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Abstract

Aim: To quantify the consumed amount of dietary folate and to evaluate effects of folic acid and balanced diets

on serumn folate concentrations.

Material & Methods: Food records collected from 641 pregnant women were assessed to quantify the con-
sumed amount of dietary folate for a 6-year period from 2003 to 2008. Changes in serum folate concentrations
were evaluated among 80 pregnant women who either took folic acid tablets or consumed balanced diets in

2008.

Results: Though the dietary folate intake averaged 331 g daily, 200 women in the 1st trimester consumed the
least amount of dietary folate, 294 pg daily. It was observed that 42% of the 200 women either consumed at least
440 ug of dietary folate daily or took 400 pg folic acid supplements daily, but that 58% of them neither
consumed dietary folate of 440 g nor took folic acid supplements. Intakes of 400 g folic acid supplements for
5 weeks resulted in a significant increase in serum folate concentrations but the consumption of balanced diets

had no effect on increasing folate concentrations.

Conclusions: The average intake of dietary folate did not fulfill the Recommended Dietary Allowance of
440 pg. Serum folate concentration significantly increased only among pregnant women who took folic acid
supplements. Recommendations to consume balanced diets do not seem effective to decrease the incidence of

neural tube defects.

Key words: dietary folate, folate concentrations, folic acid, food records, neural tube defects.

Introduction

In 1991, the Medical Research Council vitamin study
research group’ published details of a landmark ran-
domized controlled trial: they found that a periconcep-

tional intake of 4 mg of folic acid a day prevented the
recurrence of neural tube defects in offspring of
multiparae by 72%. The effectiveness of folic acid in
preventing such defects in the 1st pregnancy was
confirmed in Hungarian primiparae® with 800 ug in
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1992 and in Chinese primiparae with 400 pg in 1999.2 In
2000, the Japanese government recommended that
young women of reproductive age should eat a well-
balanced diet and that women planning to conceive
should take folic acid supplements of 400 pug daily in
addition to consuming a healthy nutritious diet* In
2005 the government revised the Recommended
Dietary Allowance (RDA) to 440 pg daily for pregnant
women.”

The aim of our study was to assess how much folate
pregnant women consume in their daily diets and to
what extent serum folate concentrations actually
increase through taking folic acid supplements or con-
suming folate-rich diets according to the governmental
recommendation.

Methods

From 2003 to 2008, over 150 obstetricians/
gynecologists selected from the Japan Society of
Obstetrics and Gynecology randomly distributed
approximately 3100 food records among pregnant
women under their care for 4 months (September to
December) each year (Table 1). Pregnant women were
asked to voluntarily participate by recording their food
items as quantitatively as possible with or without
using scales for 3 days. The food records collected from
641 women were analyzed in detail regarding the total
amount of folate, energy, protein, fat, carbohydrate,
vitamins and minerals using a computerized dietary
analysis program (Meicook 2005, Yumekobou Litd,
Kobe, Japan) which is based on the 5th edition of the
standard tables of food composition in Japan.®
The women described their body height, bodyweight,
jobs, gestation in weeks, presence of emesis and
whether they took folate supplements every day. When
a pregnant woman stated that she took folic acid
supplements or multivitamins containing folic acid, we
presumed the amount to be 400 ug a day. This is
because the label on supplement bottles recommends
that pregnant women should take 400 pg daily. Ana-
lyzed food records were returned to the women and
their doctors, so that, if necessary, their dietary behav-
iors might be improved.

In the second part of the study, 10 obstetricians/
gynecologists recruited 83 pregnant women, 30 of
whom had taken folic acid supplements and 53 of
whom had not taken the supplements. The former
were asked to switch to new folic acid tablets and to
take 400 pg every day which we provided (group A).
The latter were divided into two groups depending on

332

years. The proportion who took folic acid supplements

Table 1 Characteristics of 641 pregnant women who presented food records over a period of 6

increased year after year

Women in 3rd
trimester (1)

Women in 2nd

trimester (n)

Women in 1st

Food records
collected (n)

Year

BMI (SD) Supplement

Age (SD)

trimester (1)

users (%)

27
17
23
17

5 (9.6)
32 (34.0)
29 (27.9)
33 (38.4)
51 (48.6)
86 (43.0)

236 (36.8)

21.3 (4.1)
22.8 (2.7)
22.3 (3.7)
223 (3.2)
21.6 (3.6)

30.8 (4.1)
30.6 (4.0)
32.2 (4.5)
32.1 (4.4)
31.2 (4.0)
31.0 (4.5)
31.3 (4.3)

2003
2004
2005
2006
2007

42
74
200

22.1 (3.3)
22.1 (3.3)

BMI, body mass index; SD, standard deviation.

