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Folate intakes and folate biomarker profiles of
pregnant Japanese women in the first trimester
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Objective: To assess the status of dietary folate intake, serum and red blood cell (RBC) folate, and related nutritional biomarkers
in healthy Japanese women in early pregnancy. ’

Design: A cross-sectional, observational study. ’

Subjects: Pregnant women in the first trimester, at 7-15 weeks gestation (n=70), who were not consuming any folate
supplements or folate fortified foods. : _
Methods: Three-day dietary records were obtained from each subject to assess dietary folate intake. Blood samples were
collected for measurement of biomarkers. Biomarkers and nutrient intake were analyzed in two groups defined by their serum
folate concentrations: the low folate group (serum folate <9 ng/mi) and the high folate group (serum folate >9 ng/ml).
Result: Mean serum and RBC folate concentrations in all subjects were 10.3 and 519 ng/ml, respectively. These levels were
remarkably higher than the reported values from many other countries despite our subjects receiving no folic acids supplements.
However, mean folate intake by our subjects from natural foods was 289 ug/day, which is thought to be low according to the
Japanese dietary recommendation specified for pregnant women. The intake of spinach and fruits was significantly greater in the
high folate group than in the low folate group.

Conclusion: Folate intake was thought to be adequate to maintain a desirable level of serum folate concentration in jJapanese
pregnant women in the first trimester, although the intake of folate from natural food was not high enough to meet the
recommended daily intake.
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significantly reduce the risk of neural tube defects (NTDs).
Many studies in Europe, China and the United States have
shown that the periconceptional use of folic acid prevents
NTDs (Berry et al., 1999; Wetler et al., 1999; Ray et al., 2002).
In 2000, the Japanese government recommended that all
women planning a pregnancy should consume an additional
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400 ug/day of folate, referring to scientific evidence and
recommendations in the other countries (Ministry of Health,
Labour, and Welfare, Japan, 2005). Food fortification with
folic acid is not popular in Japan, and the use of
supplemental folic acid has not become widespread. Further-
more, there has been little awareness of this in Japan, and

* folate has not recently been added but was added 5 years ago

to the 5th standard tables of food composition in Japan.
Accordingly, there had not been fully investigated about
folate intake and folate related biomarker in Japanese people.
Recently, Kondo et al. (2005) reported folate intake and
serum folate concentration in pregnant Japanese women
including all trimesters. However, there are no studies on
folate intake and folate-related biomarkers including RBC
folate concentration in pregnant Japanese woman in the first
trimester. For primary prevention of NTD, folate nutrient in
early pregnancy is very important._

According to the National Nutrition Survey in Japan,

dietary natural folate intake in young Japanese women is

similar to the reported intake in the United States and in
many other countries (Ministry of Health, Labour, and
Welfare, Japan, 2001). As sources of folate in the Japanese
diet may differ from those in other societies, it is necessary to
assess folate levels in pregnant Japanese women, especially in
early pregnancy, to evaluate the current Japanese diet in
terms of adequacy of folate nutrition. _

We conducted this study to investigate the association
between folate intake and folate-related biomarkers (folate
concentrations in serum and red blood cells (RBC)) in
pregnant Japanese women who were not consuming any
dietary folate supplements.

‘Methods

Study design and subjects

We selected two study sites in a public and a private hospital
in the Tokyo Metropolitan Area, in cooperation with the
Department of Gynecology. The public hospital is located in
an uptown area and is a tertiary hospital with many patients
referred from smaller clinics or hospitals in the local area.
The private hospital is located in a downtown area and is a
primary care hospital mainly specializing in gynecology.
We have continued cross-sectional and longitudinal obser-
vational studies on pregnant women without major compli-
cations who visited the two hospitals in the period from
February 2002 to March 2003, who agreed to participate in
the surveys, and who gave written informed consent.

In this report we focused on subjects who were interviewed
and examined in the first trimester. Of 106 subjects, 36 were
excluded due to inadequate data for dietary intake, and five
were excluded because they consumed folate supplements or
folate fortified foods. A total of 70 subjects were included in
this cross-sectional analysis, although only 50 of them had
data for RBC folate concentration because RBC samples
could not be collected from 20 subjects. The study protocol
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was approved by the Institutional Ethics Committee of the
authors' affiliations.

Data collection of lifestyle and other background factors

A self-administered questionnaire was used to gather in-
formation on dietary habits, drinking, smoking and other
background information, which was directly checked by
interviewers in the survey suits. The height and prepreg-
nancy body weight of the subjects were asked for in the
questionnaire, while the current body weight was measured
using a calibrated mechanical scale.

Dietary intake

Weighed dietary records were obtained from each subject
for three nonconsecutive days within a week. Subjects were
given detailed instructions by trained dietitians on how to
weigh and record the consumed foods, using a colored

- instruction leaflet to illustrate the methods and examples.

When the subjects visited the hospital for blood sampling,
the dietitians checked all the recorded sheets and inter-
viewed the subjects to clarify any ambiguous points.

The consumption of nutrients and foods was estimated
from the records by a computerized dietary analysis program
Kokurakucho (NTT Inc., Japan). A food composition database
based on the Fifth Revision of the Standard Food Composi-
tion Table was incorporated in the dietary analysis program,
which allowed for changes in nutrients during the cooking
process (Watanabe et al., 2003).

Blood sampling and analysis

Fasting blood samples were drawn for the measurement of
hematological parameters (hemoglobin, hematocrit, and
RBC count) and folate-related biomarkers. The measure-
ments of biomarkers except for RBC folate were performed
by SRL Inc. (Tokyo). Chemiluminescent immunoassay was
used for the measurement of serum folate and vitamin B,.
High-performance liquid chromatography (HPLC) and
enzyme immunoassay were used for the measurement of

"homocysteine and serum ferritin, respectively.

Whole blood was collected in a heparinized tube and
preserved with 0.5% ascorbate solution for the measurement
of RBC folate by microbiological assay using Lactobacillus
casei (n=50) (Horne, 1997) based on previous reports.
Samples were diluted with 0.05% ascorbic acid solution
and preincubated for 30min at 37°C for deconjugation of

~ folate polyglutamates. Ninety six-well microplates were used
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for incubation of samples and medium containing L. casei.
The plates were incubated for 48h at 37°C. The optical
density of each well was measured using a single wavelength
of 570nm. RBC folate level was then caiculated from the
mean whole-blood folate value by subtracting folate content
of serum in the sample, and corrected by hematocrit value
(Hoffbrand et al., 1966).



