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Abstract

Background: The rate of low-birth weight infants in Japan has been increasing. Being underweight
and increasing maternal age are risk factors for delivering low birthweight infants. Currently, pregnant
Japanese women exhibit these risk factors for delivering low birthweight infants; however, little research
has been conducted. This study aimed to investigate the associations between pregnancy characteristics
in Japanese women and low birth weight infants.

Methods: We enrolled 2551 pregnant women at >36 weeks of gestation and who delivered in metropolitan
Tokyo. Pre-pregnancy body mass index was categorized using the World Health Organization
classification. Gestational weight gain and birth weight were categorized based on the guidelines of the
Ministry of Health, Labour and Welfare, Japan. The differences in pregnancy characteristics among three
birth-weight categories,i.e., low birth weight, normal, and macrosomia, were assessed using the chi-
square test. The risk ratios of low birth weight were estimated using logistic regression analysis.

Results: In Japanese pregnancies, birth weight was associated with gestational week at delivery, gestational
weight gain, pre-pregnancy body mass index, sex, parity, and maternal age (P<0.05). In particular, the
risk of low birth weight increased with advanced maternal age (odds ratio=1.97), insufficient gestational
week at delivery (odds ratio=9.00), low gestational weight gain (odds ratio=2.76), and female infant
(odds ratio=2.06). Further, it decreased in multiparous women compared with that in primiparous
women (odds ratio=0.57).

Conclusions: These findings suggest that pregnant Japanese women who are >40 years old with a
gestational weight gain of <7.0 kg, <37 gestational weeks at delivery, female baby, and primiparous should
be checked carefully during the gestational period. In order to decrease the risk of low birth weight
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babies, women should be educated early about childbearing and pregnancy.

Introduction

Low pre-pregnancy body mass index (BMI) is a significant risk
factor for delivering low-birth weight (LBW) infants [1,2]. Gestational
weight gain (GWG) and gestational week at delivery (GWD) are also
crucial for preventing the delivery of LBW infants [1,2]. Underweight
pregnant women are at a particularly increased risk of preterm
delivery and delivering small for gestational age (SGA) and LBW
infants [3]. In Japan, the ratio of underweight women, especially in
their 20s and 30s, has increased dramatically. In 1982, the proportion
of underweight Japanese women in their 20s and 30s was12.1% and
8.2%, respectively, and in 2012, these rates had increased to 21.8% and
17.1%, respectively [4,5]. Since the 1970s, a consistent increase in the
proportion of LBW infants has been observed [6].

Adequate GWG during pregnancy is crucial for avoiding
complications in both mothers and their children [1-3]. In 2006,
the Ministry of Health, Labour and Welfare (MHLW) of Japan
defined suitable levels of GWG in pregnant Japanese women based
on pre-pregnancy BMI to ensure healthy birth weights (3000 g) as
9.0-12.0 kg for underweight women (<18.5 kg/m?), 7.0-12.0 kg for
normal weight women (18.5-24.9 kg/m?), and 5.0 kg for overweight
women (225 kg/m?) [7]. GWG in pregnant Japanese women is strictly
managed following this guideline. However, the mean birth weight
(BW) of singletons decreased from 3200 g in 1975 to 3020 g in 2009.
In 2009, the rate of LBW infants in Japan reached a peak of 8.3% [8].
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One of the most striking changes in the demography of developed
countries during the last decades has been the postponement of
childbirth until women are in their late 30s [9]. Increasing maternal
age at first delivery is an independent risk factor for LBW infants
in the United States of America (USA) [10].Both black and white
mothers in their 30s are significantly more likely to deliver a LBW
infant than women aged 25-29 years [11]. In Japan, the mean age at
first birth was 25.7 years in 1975 and 30.3 years in 2012, and maternal
age in Japan has also increased rapidly [5].

Therefore, we hypothesize that currently, Japanese women exhibit
three risk factors for delivering LBW babies: insufficient GWG,
underweight maternal status, and advanced maternal age at delivery.
Little research has been conducted on the associations between birth
and older mothers despite the increasing rates of LBW infants in
Japan [6,12]. The objective of this study was to assess the association
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between maternal characteristics and BW after controlling for other
maternal factors. Previous studies have suggested combined effects
of pre-pregnancy BMI, GWG, GWD, parity, and infant gender in
relation to LBW [1-3,6,12-15]. Furthermore, we evaluated the rates at
which women below, within, and above MHLW guidelines delivered
normal weight infants, including combined effects, using odds ratios
(ORs) and 95% confidence intervals (95% CI). This study contributes
to the existing Japanese literature by providing new information
that underscores the need to balance pregnancy characteristics and
MHLW guidelines against the risk of LBW.