2008
Total

© 2011 The Authors
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Table 2 Characteristic of 80 pregnant women who were assigned to one of the three groups. Statistical difference was not
observed in age, BMI and gestation in weeks among the three groups but in the period of intervention between groups B

and C (P =0.0343)

Group Women Age (SD) BMI (SD) Gestation in Period of intervention
(n) weeks (SD) in weeks (SD)
A 28 309 (4.7) 22.1 (39) 11.0 (5.1) 46 (1.0)
B 31 329 (4.6) 22.7 (4.0) 10.5 (6.5) 4.5 (0.9)
C 21 30.9 (4.5) 22.9 (3.6) 13.7 (5.4) 52 (1.6)
Total 80 31.6 (47) 22.6 (3.8) 11.5 (5.8) 47 (1.2)
BMI, body mass index, SD: standard deviation.
their preference into either taking supplements 400 ug 600
every day (32 women in group B) or consuming bal- 500
anced diets every day according to the governmental 400 34 361 556
recommendation (21 women in group C). For those of 300
group C, a registered dietitian or a midwife explained 200
the importance of folate-rich diets using a colored 100

booklet on nutrition. The period of intervention aver-
aged 4.7 weeks (4-9 weeks) and all the women gave
written consent before being measured twice for the
serum folate concentration prior to and after interven-
tion. At the 2nd blood sampling, the women’s compli-
ance was assessed by a questionnaire, which revealed
that all of them complied with our instructions with a
completeness of 80 to 100%. The serum folate concen-
tration was measured using a chemiluminescent
immunoassay method (SRL Inc., Tokyo, Japan).

Definition of the trimesters followed the standard of
Japan, that is, the 1st trimester is up tol5 weeks and
6 days, the 2nd trimester covers the period between
16 weeks and 27 weeks and 6 days, and the 3rd trimes-
ter is 28 weeks and over. The first study was approved
by the Ethics Committee of Tsushima Rehabilitation
Hospital and the second one was separately approved
by the Ethics Committees of 10 hospitals. Statistical
analyses were performed using the chi-squared test
and the Mann-Whitney U-test (StatView-J5.0; SAS
Institute, Cary, NC). A P-value < 0.05 was considered
statistically significant.

Results

Of the 3100 food recording sheets distributed over the
6-year period of the study, a total of 641 were returned
by post in the stamped envelopes provided—a reply
rate of 21%. The characteristics of the responders are
depicted in Table 1. Their age and BMI averaged 31.3
and 22.1, respectively, and users of folic acid supple-
ments gradually increased year after year, eventually
reaching 43% in 2008. Two hundred women (31.2%)

© 2011 The Authors

2006 2007 2008

values

Dietary folate intakes among 641
pregnant women

Figure 1 Dietary folate intakes averaged 331 * 164 ug a
day, varying from 296 = 138 in 2007 to 361 * 185 in
2005, but the amount consumed never exceeded the
Recommended Dietary Allowance of 440 g a day.

were in the 1st trimester. For the measurement of
plasma folate concentrations, 83 pregnant women were
originally recruited but 3 dropped out during interven-
tion; 1 woman in group A and 1 in group B suffered
intrauterine fetal death and another woman in group A
failed to attend the follow-up. Consequently, 80 women
completed the study (Table 2); a significant difference
was not observed in age, BMI and gestation in weeks
among the groups but present only in the period of
intervention between groups B and C. Figure 1 illus-
trates that dietary folate intakes among 641 pregnant
women averaged 331 * 164 ug a day, varying from
296 * 138 pg in 2007 to 361 = 185 pg in 2005 with the
amount consumed never exceeding the 440 pg of the
RDA?® per day. Table 3 shows the average intakes of
folate, energy, major nutrients, vitamins and minerals
among the women in each trimester and all of the
values for women in the 1st trimester were significantly
less compared to the values in the other trimesters. For
instance, folate intakes in the 1st trimester were unex-
ceptional (294 = 147 ug/day) and were the lowest
among the three trimesters. We further evaluated how
the 200 women in the 1st trimester consumed folate
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Table 3 Average intakes of folate, energy, major nutrients, minerals and vitamins
among pregnant women in each trimester. All the values consumed in the 1st
trimester were significantly less compared to the other trimesters

