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ABSTRACT

Japan has a higher prevalence of low birthweight infants (LBW, < 2500 g) than other developed coun-
tries. In this study, we aimed to clarify the descriptive epidemiological characteristics of LBW prevalence
in Japan from 1980 to 2020. LBW prevalence data were obtained from the Vital Statistics of Japan. Trends
in crude and age-standardized LBW prevalence rates for total and singleton births separately and rates
for full-term births, as well as age-specific prevalence rates by maternal age at delivery, were analyzed
using joinpoint regression. The crude LBW rate increased slowly from 5.18 per 100 births in 1980, rose
sharply from the late 1980s, peaked at 9.62 in 2007, and then declined slowly to 9.22 in 2020 for the
total births. The annual percent changes were 1.35% (1980-1987), 3.37% (1987-2000), 1.81% (2000-2006),
and —-0.24% (2006-2020), with an average annual percent change (APC) of 1.51%. Age-standardized rates
for the singleton and full-term births showed a similar trend. Age-specific rates showed a sharp increase
for approximately 10 years after 1985, followed by a decline in the group > 35 years of age. The rate
for the 15-19 age group increased gradually, with no change point (APC = 0.60). These findings likely
reflect changes in maternal and socio-environmental factors—such as increased maternal age, undernutri-
tion, lower body mass index (BMI), and expanded use of assisted reproductive technology and perinatal
care—and emphasize the importance of preconception care and maternal health care, including nutrition
and life-course approaches, to reduce low birthweight risk.
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INTRODUCTION

Low birthweight (LBW, < 2500 g) in infants is a global public health concern. Birth weight
is an essential indicator of the intrauterine environment, nutritional status, and lifestyle of
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the mother. In addition, pregnancy-related illnesses during pregnancy substantially affect the
intrauterine environment.'> LBW is closely associated with the health status of the newborn
and long-term health conditions*® such as hypertension,”® type 2 diabetes,” and cardiovascular
diseases.!®!! Therefore, LBW is a primary outcome indicator of the Global Nutrition Monitoring
Framework core indicator set'? and is included in the World Health Organization (WHO) Global
reference list of 100 core health indicators.'

According to United Nations Children Emergency Fund,'* approximately 19.8 million neonates
had LBW in 2020, accounting for 14.7% of the total births. Two perspectives are crucial when
examining trends in LBW and when considering countermeasures. The first is the challenge
in low- and low-middle-income regions, including South Asia and Sub-Saharan Africa, where
16.5 million infants were born with LBW, accounting for 83.3% of all neonates with LBW.
The prevalence of LBW varies among countries; however, approximately 1 million infants with
LBW were born in high-income areas. According to 2021 data published by the Organisation for
Economic Co-operation and Development (OECD)," Greece (9.7%) and Japan (9.4%) had higher
LBW prevalence rates than the United States (8.5%), France (7.3%), South Korea (7.2%), and
the United Kingdom (6.4%). Annual trends show an increasing LBW prevalence in all countries
except the United Kingdom. Japan, in particular, showed a rapid increase in the prevalence of
neonates with LBW from 5.2% in 1980 to over 9% in 2002, which was faster than the increase
in any other country. However, considering that Japan has a low neonatal mortality rate, the
increasing prevalence of infants with LBW could lead to a considerable socioeconomic burden,
including an increase in disease prevalence. Therefore, we aimed to clarify the descriptive epide-
miological characteristics of infants with LBW in Japan and provide epidemiological knowledge
that can serve as a foundation for preventive measures.

MATERIALS AND METHODS

Study design and data collection

This nationwide descriptive epidemiological study used the annual Vital Statistics published
by the Japanese government and analyzed government statistical data from 1980 to 2020 to
characterize the descriptive epidemiology of LBW prevalence. LBW birth data (1980-2020)
were collected from the public database of the Japanese Ministry of Health, Labour and Welfare
(MHLW), and the trends were analyzed using a joinpoint regression analysis.!®

In Japan, obstetricians and midwives at hospitals and clinics issue birth certificates at the time
of delivery, including birth weight and whether the birth is singleton or multiple. The parents
of the child submit the birth certificate to the municipal office within 14 days of birth, and
information on the certificate is stored in an electronic form. Annually, the MHLW publishes the
number of births weighing < 2500 g according to the mother’s 5-year age group. All data used
in this study are open-access and publicly available. No personally identifiable information was
recorded or used; therefore, ethical approval was not required based on Ethical Guidelines for
Medical and Biological Research Involving Human Subjects that the Bioethics Review Committee
of the Nagoya University Graduate School of Medicine adheres to.

Statistical analyses

The outcome variable was the prevalence of LBW in the total and singleton births. We consid-
ered that all births, including multiple births, should be targeted when examining the impact of
infertility treatment. On the other hand, we considered it appropriate to target only singleton births
in order to observe the effects of changes in the social environment other than infertility treatment.
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Available data included the number of infants with LBW in seven age groups from 1980
to 2020: < 19, 20-24, 25-29, 30-34, 35-39, 40-44, and > 45 years. Infants with LBW were
divided into single and multiple birth groups. In addition, the number of infants with LBW by
week of delivery was available, but not by maternal age group.

