underweight (BMI < 18.5 kg/m?), Normal (18.5 < BMI < 25.0 kg/m?), Obese (BMI > 25.0 kg/m?)
NS non significant

*P values: Pregnant women vs. Control (t test)

2Control:Non-pregnant women

PCurrent BMI

Table 2 Mean daily intakes of nutrition throughout pregnancy

Pregnant women (n = 197) RDA P values** Control (n = 30) P values* (control
(1st vs. 2nd and (Non-pregnant Vs pregnant women)

First trimester  Second trimester Third trimester 3rd trimesters)  women:n = 30)
Mean + SD Mean + SD Mean £ SD Mean + SD RDA

Total energy (kcal) 1723.0 £ 591.6 1754.8 £ 4423 17925 + 4429 I 0.40 17229 + 4444 1 0.74

Protein (g) 534 + 21.1 571 £215 597 £17.2 70 0.005 548 + 193 60 0.60

% energy from total fat (%) 27.2 £ 6.0 287 £ 5.1 293 £ 5.6 20-30 0.01 275 £ 63 20-30 0.46

% energy form carbohydrate (%)  59.6 + 7.1 574 59 56.6 = 6.3 50-70 <0.001 535 +74 50-70 0.002

Calcium (mg) 4709 + 2287 5215 £ 2134 553.5 + 2345 700 0.002 417.3 +219.0 600  0.038

Iron (mg) 57 +24 6.1+ 19 63 + 2.0 10.5 0.02 56+21 105 029

Vitamin A (ug) 5429 + 569.2 588.6 + 452.7 632.7 + 498.7 600 0.24 540.0 £ 425.0 600  0.22

Vitamin B1 (mg) 0.7 £ 03 0.8 +03 0.8 + 03 1.1 0.06 07+03 1.1 0.24

Vitamin B2 (mg) 117 £ 0.5 13 +£04 13+04 1.2 0.06 1.1+£04 1.2 0.13

Vitamin B6 (mg) 08 £ 04 09+03 09 £03 2 0.008 0.9 £ 04 0.64

Vitamin B12 (mg) 48 + 3.6 52+28 55+ 29 2.8 0.09 55+ 29 0.58

Folate (j.g) 2485 £ 1131 261.6 £ 943 2754 £ 100.2 440 0.043 2543 £ 1203 200 0.72

Vitamim C (mg) 103.8 + 69.2 96.4 £50.7 1048 £572 100 0.33 869 £762 100 0.24

Vitamin D (g) 48 + 34 50+ 28 53 +3.2 5 0.41 59+36 5 0.19

Values are presented as mean + SD. RDA: Mean values of recommended dietary allowances for physical activity level Il in 2005. RDA for total energy is 2,000 kcal for
non-pregnant women. RDA for total energy is 2,050 in the first, 2,250 in the second and 2,500 Kcal in the third trimester for pregnant women

*P values: control vs. pregnant women (Mann-Whitney U test)

**P values: 12 weeks vs. 20 and 32 weeks (repeated-measures ANOVA)



H. Watanabe et al. 345
Maternal dietary folate intake in Japan
Table 3 Daily nutrient intake throughout pregnancy
Percentile
5 10 25 50 75 90 95
Energy intakes (Kcal)
First trimester 861.9 1005.8 1320.0 1643.6 2056.0 24304 2812.9
Second trimester 1104.2 1220.7 1512.0 1721.9 2002.1 2339.4 2605.9
Third trimester 1111.9 1241.6 1472.9 1821.3 2081.5 2342.5 2483.3
Control 1109.7 1166.5 1387.7 1679.8 1964.1 2489.3 2713.2
Dietary vitamin B6 (mg)
First trimester 0.3 0.4 0.6 0.8 1.0 13 1.4
Second trimester 0.4 0.6 0.7 0.8 1.1 13 1.6
Third trimester 0.5 0.6 0.7 0.9 1.1 1.4 15
Control 0.4 0.4 0.6 0.9 1.1 1.6 1.8
Dietary vitamin B12 (mg)
First trimester 13 1.7 2.7 4.1 6.1 7.9 8.8
Second trimester 1.8 23 3.1 4.8 6.6 94 11.0
Third trimester 20 24 34 5.1 6.9 9.5 12.1
Control 1.7 22 3.1 5.0 6.9 10.8 10.9
Dietary folate (1)
First trimester 98.9 134.3 171.2 2317 296.1 364.1 402.2
Second trimester 1333 156.0 196.1 2436 309.8 380.5 415.2
Third trimester 140.3 161.4 203.9 264.4 334.0 416.8 474.7
Control 91.0 136.4 171.6 2359 2719 426.5 573.1
Table 4 Mean of maternal biomarkers by dietary folate intake pregnancy. A possible reason may be that well-
nourished women require only a small amount of
<250 g 2250 pg P

First trimester n =101 (55.8%) n = 80 (44.2)