Statistical analysis
Biomarkers and nutrient intake were analyzed in two
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Table 1 Characteristics of study subjects
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groups according to the median of their serum folate Variables n=70
concentrations because it is a short-term indicator of dietary Mean (s.d.) Range
folate intake: the ‘low folate group’ (serum folate <9 ng/ml)
and the ‘high folate group’ (serum folate >9ng/ml). Ge:;zral characteristics 2960 N
. . e .9 (5.
Comparison between the 'two _groups was perfonned. using Weeks of gestation at survey 10.6 (1.8) 715
an unpaired t-test for nutrient intakes and Mann-Whitney’s Primipara (%) 81.4 —_
U test for intakes of food groups because of their skewed Height (cm) 158.5 (5.0) 147-168
distributions. Correlations across selected blood biomarkers Prepregnancy weight (kg) 522(9.1) 3880
were analyzed by Spearman’s correlation coefficients. To g;::;rzz?yh;&?zkg /m?) 2; g ggg 163?:22 7
diminish the influence of the absolute amount of food Current BMI 21.1 3.6) 16.3-34.9
intake on the selected nutrients and also to obtain indicators Vitamin® or mineral supplement use (%) 1.4 —
of the nutritional quality of daily food patterns, nutrient Smoking (%) 18.6 -
densities expressed per 1000kcal were used for further Drinking (%) 29 -
analyses. Blood biomarkers
Serum folate (ng/ml) 10.3 (5.0) 5.5-33.0
RBC folate (ng/ml)® 519 (231)  165-1104
Plasma homocysteine (nmol/mf) 5.2(1.49) 2.7-10.7
Resuits Plasma vitamin B, (pg/m!) 423 (134)  230-930
P9
Hemoglobin (g/dl) 12.6 (0.9) 10.2-14.3
General characteristics Hema’tocrig (%) 36.3 (2.6) 29.9-41.5
The general characteristics of the subjects are presented in Serum ferritin (ng/Mi) 424(372) 46210
Table 1. The age of the subjects (n=70) ranged from 17 to 2Except folate.
41 years. The median point of the folate concentration °n=50."
Table 2 Demographic and anthropometric characteristics in groups defined by serum folate concentration
Variables Serum folate _ P-values
<9ng/ml (n=34) =9ng/ml (n=36)
Mean (s.d.) " Range Mean (s.d.) Range
General characteristics )
Age® 30.2 (5.4) 1741 29.4-(4.0) 17-37 0.506
Weeks of gestation at survey® 10.8 (2.1) 7-15 10.4 (1.3) 8-13. 0.41
Primipara (%6)° 71 — 92 — <0.0001
Height (cm)® 158.6 (4.6) 148-168 158.5 (5.0) 147-167 0.812
Prepregnancy body weight (kg)? 52.2(8.9) 40-80 52.1 (8.3) 38-76 0.949
Current body weight (kg)* 53.9(9.2) 42.5-85 . 52.0 (6.5) 38-66 0.359
Prepregnancy BMI (kg/mz)a 20.8 (3.6) 16.2-32.9 20.7 16.1-34.7 0.891
Current BM|? 21.4 (3.7) 17-34.9 16.1-34.7 16.3-30.1 0.435
Vitamin® or mineral supplement use (%)° 8.8 — 8.3 — 0.151
Smoking (%)° 20.6 — 16.7 — 0.327
Drinking (%)° 2.9 — 2.8 — 0.967
Blood biomarkers )
Serum folate (ng/ml) 7.5 (0.9) 5.5-8.9 13.1 (5.3) 9-33 0.0001
RBC folate® (ng/mi) 429 (154) 210-978 605 (263) 165-1104 0.01
Plasma homocysteine (nmol/mi) 5.6 (1.5) 3.7-10.7 4.9 (1.3) 2.7-7:8 0.052
Plasma vitamin B, (pg/ml) 405 (116) 230-690 432 (152) 250-940 0.410
Hemoglobin (g/di) 12.4 (1.0) 10.2-14.3 12.8 (0.7) 10.9-14.2 0.083
Hematocrit (%) 35.6 (2.7) 29.9-39.6 37.0 (2.3) 31.8-41.5 0.03
Serum ferrtin (ng/mt) 39.0 (28.2) . 6.8-120 45,1 (37.8) 6.1-210 . 0.449

“Unpaired t-test.

b2 test.

Except folate.

9<9ng/ml (n=24), >9ng/ml (n=26).

European Journal of Clinical Nutrition

41



Folate intakes and folate biomarker profiles in labanese pregnant women
N Mito et af

86

(9 ng/ml) subdivided the subjects into the ‘low folate group’
(n=34) and the ‘high folate group’ (n=36).

The demographic and anthropometric characteristics of
the two groups are presented in Table 2. Age, week of
gestation, height and body mass index (BMI) did not differ
significantly between the two groups. The number of
primipara was significantly higher in the higher group than
that in the lower group. The number of users of other
vitamin supplements was not different in the two groups,
although the number of smokers was marginally higher in
the lower group.

Biological markers
Blood biological markers of all study subjects are shown in
Table 1.

Mean levels of serum and RBC folate concentration were
10.3ng/ml (n="70) and 519ng/ml (7= 50), respectively. The
distribution of serum folate concentration is shown in
Figure 1. Serum folate was <6ng/ml in 4.3% of subjects,
and >13ng/ml in 14.3% of subjects. Although none of the
subjects took any folate supplements, the mean serum and
RBC folate levels were higher than in published reports in
other countries (Cuskelly et al., 1996; Brown et al., 1997).

When the selected biological markers were compared
between the two groups, the group with higher serum folate
concentrations showed higher RBC folate concentrations
(P=0.01) and a higher hematocrit (P=0.03) than the group
with lower serum folate concentrations (Table 2). Homo-
cysteine levels, the other marker affecting blood folate
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Figure 1 Distribution of serum folate concentration in all subjects
(n=70).

Table 3 Correlation coefficients between blood biomarkers in all subjects

concentration, were marginally higher in the group with
lower serum folate concentrations.

Correlation coefficients across blood biomarkers

Correlation coefficients across blood biomarkers are shown
in Table 3. Serum folate was positively correlated with RBC
folate, plasma B,,, hemoglobin, albumin and hematocrit,
and inversely correlated with plasma homocysteine.
Although RBC folate concentration was inversely correlated
with plasma homocysteine, no significant correlation was
observed between other biomarkers.

Dietary intake

Average nutrient intakes per day in all subjects from 3-day
diet records are shown in Table 4. When comparing with the
newly revised dietary recommendation for pregnant women
in Japan, intakes of calcium, copper, vitamin A, B,, B, and
vitamin C seem to be relatively adequate although a
proportion of each distribution did not reach the level of
estimated average requirements. Average intakes of folate,
iron, zinc, vitamin D, B; and B¢ were lower than the
recommended values. The distribution of folate intake in
the two groups classified according to serum folate concen-
tration is shown in Figure 2. More than 70% of subjects had a
folate intake below 200 ug/day. :

Energy-adjusted nutrient intakes (nutrient per 1000kcal)
in the two groups are shown in Table 5. Folate, calcium and
fiber intakes per 1000 kcal were significantly greater in the
high folate group than in the low folate group.

We also analyzed the mean daily consumption of foods
groups (Table 6). In some food groups the intake levels
differed significantly between the low folate group and the
high folate group; the subjects in the high folate group
consumed more spinach, fruit, and fruits juice, and fewer
meats, oils and fats than the low folate group.

Discussion

Many recent studies have indicated that folate nutrient
status is very important for women in early pregnancy
because folic acid reduces the risk of NTD (Berry et al., 1999;
Werler et al., 1999; Ray et al, 2002). Many countries
recommend a high-folate diet and folic acid supplements
for pregnant women and women wishing to become
pregnant (Green, 2002). However, the folate nutritional

Serum folate  RBC folate  Plasma homocystein  Plasma vitamin B;, - Hemoglobin Albumin Hematocrit  Serum ferritin
Serum folate 1.000 0.464** —0.420%* 0.300* 0.308* 0.452%** 0.358* —0.0006
RBC folate 1.000 —-0.336* 0.128 0.105 0.076 0.067 -0.200

All data are log-transformed.
*P<0.05, *P<0.01, ***P<0.005; ****P<0.001.
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Table 4 Nutrient intake/day from natura! food sources in study subjects
Variables /ap[znese recommendation for pregnant women in first trimester All subjects (n=70)
18-29 years old 3049 years old Mean (s.d.) Range
Energy (kcal) ) 2100 2050 1782 (489) 1007-3690
Total protein (% of energy) <20 <20 14.1 (9.5) 9.5-22.1
Total fat (% of energy) 20-30 20-30 28.7 (6.3) 12.6-42.8
Cholesterol (mg) <600 <600 309 (157) 56-885
Calcium (mg) 700 600 601 (325) 93-2013
Iron (mg) 19.5 19.5 7.0 (4.1) 1.0-33.2
Copper (mg) 0.8 0.8 1.04 (0.36) 0.26-2.79
Zinc (mg) ’ 10 10 7.424) 1.9-18.4
Vitamin A (ug/RE) 670 670 982 (839) 1104022
Vitam‘in D (u9) 7.5 7.5 5.7 (6.0) 0.5-40.8
Vtamin By (mg) 1.1 1.1, 1.06 (1.53) 0.21-13.37
Vtamin B, (mg) 1.2 1.2 1.94 (5.06) 0.30-44.18
Vitamin B (mg) . 2.0 20 1.6 (3.9) 0.3-34.2
Vtamin B, (ug) 2.8 2.8 6.2 (5.5) 0.5-31.1
folate (ug) 440 440 289 (151) 68-1151
Vtamin C (mg) 110 110 143 (202) 11-1249
Fiber (g) 21 20 129 (5.9) 1.9-46.3
Sodium chloride equivalent (g) <8 <8 10.5 (4.2) 1.6-27.7
18 Health, Labour, and Welfare, Japan, 2005). Mean folate
16 b & >9ng/mL intake/day in’ all subjects was 289 ug/day in the present
214 - study. Only 8.6% of subjects had a folate intake above
9, <9ng/mL 250 ug/day, and folate intake was below the RDA in 94 % of
12 . . " .
3 subjects. The National Nutrition Survey in Japan showed
2 10+ that the mean folate intake of Japanese women aged 20-50
s 8 years was 200-300 ug/day (Ministry of Health, Labour, and
26 Welfare, Japan, 2005). Folate intake was not sufficient in
=E, 4 pregnant Japanese women in the first trimester. However,
z they showed a higher mean serum folate concentration
-2 (10.3 ng/ml) than reported in other countries. For example,
0

<70 70— 100- 130- 160- 190- 220- >250

100 130 160 190 220 250
Dietary folate intake (ug/day)

Figure 2 Distribution of RBC folate concentration in groups defined
by serum folate concentration. Gray bar: low folate group (<9ng/
ml), black bar: high folate group (=9 ng/mi).

profile of Japanese pregnant women has not been fully
investigated because there has been little awareness of this in

Japan, and folate has only recently been added to the Dietary '

Reference Intakes for Japanese and the Standard Food
Composition Table. Specifically, there has been no study of
folate intake and blood folate biomarkers in woman in early
pregnancy in Japan. Folate is also important to achieve
normal birth weight because it is reported that a low intake
of folate in pregnant women is associated with low birth
weight (Rao et al., 2001). Therefore, it is important to study
folate nutrition in pregnant women in Japan.