Materials and Methods
Participants

This study was a comprehensive analysis of pregnancy data obtained
from the Japanese Red Cross Medical Centre in Tokyo, Japan (JRC) in
2011. A total of 2847 pregnant women delivered at the JRC between
January and December 2011 with 2567 singletons born after 36 weeks
of gestation. After excluding cases with missing data, 2551 deliveries
from singleton pregnancies after 36 weeks of gestation were enrolled
in the study. Pregnant smokers cannot give birth at this medical center
and therefore, all participants in this study were non smokers.

Instruments

All information was obtained from objective records and included
demographic characteristics, medical history, and pre- and postnatal
visits.

Data collection

The demographic characteristics of the pregnant women, including
maternal age, pre-pregnancy BMI values (kg/m?), GWG, parity,
and GWD were collected from the medical records of the women.
Infant data, including BW and gender, were also collected. Pregnancy
BMI was categorized into three groups based on the World Health
Organization (WHO) classifications: underweight (<18.5 kg/m?),
normal weight (18.5-24.9 kg/m? reference), and overweight (=25 kg/
m?). GWG was defined as the difference in kilograms between the
measured weight on admission for delivery or the last prenatal visit
(within one week before delivery) and the weight before becoming
pregnant. GWG was categorized according to the 2006 guidelines of
the MHLW of Japan as low (<7.0 kg), almost appropriate (7.0-8.9 kg),
appropriate (reference: 9.0-11.9 kg), and excessive (>12.0 kg). These
cutoffs were chosen because appropriate weight gain as defined by the
MHLW is 9.0-12.0 kg for underweight women and 7.0-12.0 kg for
normal-weight women. Although appropriate values for overweight
women are decided individually, the GWG criterion for overweight
pregnant women is basically 5.0 kg. Maternal age was categorized into
four groups based on the mean maternal age in years at first delivery in
Japan: <30, 30-34 (reference), 35-39, and >40. GWD was calculated
as the number of completed weeks of gestation from the first day of
the last menstrual period to the date of delivery and was confirmed
by earlier ultrasound. We utilized three GWD groups: 36-37 weeks,
38-39 weeks (reference), and 40-41 weeks. BW was categorized into
three groups based on the MHLW guidelines: LBW (<2500 g), normal
BW (2500-3999 g), and macrosomia (4000 g).

Ethical considerations

This study was approved by the Standards of Official Conduct
Committee of the Japanese Red Cross Medical Centre in 2012.
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Data analysis

The normality of the data distribution was first assessed using
the Kolmogorov-Smirnov test. After this examination, all statistical
analyzes were confirmed. The data for maternal age at delivery, GWD,
GWG, and BW were described using mean * standard deviation
(SD). The chi-square test using the expected value was used to assess
the differences in pregnancy characteristics among the three BW
groups. The differences in the BW categories and GWG, GWD, and
pre-pregnancy BMI were analyzed using the Kruskal-Wallis test.
The association between pre-pregnancy BMI and maternal age was
analyzed by the Kruskal-Wallis test. Differences in infant gender,
parity, and BW were evaluated using Mann-Whitney U Test. The
relationships between risk of LBW and pregnancy characteristics
were analyzed by logistic regression analysis based on the odds ratio
(OR) and 95% confidence interval (CI). P-values less than 0.05 were
considered statistically significant. Statistical analysis was performed
using Statistical Package (SPSS version 21.0, Chicago).