Plasma homocysteine (pM) 57 25 53+ 22 0.08
Hemoglobin (g/dl) 126 = 9.8 11.8 £ 0.7 0.21
Serum ferritin (ng/dl) 119.9 + 40.7 122.0 + 39.0 0.97
UIBC (ug/dl) 2329 + 754 248.6 + 79.2 0.11
TIBC (ug/dl) 348.9 + 63.5 370.6 + 64.9 0.06

Second trimester n=97 (51.6%) n =91 (484%) P

Plasma homocysteine (iM) 52+19 52+19 0.63
Hemoglobin (g/dI) 113 0.7 112 08 0.09
Serum ferritin (pg/dl) 116.5 = 42.8 106.4 = 42.6 0.08
UIBC (ng/dl) 3114 £103.6  321.0 £ 11111 0.62
TIBC (pg/dl) 4279 + 819 423.6 = 96.5 0.77

Third trimester n = 87 (46.5%) n =100 (53.5%) P

Plasma homocysteine (M) 6.0 + 24 54 +24 0.02
Hemoglobin (g/dI) 11.2 £ 0.6 122 £ 9.7 0.89
Serum ferritin (ng/dl) 77.2 + 67.6 92.6 + 85.0 0.17
UIBC (pg/dI) 4644 + 129 4509 + 1186 054
TIBC (ng/dl) 534.5 = 106.2 5249 + 1209 0.69

dietary B6, B12 intakes and plasma homocysteine in
all trimesters were not related to infant birth weight.

Discussion
Consistent with the findings of the Japan National

Nutrition Survey [19], we found that the majority of
mothers did not follow the RDA guidelines during

additional energy because the body adapts to its en-
ergy requirements; it becomes more energy efficient
through reduced physical activity and a lowered
metabolic rate. Weight gain management may
potentially be another variable that influences nutri-
tion during pregnancy. Ueda et al. found that
maternal weight gain during pregnancy and birth
weight had decreased by approximately 2 kg from
1988 to 2002, with the aim of delivering smaller in-
fants with less delivery complications [26].

In our subjects, although folate intake had gradu-
ally increased throughout the trimesters, only 10% of
the women met the pregnancy recommendations for
folate intake. Mito et al. [13] reported that more than
80% of Japanese women aged between 17 and 41 had
inadequate folate intake in 2002. In the study con-
ducted by Kondo et al. [6] in 2002-2004, the reported
rate of awareness of the importance of dietary folate
intake was 13% for young Japanese women and 15%
for mothers who had already given birth. Our findings
do not suggest that the folate intake RDA is too high
for Japanese women because a deficiency in folic acid
can lead to neural tube defects in the offspring [1, 27].
However, awareness of the importance of adequate
folate intake has not improved in Japanese women
since 1998, the year the guidelines on folate intake
were issued. Therefore, we should place greater
emphasis on this issue and discuss how the RDA
guideline can work more effectively with the public.

We found that plasma homocysteine concentra-
tions were higher in women with low dietary folate
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Table 5 Multiple regression analyses to evaluater the association of various parameters in each trimester with birth weight

First trimester

Second trimester Third trimester

Effect size P Effect size P Effect size P

Dietary

Vitamin B6 1247 0.38 485 0.71 208.7 0.13
Vitamin B12 3.8 0.78 =53 0.66 —-10.6 0.34
Folate —0.6 0.21 —0.2 0.63 —0.8 0.06
Plasma homocysteine -10.8 0.28 -11.2 0.36 -10.8 0.86
Maternal smoking (vs non-smoking) —-136.1 0.09 —146.8 0.06 —136.1 0.11
Prepregnancy BMI 15.9 0.02 14.5 0.03 15.9 0.07
Gestational age (weeks) 105.6 <0.001 104.1 <0.001 105.6 <0.001

Adjusted for maternal age, parity and infant sex

intake <250 pg/d than in women subjects with an
intake of 2250 ng/d, in the third trimester, but not in
the first and second trimesters. Plasma total homo-
cysteine concentration is regulated by folate as a high
folate reduces the homocysteine levels. Folate is
essential for DNA and RNA biosynthesis and is re-
quired for homocysteine metabolism. Yajnik et al.
[28] reported that higher maternal plasma homocys-
teine concentration was significantly associated with
lower birth weight (r = —0.28). In our study, using a
multiregression analysis, we found that dietary folate
intake and plasma homocysteine concentrations were
not likely to be predictors of birth weight. However,
conflicting results for other Japanese subjects have
been recently published [25]. The possible reasons
may by controlled for different confounding factors in
multiple regression analysis. The extent to which
maternal folate nutrition affects fetal growth could
not be determined, because of the lack of sufficient
statistical evidence due to small sample sizes. Thus,
the influence of maternal folate status on birth size
remains controversial.

A strength of the current study was that we
examined maternal nutritional status longitudinally.
Almost all previous published studies in Japan were
cross-sectional [13, 25]. However, there are a number
of limitations inherent to this study. First, we did not
have data on serum folate concentrations as a bio-
marker of nutritional status. In most studies, serum
or plasma folate concentrations are used as indicators
of folate status. However, folate intake and circulating
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