The recommended dietary allowance (RDA) of folate in
early pregnancy for prevention of NTD is 440 ug/day in the
Dietary Reference Intakes for Japanese, 2005 (Ministry of

The US data from NHANES III 1988-1994 showed mean
serum and RBC folate levels, 4.8 and 159.9 ng/ml, respec-

" tively for reproductive age but nonpregnant women, which
. were observed before the mandated folate fortification in

this country (CDC, 2002). Even in low intake groups in the
present study, most subjects had serum folate concentrations . .
above 7ng/ml. Hirooka (2001) reported that the mean

serum folate concentration in nonpregnant Japanese women

‘aged 21-22 years was 17.9nmol/l (7.4 ng/ml). The level is

lower than in the present study. All our subjects were
above the lower border of the normal serum folate range,
3.0ng/m! (Jacques et al 1999). On the other hand,
Kondo et al reported that Japanese pregnant women revealed
serum folate of 11.9ng/ml, which is the average of all
trimester.” As our present data is only a first trimester, it is
need to investigate serum folate of pregnant women in the
second and third trimester. Many trials have reported that
folic acid supplements or a high folate diet increased serum
folate levels compared with baseline (Cuskelly et al., 1996;
Brown et al.,, 1997; Jacques et al., 1999). However, serum
folate concentrations of our subjects were same level with
reported data of folic acid supplements user. It was very
interesting because users of folic acid supplements were not
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Table 5 Energy-adjusted nutrient intake/day from natural food sources in groups defined by serum folate concentration

Variables Serum folate P-value
<9ng/ml (n=34) = 9ng/ml (n=36)
Mean (s.d.) Range Mean (s.d.) Range
Energy (kcal) 1856 (424) 1042-2887 1734 (535) 1007-3690 0.300
Total protein (% of energy) 14.0 (1.9) 9.9-17.9 14.3 (2.6) 11.1-22.1 0:653
Total fat (% of energy) 29.9 (6.7) 12.6-42.8 27.7 (5.8) 17.9-41.1 0.151
Cholesterol (mg/1000 kcal) 180 (62) 44-345 167 (74) 49-726 0.433
Calcium (mg/1000 kcal) 293 (105) 158-540 374 (169) 92-953 0.018
fron (mg/1000 kcal) 3.7 (0.8) 2.7-6.3 4.21(1.84) 2.1-11.4 0.115
Copper (mg/1000 kcal) 0.57 (0.11) 0.40-0.89 0.60 (0.12) 0.39-0.84 0.308
Zinc (mg/1000 kcal) 4.1 (0.7) 3.1-6.0 4.29 (0.79) 2.57-6.39 0.327
Vitamin A (ug/RE/1000 kcal) 533 (479) 123-2643 570 (354) 173-1805 0.717
Vitamin D (1g/1000 kcaf) 3.1(2.8) 0.6-9.7 3.5(5.0 0.34-29.2 0.676
Vitamin B, (mg/1000 kcal) 0.52 (0.31) 0.26-1.94 0.68 (1.12) 0.32-7.15 0.417
Vitamin B> (mg/1000 kcal) 0.71 (0.36) 0.39-2.24 1.50 (3.89) 0.4-23.6 0.235
Vitamin B (mg/1000 kcal) 0.61 (0.36) - 0.34-2.26 1.2 (2.98) 0.4-18.3 0.29
Vitamin B, (1g/1000 kcal) 3.3 (2.25) 0.86-8.59 3.6 (3.2) 0.3-16.2 0.622
folate («g/1000 kcal) 144 (49) 70-314 182 (76) 62-392 0.013
Vitamin C (mg/1000 kcal) 62 (108) 10-661 112 (142) 13-668 0.105
Fiber (g/1000 kcal) 6.7 (1.6) . 3.0-9.7 7.8 2.7) 3.9-15.8 0.036
Sodium chloride equivalent (g/1000 kcal) 4.3(1.4) 1.8-8.1 4.2(1.8) 1.8-1 0.727
Table 6 Mean intakes (g/day) of main food groups in groups defined Table 6 Continued
by serum folate concentration Variables Serum folate P-value
Variables Serum folate P-value <9ng/ml (n=34) > 9ng/mi (n=36)
<9 ng/ml (n=34)>9ng/ml (n=36) Mean (s.d.) Mean (s.d.)
Mean (s.d.) Mean (s.d.) .
Apples 29.8 (40.1) 26.7 (54.4) 0.621
Grain 534.5(175.2)  501.5(268.5) 0.259 Bananas 16.6 (21.4) 19.4 (39.5)  0.562
Rice 229.8 (89.5) 206.0 (1 36.3) 0.155 Fruits Juice 56.8 (74.5) 94.2 (104.4) 0.040
Breads 53.1 (37.0) 49.8 (42.2) 0.819
Noodles, Pasta 88.8 (70.3) 84.9 (96.8)  0.437 Coffee, Cocoa 69.6 (91.0) 41.5(768) 0338
: Tea 183.9 (254.6) 215.6 (187.1) 0.324
Nuts, Seed 2.6 (6.0) 1.8 (3]) 0.542 Alcohol beverages 13.3 (370) 4.9 (1 38) 0.174
Potatoes 46.8 (44.5) 52.2 (78.0) 0.778
Sugar 4.0 (5.0) 4.9 (5.3) 0.513
Confectionaries 45.4 (41.9) 49.5(59.6) 0.938
Oil, Fats 16.2 (8.5) 11.9(6.0) 0.037
Meats 82.8 (41.6) 58.7(42.6) 0.013 included, and none of the participants ate foods fortified
Fish/shell fish 44.0 (30.3) 43.8(354) 0.710 with folate.
Eggs 20.2 (25.9) 30.1(22.9) 0.635 : : g
Milk 78.0 (99.3) 165.4(178.7) 0.090 We a.nalyzed nutrient '1nt.ake and consumption of food
Other milk products 96.9 (109.3) 72.1(72.5)  0.250 groups in the two groups defined by serum folate concentra-
Cheeses 4.8 (5.7) 4.8(7.8) 0.744 tion: the high folate (serum folate >9 ng/ml) group and the
Soybean, soybean products  37.5 (39.4) 36.7(52.2)  0.543 low folate (serum folate <9ng/mi) group. The high folate
Mushrooms 9.3(12.0) 124(182) 0754 group showed higher energy-adjusted intakes of folate,
Colored vegetables 76.6 (55.2)  104.0(81.7) 0.086 .. ~ calcium and fiber compared with the low folate group.
Carots 10.8 (14.4) 14.6 (18.7)  0.614 Many studies have reported that- folic acid is directly
. Tomatoes 24.6 (40.7) 337(36.7) 0.108 correlated with blood folate concentration, and is useful
ls,g'“a::‘ 2; 81 4')3) 13'3 317';)) g'g‘;g for the prevention of NTD (Cuskelly et al., 1996; Brown et al.,
i o T e 1997; Berry et al., 1999; Jacques et al., 1999; Werler et al.,
Other vegetables 104.9 (50.3) 120.2(113.8) 0.947 1999; Ray et al., 2002). As dietary folate contains a
; ) ) 6.001 polyglutamate chain, the bioavailability of folate varies
Tuits 136.7 (135.6 239.7 (146.6) 0.00 : : : : vl tilization
Citrus fruits 234 (28.5) 438(589) 0110 widely with different foods and cooking styles. Utilizatio
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intestinal matrix effects or pH. Therefore, the bioavailability
of natural food folate is thought to be 20~75% that of folic
acid (Gregory, 2001; van den Berg et al, 2002; Melse-
Boonstra et al., 2002; Kim et al., 2004). The only sources of
folate in the subjects of the present study were natural foods.
Therefore, it is very important to clarify the association
between the intake of natural food folate in Japanese food
and blood folate concentrations. Some researchers reported
that high folate diets, fresh berries, citrus fruit, and
vegetables significantly increased blood folate concentra-
tions or significantly decreased plasma total homocysteine
(Brouwer et al., 1999; Koebnick et al.,, 2001; Silaste et al.,
2003). We compared the mean consumption of food groups
in two groups classified by serum folate concentration. The
intakes of colored vegetables, spinach and fruits were
significantly greater in the high folate group than in the