Results
Participant demographics

A total of 2551 pairs of mothers and infants with complete in-
formation were included in this study. The demographic characteristics
of the women and their infants in the three BW categories are presented
in Table 1. Among the women, 567 (22.2%) were underweight, 1851
(72.6%) were normal weight, and 133 (5.2%) were overweight. Among
the underweight pregnant women, 137 (24.2%) were <30 years old,
260 (45.8%) were 30-34 years old, 128 (22.6%) were 35-39 years old,
and 42 (7.4%) were >40 years old. The mean maternal age at delivery
was 34.0+4.9 years (range: 16-56 years). Approximately 40.6% of the
mothers were 235 years old. A total of 1580 women (61.9%) were
primiparous and 971 (38.1%) were multiparous. The mean ages of the
primiparous and multiparous women were 33.3 years and 35.1 years,
respectively. The pregnant women in the underweight group (mean:
32.7+4.9 years, range: 18-48 years) were significantly younger than
those in the normal weight group (mean: 34.3+4.9 years, range: 16-54
years) whereas the women in the overweight group (mean: 35.3+4.8
years, range: 23-56 years) were significantly older (P<0.001). The
proportion of LBW was significantly different among the maternal
age groups (P<0.05). The proportion of LBW in insufficient GWG
of the underweight and normal weight groups was significantly
higher compared to the overweight group (P<0.01). The rates of
LBW for primiparous mothers and female infants were significantly
higher compared to multiparous mothers and male infants (P<0.05).
GWD and GWG differed significantly among the three infant BW
categories (P<0.001). In relation to infant data, 1307 (51.2%) were
male and 1244 (48.8%) were female. The number of LBW (<2500
g), normal BW (2500-3999g), and macrosomia (=4000 g) were 170
(6.7%), 2357 (92.4%), and 24 (0.9%), respectively. The mean BW of
all infants was 3056+382 g. The mean BW of male and female infants
were 31054381 g and 3003+377 g, respectively. The mean BW of
male infants was higher than that of female infants (P<0.001). The
mean BW in primiparous and multiparous deliveries was 3032+376
g and 3097+391 g, respectively. The mean infant BW in multiparous
deliveries was higher compared to primiparous deliveries (P<0.001).
The mean infant BW was 2986.7+370.1 g in the underweight group,
3069.8+378.8 g in the normal weight group, and 3164.7+446.0 g in
the overweight group. The mean BW differed significantly among the
three pre-pregnancy BMI groups (P <0.001).
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Categpries of infant birth weight (g) P-value
LBW<2500 Normal BW Macrosomia>4000
n=170 n=2357 n=24
n n (%) n (%) n (%)
Maternal age <30 468 34(1.3%) 432(16.9%) 2(0.1%)
(Years) 31.2 432.4 4.4
30-34 1047 61(2.4%) 981(38.5%) 5(0.2%)
69.8 967.4 9.9
35-39 708 46(1.8%) 649(25.4%) 13(0.5%) p<0.05
47.2 654.2 6.7
>40 328 29(1.1%) 295(11.6%) 4(0.2%)
219 303.1 3.1
Pre-pregnancy BMI <18.5 567 49(1.9%) 515(20.2%) 3(0.1%)
(kg/m?) 37.8 523.9 53
18.5-24.9 1851 112(4.4%) 1722(67.5%) 17(0.6%) p<0.05
123.4 1710.2 17.4
>25 133 9(0.4%) 120(4.7%) 4(2.0)
8.9 122.9 1.3
Pre-pregnancy <18.5 (underweight)
BMI/ MHLW Below 165 24(4.2%) 141(24.9%) 0(0.0%)
weight gain 14.3 149.9 0.9
guidelines Within 229 16(2.8%) 213(37.6%) 0(0.0%) p<0.01
19.8 208.0 1.2
Above 173 9(1.6%) 161(28.4%) 3(0.5%)
15.0 157.1 0.9
18.5-25.0 (Average)
Below 265 38 (2.1%) 226 (12.2%) 1(0.1%)
16.0 246.5 2.4
Within 1110 62 (3.4%) 1038 (56.1%) 10 (0.5%) P<0.001
67.2 1032.6 10.2
Above 476 12 (0.6%) 458 (24.7%) 6(0.3%)
28.8 442.8 4.4
225 (Overweight)
Below 9 1(0.7%) 8(6.0%) 0(0.0%)
0.6 8.1 0.3 ns
Within 32 4(3.0%) 28(21.1%) 0(0.0%)
2.2 28.9 1.0
Above 92 4(3.0%) 84(63.2%) 4(3.0%)
6.2 83.0 2.8
Parity primiparas 1580 116 (4.6%) 1454(57.0%) 10(0.4%)
105.3 1459.8 14.9 p<0.05
multiparas 971 54(2.1%) 903(35.4%) 14(0.5%)
64.7 897.2 9.1
Infant gender male 1307 67 (2.6%) 1226(48.1%) 14(0.5%)
87.1 12707.6 12.3 P<0.001
female 1244 103(4.0%) 1131(44.4%) 10(0.4%)
82.9 1149.4 11.9
Mean+SD
Gestational week at delivery (GWD) (weeks) 37.9+1.3 39.3%1.1 40.4+0.8 P<0.001
Gestational weight gain (GWG) (kg) 8.1+3.8 10.3+3.5 12.0+3.9 P<0.001

Table 1: Maternal characteristics dividied into three groups based on the criteria of infant birth weight in Japan
Top row, n(%); second row, the expected value
The data of GWD and GWG were shown using mean+SD
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Odds ratio of low birth weight