First, we examined the trend in crude LBW prevalence from 1980 to 2020. Then, we inves-
tigated the trend in age-adjusted LBW prevalence based on the number of births by age group
in 2015 and determined the crude LBW prevalence in the seven age groups. Next, the trend
in crude LBW prevalence was examined by targeting only full-term births. These examinations
were conducted for the total and single births only.

Joinpoint regression analysis

Trends in the LBW prevalence were analyzed using a joinpoint regression model.'® The
basic concept of joinpoint regression analysis is to divide the long-term trend line into several
segments and describe each segment with continuous linearity. Seven joint points were set up
for the estimation, and the model was tested and confirmed to be the best fit. In the joinpoint
regression analysis, the years in which significant changes in prevalence occurred during the
study period were identified, along with the annual percent change (APC) in each segment and
the average APC for the entire period. Joinpoint regression analysis was performed using the
Joinpoint Regression Program (v. 5.0.0; US National Cancer Institute, Bethesda, MD, USA)."”

RESULTS

Figure 1 shows the crude and age-standardized prevalence rates of neonates with LBW per
100 births for the total and singleton births from 1980 to 2020. It also displays the respective
modeled annual trends. Figure 1 and Table 1 present the joinpoint regression analysis results
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Fig. 1 Crude and age-standardized prevalence rates per 100 births of low birthweight by overall and
singleton births from 1980 to 2020, and the respective modeled annual trends
LBW: low birthweight
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Table 1 Trends analysis of crude and age-standardized prevalence rate of low birthweight
per 100 births according to total and singleton births, 1980-2020

Segment

Ace Number of Start  End APC Average APC
& joinpoints (95% CI, lower, upper) (95% CI, lower, upper)

Total (singleton and multiple live birth)
15-49
Crude 3 1980 1987 1.35*% (0.95, 1.65)
1987 2000  3.37* (3.24, 3.52)
2000 2006 1.81* (1.35, 2.25)
2006 2020  -0.24* (-0.35, -0.14) 1.51% (1.47, 1.54)
ASR 3 1980 1987 0.16 (-0.42, 0.58)
1987 2000  3.11* (2.99, 3.30)
2000 2005 1.97* (1.33, 2.32)
2005 2020  -0.46* (-0.54, -0.39) 1.10* (1.06, 1.15)
Singleton live birth
15-49
Crude 3 1980 1987 1.28* (0.81, 1.62)
1987 2001 2.99% (2.86, 3.16)
2001 2010 1.12* (0.86, 1.40)
2010 2020  -0.50* (-0.73, -0.31) 1.39* (1.34, 1.43)
ASR 3 1980 1988 0.37 (-0.10, 0.74)
1988 2002  2.66* (2.52, 2.82)
2002 2009  0.83* (0.50, 1.20)
2009 2020  -0.56* (-0.72, —0.43) 0.99* (0.94, 1.04)

APC: annual percent change
ASR: age-standardized rate
CI: confidence interval
*statistical significance

for the trends. The crude rate of infants with LBW increased slowly from 5.18 in 1980, rose
sharply from the late 1980s, peaked at 9.62 in 2007, and declined slowly to 9.22 in 2020 for
all births. The APCs were as follows: +1.35% (95% confidence interval [CI], 0.95, 1.65) from
1980 to 1987, +3.37% (95% CI, 3.24, 3.52) from 1987 to 2000, +1.81% (95% CI, 1.35, 2.25)
from 2000 to 2006, and —0.24% (95% CI, —-0.35, —0.14) from 2006 to 2020, with an average
APC of +1.51 (95% CI, 1.47, 1.54). The trends in the crude and age-standardized rates were
similar. Crude and age-standardized rate trends in singleton births were similar to those of all
births; however, the corresponding APCs for the four segments and the average APCs were lower
for singleton births than for all births.

The crude and modeled prevalence rates per 100 births of neonates with LBW from 1980 to
2020 according to maternal age group are presented in Figures 2A and B, respectively. Table 2
shows the APCs obtained by the joinpoint analysis. The crude rates in 1980 were 8.67, 5.70,
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4.77, 5.00, 7.71, 11.13, 17.05 for the 15-19, 20-24, 25-29, 30-34, 35-39, 40-44, and 45-49
age groups, respectively. Women in the 15-19 years old group showed the highest crude rate,
followed by those in their 40’s. The crude rate remained high in the 40s group, whereas it
increased in women in the 10s, 20s, and 30s age groups. The APC showed a rapid increase for
each age group of > 20 years. The periods were 1985-1999 (APC = 2.49), 1985-2000 (APC =
3.41), 1987-1995 (APC = 4.23), 1995-2002 (APC = 3.21), 1988-2004 (APC = 2.94), 1993-2004
(APC = 2.24), and 20012004 (APC = 14.78) for the 20-24, 25-29, 30-34, 35-39, 40-44, and
45-49 age groups, respectively. The onset of this rapid increase occurred with age. The crude
rate decreased from the mid-2000s after this rapid increase, which was particularly pronounced
for women aged > 40 years. Interestingly, the crude rate for the 15-19 age group increased
steadily, with no change point (APC = 0.60).
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Fig. 2 Crude and modeled prevalence rates per 100 births with low birthweight
from 1980 to 2020 by maternal age group among overall births
Fig. 2A: Crude prevalence rates per 100 births with low birthweight from 1980 to 2020 by maternal age group
among overall births
Fig. 2B: Modeled prevalence rates per 100 births with low birthweight from 1980 to 2020 by maternal age
group among overall births
LBW: low birthweight