low folate group, while the intake of meats, oils and fats was

greater in the low folate group than in the high folate group.
Although plasma homocysteine levels were inversely corre-
lated with serum folate and RBC folate levels, it did not differ
significantly between the two groups. Serum folate levels
were positively correlated with RBC folate and plasma
vitamin B;; levels. Serum folate also correlated significantly
with other blood markers, hemoglobin, albumin, hematocrit
and serum ferritin. These findings suggested that the eating
pattern in pregnant Japanese women, which maintained a
sufficient serum folate concentration, may also support a
healthy pregnancy. The National Nutrition Survey, Japan
(Takimoto et al., 2003) found that pregnant Japanese women
were aware of the importance of adopting healthy behaviors
(smoking less, drinking less, etc.) and taking more milk, fruit
or colored vegetables during pregnancy. In the present study,
the typical dietary pattern of women in early pregnancy,
especially in the high folate group, included a high intake of
vegetable, fruits, milk, soy products and fish, and a low
intake of oil and fat, and meat.

Levels of vitamin B3, which supports folate metabolism,
and calcium were adequate in our subjects. The main dietary
source of calcium in Japan is milk. Milk contains folate-
binding protein (FBP). As it has been reported that FBP may
increase the bioavailability of dietary folate (Jones and
Nixon, 2002; Jones et al., 2003), adequate milk consumption
may be partly responsible for higher serum folate concentra-
tions in pregnant Japanese women. RBC folate concentra-
tions varied widely between subjects, especially in the high
folate group. This suggests that RBC folate may be preferable
to serum or plasma folate for the prediction of NTD risk
(Bunduki et al., 1995; Daly et al., 1995). Brown et al showed
that a folate concentration of >400ng/ml in early preg-
nancy decreased the risk of NTD (Brown et al., 1997). In the
present study, most of the subjects showed a RBC folate
concentration >400ng/ml, although a few of the subjects
had a RBC folate concentration <200ng/ml, even in the
high serum folate group. It is therefore possible that
preconception folate nutrition may be insufficient in some
subjects, because RBC folate concentration is a longer-term

Folate intakes and folate blomarker profiles in Japanese pregnant women
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_index of folate nutrition than serum folate. However, RBC
data in the present study were preliminary (n=50), and
further studies are needed.

Our study is the first to describe folate nutrition in early
pregnancy in Japan. Further study is needed using long-

- itudinal studies from preconception to early pregnancy to
determine the appropriate intake of folate in pregnant
Japanese women in the first trimester.

Acknowledgements

We thank Dr Tsunenobu Tamura for the valuable comments
in RBC folate assay. -

References

Berry R], Li Z, Erickson JD, Li S, Moore CA, Wang H et al. (1999).
Prevention of neural-tube defects with folic acid in China. China-
US Collaborative Project for Neural Tube Defect Prevention. N Engl
J Med 341, 1485--1490.

Brouwer IA, van Dusseldorp M, West CE, Meyboom S, Thomas CM,
Duran M et al. (1999). Dietary folate from vegetables and citrus
fruit decreases plasma homocysteine concentrations in humans in
a dietary controlled trial. J Nutr 129, 1135-1139.

Brown JE, Jacobs jr DR, Hartman TJ, Barosso GM, Stang JS, Gross MD
et al. (1997). Predictors of red cell folate level in women
attemnpting pregnancy. JAMA 277, 548-552.

Bunduki V, Dommergues M, Zittoun J, Marquet J, Muller ¥, Dumez Y

' (1995). Maternal-fetal folate status and neural tube defects: a case
control study. Biol Neonate 67, 154-159.

Centers for Disease Control and Prevention (CDC) (2002). Folate
status in women of childbearing age, by race/ethnicity — United
States, 1999-2000. MMWR Morb Mortal Wkly Rep 51, 808-810.

Cuskelly GJ, McNulty H, Scott M (1996). Effect of increasing dietary
folate on red-cell folate: implications for prevention of neural tube
defects. Lancet 347, 657-659.

Daly LE, Kirke PN, Molloy A, Weir DG, Scott JM (1995). Folate levels
and neural tube defects. Implications for prevention. JAMA 274,
1698-1702.

Green NS (2002). Folic acid supplementation and prevention of birth
defects. J Nutr 132, 23565-2360S.

Gregory III JF (2001). Case study: folate bioavailability. ] Nutr 131,
13768-13828. )

Hirooka M (2001). Nutritional status of vitamin A, E, C, B1, B2, B6,
nicotinic acid, B12, folate, and f-carotene in young women. J Nutr
Sci Vitaminol 47, 20-27.

Hoffbrand AV, Newcombe BFA, Mollin DL (1966). Method of assay of
red cell folate activity and the value of the assay as a test for folate
deficiency. J Clin Pathol 19, 17-28.

Home DW (1997). Microbiological assay of folates in 96-well
microtiter plates. Methods Enzymol 28, 38-53.

Jacques PF, Selhub J, Bostom AG, Wilson PW, Rosenberg IH (1999).
The effect of folic acid fortification on plasma folate and total
homocysteine concentrations. N Engl | Med 340, 1449-1454.

Jones ML, Nixon PF (2002). Tetrahydrofolates are greatly stabilized
by binding to bovine milk folate-binding protein. J Nutr 132,
2690-2694.

Jones ML, Treloar T, Nixon PF (2003). Dietary interactions influence
the effects of bovine folate-binding protein on the bioavailability
of tetrahydrofolates in rats. / Nutr 133, 489-495.

Kim TH, Yang J, Darling PB, O’Connor DL (2004). A large pool of
available folate exists in the large intestine of human infants and
piglets. ] Nutr 134, 1389-1394.

89

European Journal of Clinical Nutrition

45



e

Folate intakes and folate biomarker profiles in Japanese pregnant women
N Mito et al

90

Kondo A, Kamihira O, Shimosuka Y, Okai I, Gotoh M, Ozawa H
(2005). Awareness of the role of folic acid, dietary folate intake and
plasma folate concentration in Japan. J Obstet Gynaecol Res 31,
172-177.

Koebnick C, Heins UA, Hoffmann I, Dagnelie PC, Leitzmann C
(2001). Folate status during pregnancy in women is improved by
long-term high vegetable intake compared with the average
western diet. J Nutr 131, 733-739.

Melse-Boonstra A, de Bree A, Verhoef P, Bjorke-Monsen AL,
Verschuren WM (2002). Dietary monoglutamate and polygluta-
mate folate are associated with plasma folate concentrations in
Dutch men and women aged 20-65 years. ] Nutr 132, 1307-1312.

Ministry of Health, Labour, & Welfare, Japan 2001. Kokumin Eiyouno
Genjou (Annual Report of the National Nutrition Survey in 2001).
Daiichi Publishing: Tokyo. (in Japanese).

Ministry of Health, Labour, & Welfare, Japan 200S. Dietary Reference
Intakes for Japanese, 2005. Daiichi Publishing: Tokyo. (in Japanese).

Rao §, Yajnik CS, Kanade A, Fall CH, Margetts BM, Jackson AA et al.
(2001). Intake of micronutrient-rich foods in rural Indian mothers
is associated with the size of their babies at birth: Pune Maternal
Nutrition Study. J Nutr 131, 1217-1224.

European Joural of Clinical Nutrition

Ray JG, Meier C, Vermeulen MJ, Boss S, Wyatt PR, Cole DE (2002).
Association of neural tube defects and folic acid food fortification
in Canada. Lancet 360, 2047-2048.

Silaste ML, Rantala M, Alfthan G, Aro A, Kesaniemi YA (2003). Plasma
homocysteine concentration is decreased by dietary intervention.
Br ] Nutr 89, 295-301.

Takimoto H, Yoshiike N, Katagiri A, Ishida H, Abe S (2003).
Nutritional status of pregnant and lactating women in Japan: a
comparison with non-pregnant/non-lactating controls in the
National Nutrition Survey. ] Obstet Gynaecol Res 29, 96-103.