1st trimester

2nd trimester 3rd trimester

Pregnant women (r) 200
Folate (ug/day)** 294 = 147
Energy (Kcal/day)** 1712 = 363
Protein (g/day)** 65 =16
Fat (g/day)* 57 =17
Carbohydrate (g/day)** 232 £ 51
Calcium (mg/day)** 499 * 186
Iron (mg/day)** 71x25
Vitamin A (ugRE/day)** 770 £ 578
Vitamin Bl (mg/day)* 1.0 x40

252 189
358 = 181 335 £ 150
1847 + 336 1856 *+ 352
72 =16 72 +18
61 =16 61 =17
247 = 52 248 + 48
590 + 270 567 * 202
83=*33 81£28
1011 + 765 1035 += 924
1.0x£25 13+63

*P < 0.05; **P < 0.01. RE, retinol equivalents.

Dietrary folate & folic acid supplements
in the 1st trimester(n = 200)
10.0%

o

BDietary folate>=440., Supplements (+/~)
BDijetary folate <440, Supplements (+)
BDjetary folate <440, Supplements(-)

Figure 2 Ten percent of the women in the 1st trimester
consumed folate more than the Recommended Dietary
Allowance (RDA) of 440 pg a day with or without folic
acid supplements, 32% consumed dietary folate less
than the RDA but took supplements 400 ug, but 58%
neither fulfilled the RDA of dietary folate nor took folic
acid supplements.

through diets and/or supplements. Figure 2 shows
that 10% of the women consumed an amount of folate
greater than the RDA with or without folic acid supple-
ments, that 32% of women consumed dietary folate less
than the RDA but took supplements of 400 ug, but that
58% of women took neither 440 ug dietary folate nor
400 pg of supplements.

The intake of supplements in group A and group B
(Fig. 3) resulted in an increase in folate concentrations
from 15.5 + 8.9t0 18.3 * 8.1 ng/mL and from 6.5 = 2.8
to 14.2 = 5.7 ng/mL, respectively, and the latter was
statistically significant. Women consuming folate-rich
diets in group C, however, had a non-significant
decrease in folate levels, that is, from 5.6 = 2.4 to
5.5 = 2.6 ng/mlL.
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Figure 3 Effects of taking folic acid supplements (group
A and B) or consuming folate-rich food (group C) on
serum folate concentrations.

Discussion

Neural tube defects occur 4 weeks after conception and
other congenital anomalies such as ventricular septal
defects and cleft lip with or without cleft palate develop
during the period of the 1st trimester. In order to
prevent these anomalies, it is essential to take folic acid
supplements well before conception and to continue
taking these until 12 weeks after conception. In 2008,
Oakley et al’ stressed that prevention of folic acid-
preventable neural tube defects is possible by primary
prevention worldwide, similar to the manner in which
poliovirus eradication programs have reduced the
transmission of poliovirus. Hence, it can be considered
that we are in the middle of a “folic acid revolution’
(Godfrey P Oakley Jr, personal communication, 2008)
which aims to eradicate neural tube defects by imple-
menting food fortification globally.

© 2011 The Authors
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We found that the mean intakes of dietary folate among
pregnant women did not increase but remained low
(below the RDA of 440ug/day) during the 6-year
study period (Fig. 1). This finding is most likely to be
related with the fact that the rate of neural tube defects
has not significantly decreased during the past decade
in Japan.® It was also observed that the 200 pregnant
women in their 1st trimester, who were expected to
consume the largest amount of folate, actually con-
sumed the least, that is, 294ug a day (Table3).
Although 42% of the 200 women either consumed
dietary folate of the RDA or took folic acid supple-
ments, the remaining 58% neither fulfilled the RDA of
dietary folate nor took folic acid supplements (Fig. 2),
suggesting that the women of the latter group face a
real danger of conceiving fetuses affected with neural
tube defects.