Pregnant women in >40 years old group were at al.97-fold higher
risk of delivering LBW infants compared to the reference group (30—
34 years) (adjusted OR=1.97; 95% CI=1.15-3.39) (Table 2). Women
who were below the MHLW guideline for GWG (<7.0 kg) experienced
a 2.76-fold increased risk of delivering LBW infants compared to the
reference group (9.0-11.0 kg) (adjusted OR=2.76, 95% CI=1.78-4.29).
Women who were less than 37 GWD were at a 9.00-fold higher risk
of delivering a LBW infant compared to the reference group (adjusted
OR=9.00; 95% CI=6.06-13.38). Multiparous women exhibited a
43% lower risk of delivering LBW infants (adjusted OR=0.57; 95%
CI=0.39-0.83). Compared to pregnant women who delivered male
babies, women who delivered female babies exhibited a 2.06-fold
increased risk of LBW (adjusted OR=2.06; 95% CI=1.45-2.94).

Discussion

In this study, the participants were classified into four age groups
with 30 to 34 years as the reference group. In the USA, the risk of LBW
is significantly higher for pregnant women aged 40 years or older
compared to women aged 20 to 24 years [10]. In Sweden, advanced
maternal age has been associated with an increased risk of LBW and
women 35 to 40 years of age delivering singletons have a 1.7-fold
higher rate of LBW compared to women 20 to 24 years of age [16]. In
this study, the>40-year pregnant group had a 1.97-fold higher risk of
delivering LBW babies compared to the 30- to 34-yearpregnant group.
Women aged 240 years are at elevated risk of LBW, stillbirth, preterm
birth, and NICU admission [9]. These results suggest that the risk of
delivering LBW babies increases with maternal age. Women should
know that their fecundity and fertility begin to decline significantly
after 32 years of age [17]. We consider that health education in
relation to childbearing and pregnancy at the student periods play an
important role to prevent delivering LBW babies.
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The mean maternal age at first birth in this study was 33.3 years,
which is remarkably high compared to previous studies. The mean
maternal age at first birth was 29.2 years in 2005 in Canada, 27.4 years
in 2005 in the USA, and 29.5 years in 2006 in England and Wales [9].
The mean maternal age may have been higher in our study because
the study was conducted at a center in metropolitan Tokyo where the
mean maternal age is significantly higher than in other areas in Japan.
In 2013, the mean maternal age at first birth in Japan was 30.4 years;
however, in Tokyo the age was 32.2 years [18]. In addition, the mean
age at first marriage for females in Japan was 29.3 years but in Tokyo
the age was 30.4 years [18]. Thus, we consider delay in first marriage
for females as one of the leading causes of the delay of maternal age
at first birth.

We studied the effect of maternal age on birth outcomes by
parity because increasing maternal age at first birth delays second-
born infants. Although studies have been limited, the risks of child
bearing are clearly lower among multiparous women [9,19]. There is a
positive relationship between maternal age and neonatal death among
primiparous but not multiparous women [9]. Our study definitely
indicates that the risk of LBW is lower for multiparous compared to
primiparous pregnancies. Our analysis verified that the risk of LBW
was 2.06-fold higher among female infants compared to male infants.
Primiparous women carrying female infants should receive increased
monitoring for LBW.

The management of GWG using official guidelines has been
implemented globally [1,2,13,20-23]. According to a prospective
cohort study in the USA, GWG within the levels recommended by
the Institute of Medicine (IOM) guidelines was associated with a
decreased risk of delivering LBW babies [1]. In Mexico, adequate
GWG decreases maternal and infant adverse outcomes [24]. In this
study, the proportion of LBW in both underweight and average

More than 2500g LBW (Less than 2500g)
(n=2381) (n=170)
Measurement Univariate analysis P-value Multivariable analysis P-value
n(%) n(%) Adjusted odds ratio (95CI) Adjusted odds ratio (95CI)

Age (years) <30 434(18.2%) 34(20.0%) 1.44(0.90-2.29) 0.125 1.32(0.79-2.20) 0.295

30-34 790(33.2%) 43(25.3%) 1.00(Reference) - 1.00(Reference) -
35-39 858(36.0%) 64(37.6%) 1.37(0.92-2.04) 0.121 1.46(0.94-2.26) 0.089
>40 299(12.6%) 29(17.1%) 1.78(1.09-2.91) 0.021 1.97(1.15-3.39) 0.014
Pre- <18.5 518(21.8%) 49(28.8%) 1.47(1.03-2.08) 0.031 1.42(0.96-2.11) 0.079

pregnancy 18.5-24.9 1739(73.0%) 112(65.9%) 1.00(Reference) - 1.00(Reference) -
BMI (kg/m?) >25 124(5.2%) 9(5.3%) 1.13(0.56-2.27) 0.739 0.78(0.36-1.69) 0.527
GWG (kg) <7.0 329(13.3%) 60(35.3%) 3.05(2.06-4.51) 0.001 2.76(1.78-4.29) 0.001
7.0-8.9 477(20.0%) 35(20.6%) 1.23(1.79-1.91) 0.367 0.95(0.59-1.53) 0.824