Watanabe T, Suzuki A, Kumagai M, Kenmoku A, Takeuchi M,
Nishimuta M et al. (2003). Applicability of standard tables of food
composition in japan (fifth revised edition) to evaluating the
residual components in food after cooking. Jpn ] Nutr Diet 61, 251~
262.

Werler MM, Hayes C, Louik C, Shapiro S, Mitchell AA (1999).
Multivitamin supplementation and risk of birth defects. Am |
Epidemiol 150, 675-682.

van den Berg H, van der Gaag M, Hendriks H (2002). Influence of
lifestyle on vitamin bioavailability. Int J Vitam Nutr Res 72,
53-59.



m

Available online at www.scienc@direct.com

Q;0ﬂ ° °
°.° ScienceDirect

European Journal of Obstetrics & Gynecology and
Reproductive Biology xxx (2006) xxx—xxx

ropeanlf o
Obstetrics & Gynecology
and Reproductive Biology

www.elsevier.com/locate/ejogrb

Restricting weight gain during pregnancy in Japan:
A controversial factor in reducing perinatal complications

Hiroko Tsukamoto **, Hideoki Fukuoka?, Kazuko Inoue ?, Mieko Koyasu b
Yasushi Nagai ©, Hidemi Takimoto d

* Department of Developmental Medical Sciences, Institute of International Health, The University of Tokyo,
7-3-1 Hongo, Bunkyo-ku, Tokyo 113-0033, Japan
bMidwifery and Women’s Health Division of Health Sciences & Nursing, The University of Tokyo, Tokyo, Japan
¢ Nagai Clinic, Saitama, Japan
. Department of Health Promotion and Research, National Institute of Public Health, Saitama, Japan

Recejved 3 December 2005; received in revised form 21 June 2006; accepted 16 July 2006

Abstract

Objective: To evaluate the effectiveness of restricting weight gain during pregnancy to reduce perinatal complications.

Study design: The study was conducted in the Tokyo metropolitan area, and reviewed 3071 mothers and their infants born from singleton
pregnancies retrospectively. To examine the influence of increased maternal weight gain on perinatal complications, we performed five-
category stratification for weight gain: less than 8.0, 8.0-10.0, 10.1-12.0, 12.1-14.0 and over 14.0 kg.

Results: Total weight gains less than 8.0 kg significantly increased the risk of low birth weight (LBW) and small for gestational age (SGA)
infants (OR = 2.19, 95% CI; 1.36-3.52, OR = 1.76, 95% CI; 1.23-2.51) and total weight gain over 14.0 kg significantly increased the risk of
large for gestational age (ILGA) infants and pregnancy induced hypertension (PIH) (OR = 3.06, 95% CI; 1.88-4.98, OR = 2.87,95% CI; 1.86—
4.42, respectively), compared with women with weight gain of 10.1-12.0 kg. The groups with weight gains of 8.0-10.0 kg and 12.1-14.0 kg
did not show adverse perinatal outcomes, including gestational diabetes (GDM), cesarean delivery, postpartum hemorrhage and laceration,

significantly different from the 10.1 to 12.0 kg gain group.

Conclusion: Strict restriction of weight gain during pregnancy is not effective in reducing perinatal complications.

© 2006 Elsevier Ireland Ltd. All rights reserved.

Keywords: Maternal weight gain; Prepregnancy body mass index (BMI); Perinatal complications

1. Imtreduction

Greater maternal weight gains were believed to increase
the risks of gestational diabetes (GDM), pregnancy induced
hypertension (PIH), eclampsia, cesarean delivery, macro-
somia and prolonged difficult labor, postpartum hemorrhage
and fetal trauma [1-5]. However, weight gain restriction had
adverse birth outcomes. In 1990, the Institute of Medicine
(IOM) in the United States revised the guidelines for weight
gain during pregnancy, which recommend an optimal weight
gain range for women based on their prepregnancy body

* Corresponding author. Tel.: +81 3 5841 3615; fax: +81 3 5841 3628.
E-mail address: tsukamoh@m.u-tokyo.ac.jp (H. Tsukamoto).

mass index (BMI) because insufficient weight gain could
contribute to premature births and to low birth weight
(LBW) term infants [6]. In addition, Thorsdottir et al. [7]
suggested that in an American population studied, unne-
cessary weight gain had no beneficial effect on health and
inferred that low weight gain should also be avoided to
optimize birth outcome. Restricted weight gain may even
have negative consequences for women'’s well-being in the
form of stress and worries optimal weight range, and it may
consequently restrict optimal birth weight.

The Japan Society of Obstetrics and Gynecology (JSOG)
issued guidelines for optimal weight gain during pregnancy,
which are based on prepregnancy BMI, in order to prevent
the risk of PIH, in 1997 [8]; recommended weight gains are

0301-2115/$ - see front matter €) 2006 Elsevier Ireland Ltd. All rights reserved.
doi:10.1016/).ejogrb.2006.07.031
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10-12 kg for women of BMI < 18.0, 7-10 kg for women of
180 < BMI £ 240, and 5-7kg for women of
BMI > 24.0, respectively. Although nutritional education
or counseling on weight gain restriction has been undertaken
in many hospitals or clinics in Japan following this
guideline, very few studies were undertaken to assess the
adverse effects of excessive maternal weight gain on
pregnancy outcome. In addition, it is still controversial
whether different cutoff values in various studies might offer
results as good as, or better than, those recommended by the
JSOG. At present, no upper or lower limit of maternal
weight gain is provided to reduce the risk of perinatal
complications.

Thus, it is still unclear which weight gain range has the
stronger effect in the effort to avoid complications. Studies
that report maternal and fetal health outcomes over the entire
spectrum of weight change might help to clarify whether
there are wider weight gain ranges for women. The purpose
of our study was to evaluate the effectiveness of restricting
weight gain during pregnancy in reducing perinatal
complications.

2. Materials and methods
2.1. Subjects

In this retrospective study, we analyzed data on the 307!
mothers and their infants born at 37-42 weeks of gestation
from singleton pregnancies during the years 2002 and 2003
in Nagai Clinic, Saitama, and Sagamihara Kyoudou
Hospital, Kanagawa, which are located in Japan’s Tokyo
metropolitan area. Multiple pregnancies, stillborns and
malformed fetuses were excluded from the study. Subjects
were classified according to prepregnancy BMI (kg/m?) into
underweight (BMI < 18.5), normal (18.5 < BMI < 25.0),
and overweight (BMI > 25.0) groups, following the defini-
tions of the Japan Society for the Study of Obesity [9],
because Asian countries have a lower prevalence of obesity,
despite their high rates of obesity-related diseases. This
criterion differs from that of the National Institute of Health
[10].

2.2. Anthropometric measurements and data collection

Other demographic data including age, parity and
medical history were obtained from prenatal records. After
delivery, the newborn anthropometric characteristics were
measured and recorded; birth weight, length, head and chest
circumference. Ponderal index was calculated as birth
weight (g) divided by length (cm). Low birth weight (LBW:
birth weight less than 2500 g), macrosomia (more than
4000 g), small for gestational age (SGA.: birth weight below
the 10th percentile for gestational age) and large for
gestational age (LGA: birth weight above the 90th percentile
for gestational age) which were classified by Nishida et al.
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[11] were also defined as neonatal outcomes. PIH was
defined by World Health Organization criteria as a blood
pressure over 140/90 mmHg [12]. GDM was defined by the

~ JSOG criteria and diagnosed on the basis of a 75 g oral

glucose tolerance test if the following diagnostic criteria are
used in two or three categories: a fasting blood glucose of
more than 100 mg/dl, a plasma glucose levels 60 min after
loading of more than 180 mg/dl, and levels of more than
150 mg/dl 120 min after loading {13]. Postpartum heamor-
rhage was defined as excessive bleeding (more than 500 ml)
due to failure of the myometrium to contract at the placental
site.

In this study, total pregnancy weight gain was defined as
the difference between measured weight at the last prenatal
visit closest to delivery and self-reported prepregnancy
weight. In the present study, the 25th, 50th, 75th and 90th
percentiles for maternal weight gain are 7.4, 9.6, 11.9 and
14.2 kg, respectively. To examine the influence of increased
maternal weight gain on perinatal complications, we
stratified the data into five categories for weight gain based
on these percentile values, because these values may be
useful to clinicians providing optimal weight gain as
prenatal care: less than 8.0, 8.0-10.0, 10.1-12.0, 12.1-14.0
and over 14.0 kg.