In 2005, the Japanese government revised the recom-
mendation regarding folate, such that the RDA for non-
pregnant women and pregnant women® should be 240
and 440 ug daily, respectively. Recent studies have
revealed that the former fulfilled the RDA but that the
latter did not. Namely, the national surveillance on
health and nutrition in 2007° revealed that non-
pregnant women of their 20s and 30s took dietary
folate of 259 and 253 g/ day, respectively. On the other
hand, 70 pregnant Japanese women in the 1st trimes-
ter'® consumed 289 pg of folate a day from natural
foods, which is comparable to the amount consumed

by women in our study. Nakano and Ishii'' assessed

the dietary folate intake of pregnant women and
reported that the amount was 336 pg/day in the first
half of pregnancy and 376 pg/day in the second

half. These observations together with our data indicate

that it is difficult for pregnant women to consume
dietary folate of the RDA, probably because they are
ignorant about the important role folic acid plays in the
development of fetuses: Another possibility includes
that they are unable to eat well-balanced diets due to
the severe emesis or are reluctant to change their life
styles immediately after becoming pregnant. Therefore,
it is mandatory for those who plan to conceive or who
are in the first trimester to take folic acid tablets of
400 ug a day.

Changes in the folate concentration

In 1999, Jacques etal¥ observed that among 244
middle-aged and older adults, the mean plasma folate
concentration was 4.6 ng/mL prior to the mandatory

© 2011 The Authors
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food fortification in the US, which then increased to
10.0 ng/mL after fortification. It is to be noted the pre-
intervention values observedin our groups B and C are
almost - the same as that before food fortification
reported by the-above authors. In our women who took
folic acid supplements, folate concentrations increased
to 18.3 ng/mL in group A and 14.2 ng/mL in group B,
whereas no such increase was observed in those who
consumed folate-rich diets (Fig. 3). The likely explana-
tion for this difference lies in the known increased
bicavailability of folic acid supplements compared with
dietary folate® or simply a failure to consume folate-rich
foods every day. -

The fact that the advice given to our pregnant
women to consume folate-rich foods was completely
ineffective in raising folate concentrations (Fig. 3) con-
firms the observations of three articles previously
reported.” Consequently, the Japanese government
should take into consideration the ineffectiveness of
taking dietary folate, strongly recommend taking folic
acid tablets and lend support to the decision to fortify
rice and wheat flour with folic acid in the near future.

Although 68% of pregnant women in Japan had a
planned pregnancy, the proportions of those who were
aware of the importance of folicacid and took folic acid
were not high, -39% and 43% in 2007, respectively.’®
Consequently, it is desirable that women of childbear-
ing age or pregnant women should receive information
on their folate status before conception or at the very
first visit to the Obstetrics/Gynecology clinic, because
the folate levels do reflect their daily eating habits.
There have been three manuscripts since 2005 that
reported folate concentrations among pregnant Japa-
nese women: 11.9 ng/mlL among 17 pregnant women
at 16 weeks of gestation;” 10.3 ng/mL among 70 preg-
nant women in the 1st trimester;" and 10.2 ng/mL
among 51 pregnant women in the 1Ist trimester.!®
However, since the women documented in the three
articles consumed dietary folate of only 276 to 356 ug a
day and a few of them took folic acid supplements,
their serum concentrations can not be regarded as the
standard value. Consequently, the concentration prior
to intervention in our group A (15.5ng/mlL) or the
conceniration after intervention in our group B
(142ng/mL) could be considered as the reference
value to be ideally maintained. Herein, we propose that
the norm of serum folate concentrations for pregnant
women and women planning to conceive should be
15 ng/mL or above.

The findings of this study are subject to two limita-
tions. First, the response rate for returned food records
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was low among pregnant women (21%). The women
were asked to record all the food items and drinks they
consumed as quantitatively as possible. It is probable
that the complexity of keeping a food record and the
time required to fill the record sheet might have ham-
pered the willingness of these women to complete it.
Therefore, the results might be representative of only
those with sufficient motivation in Japan. Second, 53
women were not randomly assigned into either group
B or group C in order to measure folate concentrations.
This is because the majority of the obstetricians/
gynecologists stated that their women, from an ethical
point of view, should themselves be able to state their
preference. We do not know whether this selection bias
affected changes in the folate concentrations in either
of the groups.
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