9.0-11.9 869(36.5%) 52(30.6%) 1.00(Reference) - 1.00(Reference) -
>12.0 706(29.7%) 23(13.5%) 0.54(0.33-0.89) 0.017 0.59(0.35-1.01) 0.056
GWD (weeks) 36-37 131(5.5%) 71(41.8%) 8.04(5.57-11.62) 0.001 9.00(6.06-13.38) 0.001

38-39 1172(49.2%) 79(46.5%) 1.00(Reference) - 1.00(Reference -
40-41 1078(45.3%) 20(11.8%) 0.28(0.17-0.45) 0.001 0.29(0.18-0.49) 0.001

Parity primipara 1464(61.5%) 116(68.2%) 1.00(Reference) - 1.00(Reference) -
multipara 917(38.5%) 54(31.8%) 0.74(0.17-0.45) 0.081 0.57(0.39-0.83) 0.003

Infant gender male 1240(52.1%) 67(39.4%) 1.00(Reference) - 1.00(Reference) -
female 1141(47.9%) 103(60.6%) 1.67(1.21-2.29) 0.002 2.06(1.45-2.94) 0.001

Table 2: Odds ratio and 95% confidence interval of low birth weight.
LBW: low birth weight
GWG: gestational weight gain

GWD:gestational week at delivery

Hosmer-Lemeshow P=0.244, P<0.001
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pregnancies based on MHLW weight gain guidelines was higher. In
Japan, low GWG has already been demonstrated to be a valid risk
factor for LBW [15]. These results suggest that pregnant women
must increase their weight to prevent LBW. Pregnant women must
continuously monitor their body weight during pregnancy using their
country’s official criteria. The differences in the recommended GWG
values between Japan and other countries could be due to differences
in body composition between races [2,11,19,23,25].

Low pre-pregnancy BMI is a significant risk factor for LBW
[1,2,17]. According to Japanese epidemiological studies, a decrease in
BMI appears to be a major risk factor for the increase in LBW babies
[6,12]. Our study results are in agreement with these previous studies
and it should be noted that not only younger underweight pregnant
women but also older underweight pregnant women must be careful.
In 2013, the percentage of women in their 40s who were underweight
in Japan reached 11.0% [26]. In this study, 13.1% of women aged =40
years were underweight. Efforts should be made to ensure that women
are educated about the management of their weight by attending
physicians, nurses, and nutritionists to reduce the occurrence of LBW
infants. Furthermore, health education from an early stage based on
the school is quite important to prevent delivering LBW babies.

Our study suggests that GWD is an important factor to prevent
LBW infants. The mean GWD of LBW cases was 36-37 weeks and
this value is lower than that in the other groups of women classified
by pre-pregnancy BMI. Extending GWD prevents iatrogenic preterm
births and improves neonatal survival rate [27]. Early birth reduces
the time in the mother’s uterus during which an infant can grow and
gain weight and much of the baby’s weight is gained during the latter
part of pregnancy [28]. According to a large population-based survey
of all singleton births in Canada, the risk of preterm (<37 weeks) birth
and SGA increases significantly with advanced maternal age [28].
Individualized management of GWG and fetal condition, particularly
in older pregnant women, may help prevent the incidence of LBW.

Our study has some potential limitations. It's retrospective nature
does not allow us to obtain additional detailed information regarding
potential confounding factors such as pregnancy complications
[29,30], mode of delivery, maternal education, and lifestyle during
pregnancy. Identical anthropometric measurements could not be
performed for all pregnant women throughout the research period.

Conclusions

We have demonstrated that advanced maternal age, early
gestational week at delivery, low weight gain during the gestational
period, parity, and infant sex are significantly associated with LBW.
Strong consideration should be given to the management of pregnant
women, particularly those with BMI<18.5 kg/m?, age >40 years, or
GWG of <7.0 kg. Primiparous pregnant women and those carrying
female infants require more attention in order to improve outcomes.
Women should be educated early about childbearing and pregnancy
to decrease the rates of LBW.
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