2.3 Statistical analysis

Differences in continuous variables by prepregnancy
BMI category were determined by the Mann-Whitney—
Wilcoxon test for non-normally distributed data, or ANOVA
with Tukey’s adjustment for normally distributed data.
Differences in proportion of categorical variables were
compared using x’-test. Multivariate logistic regression was
used to evaluate the association between maternal total
weight gain and perinatal complications. Interaction
analysis between prepregnancy BMI categories and mater-
nal weight gain during pregnancy was firstly carried out to
ascertain the effect on perinatal outcomes before logistic
regression was performed. We confirmed that the interaction -
was not significant. Adjusted odds ratio (OR) and 95%
confidence intervals (CI) were estimated. Differences were
considered to be significant at p < 0.05. Statistical analysis
was carried out with SPSS for Windows, version 12.0 (SPSS
Inc., Chicago III, USA).

3. Resuits

The investigation was undertaken using data from 3071
mothers who gave birth in selected hospitals in the
metropolitan area of Tokyo between January 2002 and
December 2003. Table 1 presents the maternal and neonatal
demographic characteristics. Out of 3071 deliveries, 16.1%
were underweight (BMI < 18.5 kg/m?; n =493, minimum
14.8), 74.9% were normal (18.5 < BMI £ 25.0 kg/m?;
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Table 1
Demographic characteristics
All category, n=3071 BMI category (kg/m?) p-Value
Underweight, n =493 (16.1%) Normal, n=2301 (74.9%) Obesity, n =277 (9.0%)
Mother
Age (year) 29.4 343 286 +4.3 be 294 +43 ac 30.7+4.2ab <0.001
Over 35 years old (%) 11.3 8.1 114 16.2 <0.01
Under 20 years old (%) 1.3 1.0 1.5 04 NS
Height (cm) 1582 £5.1 158.7+5.1 1582+ 5.1 157855 NS
- Weight gain (kg) 9.6 +3.7 105+ 33 be 98+34ac 6.6+ 4.8 ab <0.001
Prepregnancy BMI (kg/m?) 21.0+3.0 176 £ 0.7 209+1.6 28.1+29 <0.001
Primiparous (%) 51.6 58 51.5 41.2 <0.001
Smoking (%) - 158 16.8 16.8 15.8 NS
Infant
Gestational week (w) 395+ 1.0 394+£1.0 39.5+ 1.0 39.5+ 1.0 NS
Birth weight (g) 3061.8 + 353.3 2993.0 £ 343.1 be 3065.8 + 348.7 ac 3150.5 & 385.7 ab <0.001
Birth length (cm) 490+ 1.7 487+ 1.7 be 49.0+ 1.7 ac 493+19ab - <0.001
Head circumstance (cm) 330+1.2 330+1.2 33.0£1.2 332+13 NS
Chest circumstance (cm) 316+ 1.5 3144+ 14 bc 31.7+15a 31.8+16a <0.05
Ponderal index (kg/m>) 260+24 258+20¢ 260+£25 262+20a <0.05
Placenta weight (g) 579.3+ 102.4 553.6 £ 923 bc 580.1 £ 101.6 ac 618.5+ 101.6 ab <0.001

BMI: body mass index, NS: nonsignificant; BMI categories (underweight < 18.5, normal 18.5-25.0, obesity > 25.0). Values are presented as mean + S.D. or
%; letters show the values that are significantly different (p < 0.05, Tukey’s test or Mann-Whitney test).

n =277, maximum 43.1). The average maternal age was
29.4 +43.
The mean weight gains during pregnancy for the

underweight and normal women were 10.5kg (range

—0.8 to +21.5), 9.8 kg (range —1.7 to +24.0), respectively.
For obese women, the median weight gain was 6.9 kg (range
—9.6 to +24.0). There were significant differences among
the three groups (p < 0.001). Smoking prevalence was
15.8% in all categories with no significant difference among
the three groups. Although the numbers of gestational weeks

- when classified by prepregnancy BMI were not significantly
different, the mean birth weight in underweight women was
lower than those of the normal and obese women
(2993.0 £ 343.1 g, 3065.8+348.7g, 3150.5+385.7g,
respectively, p < 0.001). In addition, the mean length and
chest circumference were significantly lower (p < 0.001,
p < 0.05, respectively) than those of the normal and obese
women. ’

Table 2
Frequencies of perinatal outcomes

Table 2 shows the results of pregnancy outcome classified
by prepregnancy BMI. The proportion of LBW infants was
higher in underweight women than in normal and obese
women (7.5%, 4.6%, 4.7%, respectively, p =0.03). The
proportion of SGA infants was higher in underweight
women than in normal and obese women, but the differences
were not significant (11.0%, 8.0%, 8.7%, respectively,
p =0.1). PIH prevalence was 8.5%, where the prevalence of
underweight, normal and obese women was 4.1%, 7.1% and
27.4%, respectively (p < 0.001). The PIH prevalence in
obese women was 6 times that in the underweight women.
The proportion of cesarean sections was also higher in the
obese women than in underweight and normal women
(9.7%, 3.4%, 3.8%, respectively, p < 0.001).

Table 3 shows the perinatal outcomes by prepregnancy
BMI category. In underweight women, the odds ratio of
LBW and SGA were significantly increased by 1.7 (95% CI,
1.15-2.51), 1.45 (95% CI; 1.13-2.00), respectively,

All category, n = 3071 BMI category (kg/m?) p-Value

Underweight, n =493 Normal, n =2301 Obesity, n =277

(16.1%) (74.9%) (9.0%)
LBW 155 (5.0) 37 (1.5) 105 (4.6) 13 4.7 0.03
SGA 262 (8.5) 54 (11.0) 184 (8.0) 24 (8.7 0.10
LGA 170 (5.5) 16 (3.2) 127 (5.5) 27 (9.7) <0.001
Macrosomia 20 (0.7) 1(0.2) 15 (0.7) 4 (14) 0.12
PIH - 260 (8.5) 20 4.1 164 (7.1) 76 (27.4) <0.001
GDM 138 (4.5) 28 (5.7) 97 (4.2) 13 4.7 0.36
C/S 132 (4.3) 17 3.4) 88 (3.8) 27.(9.7) <0.001
Postpartum hemorrhage 90 (2.9) 13 (2.6) 66 (2.9) 11 (4.0) 0.54
Laceration 588 (19.1) 105 (21.3) 422 (18.3) 61 (22.0) 0.14

Values are presented as n (%); BMI categories (underweight < 18.5, normal, 18.5-25.0, and obesity > 25.0). p-Value based on ;(Z-test for percent. LBW: low birth
weight, SGA: small for gestational age, LGA: large for gestational age. PIH: pregnancy induced hypertension, GDM: gestational diabetes, C/S: cesarean section.
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Table 3
Adjusted odds ratios (OR) of perinatal outcomes by prepregnancy BMI '

BMI category (kg/m?)

Underweight, OR (95% CI) Normal, OR Obesity, OR (95% CI)
LBW 1.7 (1.15-2.51) 1.0 : 1.03 (0.57-1.86)
SGA 1.45 (1.13-2.00) 1.0 1.04 (0.67-1.64)
LGA 0.56 (0.33-0.96) 1.0 1.91 (1.23-2.96)
Macrosomia 0.3 (0.04-2.31) 1.0 2.31 (0.75-7.11)
PIH 0.55 (0.34-0.89) 1.0 4.89 (3.58-6.68)
GDM 1.37 (0.89-2.11) 1.0 1.11 (0.61-2.02)
C/S 0.89 (0.52-1.51) 1.0 2.72 (1.7124.31)
Postpartum hemorrhage 0.91 (0.50-1.67) 1.0 1.41 (0.73-2.72)
Laceration 1.24 (0.98-1.58) 1.0 1.19 (0.88-1.62)

CI: confidence interval; BMI categories (underweight < 18.5, normal, 18.5-25.0, obesity > 25.0). LBW: low birth weight, SGA: small for gestational age, and
LGA: large for gestational age. PIH: pregnancy induced hypertension, GDM: gestational diabetes, C/S: cesarean section. Adjusted for maternal age, parity and

maternal weight gain.

compared with the normal. On the other hand, in the obese
women,; the odds ratios of LGA, PIH and cesarean section
were increased significantly, by 1.91 (95% CI; 1.23-2.96),
4.89 (95% CI; 3.58-6.68), 2.72 (95% CI; 1.72-4.31),
respectively, compared with the normal. No increase in odds
ratio was observed for macrosomia, GDM, postpartum
hemorrhage and laceration in prepregnancy BMI cate-
gories.

Table 4 shows the distribution of perinatal complications
within maternal weight gain categories. Women with total
weight gain less than 8 kg had significantly increased risk of
LBW and SGA infants (OR =2.19, 95% CI; 1.36-3.52,
OR = 1.76, 95% CI; 1.23-2.51, respectively). On the other
hand, women with total weight gains over 14 kg showed a
significantly increased the risk of LGA infants and PTH
(OR =3.06, 95% CI; 1.88-4.98, OR = 2.87,95% CI; 1.86—
4.42, respectively). There was no statistically significant
difference in the incidence of GDM, cesarean delivery,
macrosomia, postpartum hemorrhage and laceration
between the weight gain categories. Total weight gain with
8-10 and 12.1-14 kg groups did not show any significant
influence on the other perinatal outcomes.

Table 4
Adjusted odds ratio (OR) of perinatal cutcomes by weight gain

4. Comment

This is the first epidemiological study in which we have
examined the ranges of maternal weight gain in 2 kg
intervals ranging from less than 8 kg to more than 14 kg, and
whether they affect or protect against the perinatal
complications as classified by prepregnancy BMI among
Japanese women. In order to define where in the range of
maternal weight gain the risk increases, the women were
divided into five categories as follows: under 8.0, 8.0-10.0,
10.1-12.0, 12.1-14.0, over 14.0kg. This study may
contribute to analysis of the factors causing recent trends
of increases in the proportion of LBW infants and of
decreases in the average birth weight in Japan, because the
birth weights have gradually declined from 3.16 to 3.07 kg
for boys and 3.08 to 2.99 kg for girls from 1990 to 2000, and
the prevalence rates of LBW infants have also increased 5.7—
7.8 for boys and 7.0-9.5 for girls, during the same periods
[14]. In our results, the total incidence of LGA infant was
only 5.5%, which was well below 10%. An analysis of the
major factors causing recent trends is important in order to
reduce the risk of perinatal complications and contribute to

Maternal weight gain (kg)

<8.0, n =925 (30.1%) 8.0-10.0, n =747 (24.3%)

10.1-12.0,
n =635 (20.7%)

12.1-14.0, n = 414 (13.5%) >14.0, n =350 (11.4%)

n (%) 95% CI n (%) OR(95% CD  n (%) OR n (%) OR (95% CI) n (%) OR (95% CI)
LBW 68 (74) 219(1.36-3.52) 38(51) 1.32(0.79-221) 25(39) 10 14(34) 0.84(043-1.63) 10(29) 0.71(0.37-1.50)
SGA 110 (11.9) 1.76 (1.23-2.51) 64 (8.6) 1.08 (0.73-1.59) 51(8.0) 1.0 21(5.1) 0.59 (0.35-0.99) 16 (4.6) 0.54 (0.30-0.99)
LGA 41(44) 065(0.39-1.06) 1925 0.51(028-091) 3149 10 34(8.2) 1.88(1.00-2.95 45(12.9) 3:06 (1.88-4.98)
Macrosomia 4(04) 0.27(0.07-1.05) 304 044(0.11-1.76) 6(0.9) 10 3(0.7) 0.84(021-341) 4(L1) 1.27(0.354.59)
PIH 68 (7.4) 057 (0.38-0.88) 47(63) 0.84(0.55-1.30) 46(7.2) 1.0 43 (104) 1.72 (1.00-2.69) 56 (16.0) 2.87 (1.86—4.42)
GDM 40 (4.3) 095(0.58-1.57) 34 (46) 1.02(0.61-1.70) 28 (44 10 17(41) 094 (0.51-1.75) 19 (54) 1.28 (0.70-2.32)
C/S 40 (4.3) 0.76(045-126) 29(39) 0.84(049-144) 28 (44) 1.0 23(56) 139 (0.78-2.46) 12 (3.4) 0.82 (0.41-1.65)
Postpartum 23(25) 065(0.35-1.19) 20(27) 0.76(0.41-141) 22(35) 10 4(1.0) 0.28(0.09-0.81) 21 (6.0) 1.82(0.91-3.22)
bemorrhage
Laceration 171 (18.5) 0.88 (0.68-1.14) 144 (19.3) 0.96 (0.73-1.26) 123 (19.4) 1.0 72 (174) 0.9 (0.65-1.24) 79 (22.3) 1.26 (0.91-1.74)

CL: confidence interval; LBW: low birth weight, SGA: small for gestational age, LGA: large for gestational age; PIH: pregnancy induced hypertension, GDM:
gestational diabetes, C/S: cesarean section; adjusted for maternal age, parity and prepregnancy BMI.
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assessment of the current JSOG guidelines for optimal
weight gain.

Underweight women had a higher incidence of LBW
infants than the normal group. Consistent with previous
reports, in our study, low maternal prepregnancy BMI had a
significant impact on perinatal outcomes, such as LBW and
SGA [15-17]. In our study, 7.5% of the LBW infants and
11% of the SGA infants were attributed to women who were
underweight at conception. Low maternal BMI could result
from chronically poor energy intake, which would reduce fat
stores and compromise visceral and somatic protein status.
Poor maternal nutritional status during pregnancy has also
been associated with reduced placental weight and surface
area, which could limit nutrient transfer from the maternal
circulation to the fetus, even if dietary intake increased later
in pregnancy [18]. These findings indicate that an adequate
BMI range before conception may help to prevent adverse
perinatal complications.

On the other hand, in our study, obese women had a
higher incidence of LGA infants, PIH and cesarean section
deliveries. Vahratian et al. reported that overweight women
(BMI > 26.1-29.0) and obese women (BMI > 29.0) were
1.2 and 1.5 times more likely, respectively, to have cesarean
deliveries than women of normal  weight

(19.8 < BMI < 26.0) [19]. Many researchers reported that
maternal obesity is associated with increased complications - -

of pregnancy, labor, and delivery, infant macrosomia and
birth defect, such as LGA infant, PIH and cesarean section
deliveries [20-22]. Therefore, appropriate maternal BMI at
conception may help to reduce the risk for pregnancy
complications and adverse pregnancy outcomes.

However, the relation between prepregnancy BMI and
- the incidence of complications varied according to the
maternal weight gain during pregnancy. Several investiga-
tors have suggested that the LBW risk among women with
poor weight gain is increased if they also reported a low
prepregnant BMI [23-24]. Our study found that the risk of
LBW infants decrcases when a woman’s weight gain
exceeds 8 kg, and the risk of PIH and cesarean section
delivery decreases when women gain less than 14 kg. These
results seem to support the importance of adequate maternal
weight gain to avoid the incidence of perinatal complica-
tions even though the prepregnant BMI can be considered a
potential predictor of adverse outcomes.

Birth weight is an important correlate of neonatal and
infant health and has been recently associated with adult
onset disease, including cardiovascular diseases, non-insulin
dependent diabetes mellitus [25-27]. In addition, reduced
ponderal index, which indicates asymmetric growth
resiriction is associated with reduced cognitive development
and lower intelligence quotient in children [28-30]. A recent
study showed that women delivering small infants may have
a higher risk of heart disease than women having larger
infants [31], and that women with PIH have a higher risk of
hypertension and heart disease later in life [32]. These
results seem to support the importance of appropriate

Journal of Obstetrics & Gynecology and Reproductive Biology xxx (2006) xxx—xxx 5

birthweight and optimal weight gain of women in pregnancy
to reduce adverse prenatal outcomes.

In regard to reduced birth size, the risk of LBW and SGA
infant was high among the women with weight gain of less
than 8 kg. They were nearly twice as likely to deliver LBW
and SGA infants as those with weight gains of 10.1-12 kg.
On the other hand, a low risk was found in women with
weight gain more than 8 kg. This means an appropriate
maternal weight gain may be a strong predictor of reduction
of the risk of LBW and SGA infants. Thus, our findings
highlight the importance of poor maternal weight gain as a
potentially correctable cause of adverse perinatal outcomes.

LGA were associated with excessive weight gain during
pregnancy [33]. Although normal women with more than

.14 kg weight gain during pregnancy showed a three times

greater risk for LGA infants, than the women with weight
gains 10-12 kg, there was no significant association between .
maternal weight gain and the incidence of LGA among
underweight and obese groups. Regarding the neonatal birth
size, these results indicate that the upper limit of weight gain
of up to 14 kg for women regardless of the prepregnant BMI
is optimal and may result in absence of complications.

A few studies reported that excessive weight gain would
induce a higher risk of adverse perinatal outcomes, PIH,
GDM and cesarean delivery [1--5]. Optimal weight gain for
Japanese pregnant women was set by JSOG in order to
prevent the risk of PIH, in 1997 [8]. According to Murakami
et al. [34], weight gain during pregnancy seems to have no
significant influence on perinatal outcomes, such as GDM
and PIH. They found that the incidence of PIH was not
significantly increased in Japanese women who gained more
than 12.5 kg compared to those gained 8.5-12.5 kg. They
had different classification of maternal weight gain as
follows: less 8.5 kg, 8.5-12.5kg and over 12.5kg, and
analyzed the data using 8.5-12.5 kg as the reference group.
Their finding was of great interest to clinicians, in assessing
the effects of restricting weight gain on perinatal outcome.
Consistent with their findings, our study found that GDM
was not associated with weight gain. On the other hand, the
incidence of PIH was higher among women gaining up to
14 kg. The reason for this inconsistency may be redefining
classification for maternal weight gain and setting the
references. :

There are some limitations in our study. First, we did not
find any significant relation between perinatal complications
and maternal weight gain, possibly due to limited
classification for obesity and weight gain range. NIH
defined overweight as a BMI 25.0-29.9 kg/m2 and obesity is
a BMI > 30 kg/m? [10]. In our study, 9% were overweight
and only 1.8% had obesity by NIH criteria (data not shown).
The rate of obesity (BMI > 30 kg/m?) among reproductive-
aged women is around 33% in US [35], in 2000. On the other
hand, although the prevalence of obesity is increasing and
becoming a major risk factor for common disease for most
Japanese people, BMI has been decreasing only in
reproductive—aged women, presumably due to excessive
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dieting. The rate of obesity (BMI > 25kg/m?) among
Japanese women aged 20-29 and 30-39 years old
significantly had decreased over the last two decades,
1980~2000 (11.1 to 6.9%, 14.7 to 12.9%, respectively) [36].

Secondly, our sample size was small and too few women
in this study had a diagnosis of GDM, PIH, macrosomia and
postpartumn  hemorrhage during pregnancy. The rate of
perinatal complications was examined in five stratified
categories for weight gain based on prepregnancy BMI,
making statistical differences. Thus, we believe large-scale
randomized trials are needed to assess more precisely the
acceptable range of weight gain for incidence of perinatal
complications.

This study shows that the perinatal outcomes for women
with a gestational weight gain of 8-10 kg and 12.1-14.0 kg
were not significantly different from those for women with
gestational weight gain 10.0-12.0 kg. Restricted weight gain
is not strongly protective against maternal complications.
This indicates that optimal weight gain should not be too low
and current JSOG guidelines should be re-assessed. Our
findings will be useful to clinicians providing antenatal care.
Appropriate gestational weight gain is important for
achieving healthy pregnancies, deliveries and birth out-
comes for women. In addition, women who were under-
weight and obese before pregnancy should be aware of the
potential hazards of low or high preconception BMI. We
need to further research and validate clinically effective and
practical interventions in optimizing better health outcomes
for infants and mothers.
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Abstract

Background: The purpose of the paper was to determine the risk factors for small fo-r
gestational age (SGA) infants at full term, in Japan.

Methods: The study was conducted at four hospitals and clinics in the Tokyo metropolitan area.
A retrospective review of 2972 mothers and their infants born from singleton pregnancies at
any time during the years 2002 and 2003 was conducted.

Results: Of these women, 8.4% gave birth to SGA infants. The proportion of SGA infant was |
signiﬁcanﬂy higher among heavy smokers (>10 cigarettes/day; 13.7%, p<0.01). The odds ratio
for SGA decreased significantly in proportion, to- the pregnancy body mass index (ORI 0.89,
95%CI. 0.84-0.94, p<0.001). The odds ratio of SGA for stratified maternal weight gain was 1.79
(95%Cl. 1.24-2.58, p=<0.01) for weight gain less than 8.0 kg, 1.16 (95%CI. 0.79-1.71, p=0.45) for
weight gain 8.0-10.0 kg, and 0.49 (95%CI.0.3-0.78, p<0.01) for weight gain over 12 kg.
Conclusion: Qur study clearly confirms the detrimental effect of a low prepregnancy body mass
index, low maternal weight gain and maternal smoking during pregnancy on the incidence of
SGA infants.

. Key Words small for gestational age (SGA), maternal weight gain, prepregnancy body mass

index (BMD
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Introduction

Birth weight in infants is an important predictor not only of perinatal health, but also
of growth, development and well-being in adult life.! Reduced size at birth, which includes low
birth weight (LBW: birth weight less than 2500 g) and small for gestational age (SGA: the
lowest 10t percentile for gestational age) infants are at greater risk than infants of normal
birth weight, of having reduced educational capacity, school performance and intellectual
development.2

Some adult health risks show a clear negative correlation with infant birth weight. The

fetal origins hypothesis that low birth weight may be associated with an increased risk of
subsequent development of a variety of complications in adulthood including cardiovascular
disease, non-insulin dependent diabetes mellitus, hypertension and dyslipidemia.¥4 In
addition, a recent study reported that SGA was associated with adult psychological disorders
as well. Wiles et al. reported that children born full term but weighing less than 5.5 lb had
increased psychological dist?ess in later life, and that 1 SD decrease in birth weight for
gestational age was associated with increased psychological distress in adulthood.’

The Maternal and Child Health Statistics of Japan survey revealed that the average
birth weight has gradually declined since 1985. Mean birth weights were 3.2 for boys and 3.12
kg for girls in 1985, and these declined to 3.07 and 2.99 kg, respectively in 2004, although there
was no difference of average gestational age between those years.® It ié important to identify

the SGA risk factors that may reduce the incidence of infant mortality and morbidity, and
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finally reduce the risk of diseases in later adulthood. The purpose of this study was to

determine the risk factors for SGA infants at full term in Japan.

Materials and Methods

Subjects

The study was conducted at the obstetrics and gynecology divisions of four hospitals and clinics
located in diffefent administrative wards of the Tokyo metropolitan area. However the number

of delivery per year of each hospitals and clinics was different, the average maternal age, parity,

incidence of cesarean section for subjects, was similar. Therefore, we combined the data to

analyze the risk factors for SGA. It is a retrospective study; undertake using data from 2972

Japanese mothers and their infants born at 37 to 41 weeks of gestation from singleton
pregnancies at any time during the years 2002 and 2003. Exclusion criteria were as follows:
stillbirth, fetal malformations, gestational or pregestational diabetes and pregnancy induced

hypertension.

Anthropometric Measurements and Data Collection

Gestational age was estimated from the last menstrual period (LMP) and confirmed by
ultrasound examination mainly at 8-11 gestational weeks. SGA was defined as the lowest 10tk
percentile for gestational age at birth in the population standard for gestational age, sex and

parity according to the reference developed by Nishida et al,” which had commonly been used
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as birth size standards for Japanese neonates.

Maternal prepregnancy weight was self reported. BMI was calculated as prepregnancy body
weight divided by the square of height (kg/m?). Subjects were classified according to the
prepregnancy BMI into underweight (BMI<18.0), normal (18.0<BMI = 24.0), and obese
(BMI>24.0) groups, according to the standards set by the Japan Society of Obstetrics and
Gynecology (JSOG). The WHO expert group has proposed that the range of normal BMI for
Asian populations should be narrowed, because the WHO guidelines for BMI criteria
(underweight<18.5, normal 18.5-25.0, and obese>25.0) are based on data from Western
countries, and many Asian countries have a lower prevalence of obesity, yet have high rates of
obesity-related diseases.? We used the BMI criteria formulated by the JSOG because the‘
normal range specified by the JSOG is narrower than that of the WHO.

Other demographic data including age, parity and medical history were obtained from
prenatal records. After delivery, the newborn anthoropometric characteristics and recorded; -
birth weight, length, head and chest circumference were measured. Total maternal weight gain
was defined as the difference between measured weight at the last prenatal visit closest to
delivery and self-reported i)repregnancy weight. In the present study, the 25, 50th, 75tk and
90 percentiles for maternal weight gain are 7.4, 9.5, 11.7 and 14.0 kg, respectively. To exaﬁline
the influence of increased maternal weight gain on birth weight or incidence of SGA, we
stratified weight gain into four categories based on these percentile values; less than 8.0,

8.0-10.0, 10.1-12.0 and over 12.0 kg. Smokers were defined as women who had smoked
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