Table 2 Trends analysis of crude low birthweight prevalence rate per 100 births
by age group according to total and singleton births, 1980-2020

Segment

Ace Number of Start  End APC Average APC
& joinpoints (95% CI, lower, upper) (95% CI, lower, upper)

Total (singleton and multiple live birth)
15-19 0 1980 2020  0.60* (0.50, 0.70) 0.60* (0.50, 0.70)
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1980
1985
1999
2011
1980
1985
2000
2006
1980
1987
1995
2002
2005
1980
1988
2004
1980
1993
2004
1980
2001
2004

1980
1980
1985
1999
2013
1980
1986
2000
2009
1980
1987
2000
2005
2010
1980
1984
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1985
1999
2011
2020
1985
2000
2006
2020
1987
1995
2002
2005
2020
1988
2004
2020
1993
2004
2020
2001
2004
2020

2020
1985
1999
2013
2020
1986
2000
2009
2020
1987
2000
2005
2010
2020
1984
1992

0.81 (-0.23, 1.42)
2.49% (2.33, 2.73)
0.62* (0.38, 1.02)
~0.38 (~1.23, 0.00)
1.10% (0.41, 1.61)
3.41% (3.30, 3.55)
1.24% (0.68, 1.84)
~0.31* (-0.48, —0.18)
0.46* (0.13, 0.76)
4.23% (3.75, 4.71)
3.21% (2.85, 4.04)
2.07 (-0.51, 2.89)
~0.43* (=0.53, —0.34)
~0.91* (~1.97, —0.13)
2.94% (2.70, 3.20)
~0.62* (-0.77, —0.47)
-0.73* (~1.38, -0.23)
2.24% (1.73, 3.15)
~1.00% (~1.18, —0.81)
-0.56 (-2.39, 0.39)
14.78% (3.35, 19.8)
~1.54% (-2.52, —0.81)

0.56* (0.47, 0.66)
0.89 (-0.34, 1.54)
2.42% (2.25, 2.73)
0.57* (0.36, 0.90)
~0.69% (-2.17, —0.09)
1.33* (0.67, 1.80)
3.31% (3.16, 3.51)
0.96* (0.63, 1.35)
~0.55% (-0.86, —0.32)
0.42% (0.01, 0.82)
3.38* (3.13, 3.62)
2.13% (1.49, 3.32)
0.43 (-0.17, 1.55)
-0.52* (-0.87, —0.36)
~2.67* (-5.53, -0.99)
0.79 (-0.17, 2.02)

64

1.07* (0.98, 1.13)

1.48% (1.43, 1.52)

1.47% (1.43, 1.50)

0.73*% (0.64, 0.84)

—-0.03 (-0.12, 0.08)

0.12 (-0.26, 0.51)

0.56* (0.47, 0.66)

1.03*% (0.93, 1.11)

1.41% (1.35, 1.46)

1.35% (1.31, 1.39)
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1992 2005  2.26* (0.30, 3.48)

2005 2011  0.10 (-0.40, 2.26)

2011 2020 -0.72*% (-1.53, -0.43) 0.47* (0.37, 0.58)
40-44 2 1980 1990  —1.38% (-2.55, —0.68)

1990 2007  0.99*% (0.75, 1.41)

2007 2020 -1.17*% (-1.41, -0.94) -0.31* (-0.41, -0.19)
45-49 2 1980 2001 —0.89 (—4.64, 0.04)

2001 2008  2.76* (0.004, 9.79)

2008 2020 —-1.62* (-3.66, —0.53) —0.48% (-0.85, -0.11)

APC: annual percent change
CI: confidence interval
*statistical significance

The crude and modeled prevalence rates per 100 births of neonates with LBW from 1980
to 2020 according to maternal age among singleton births are presented in Figures 3A and B,
respectively. Table 2 shows the APCs obtained by the joinpoint analysis. The change in each age
group for singleton births was similar to that of all births; however, the fluctuations were smaller.
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Fig. 3 Crude and modeled prevalence rates per 100 births with low birthweight
from 1980 to 2020 by maternal age group among singleton births
Fig. 3A: Crude prevalence rates per 100 births with low birthweight from 1980 to 2020 by maternal age group
among singleton births
Fig. 3B: Modeled prevalence rates per 100 births with low birthweight from 1980 to 2020 by maternal age
group among singleton births
LBW: low birthweight
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Fig. 4 Crude and modeled prevalence rates per 100 births of neonates with LBW
from 1980 to 2020 among only full-term births

LBW: low birthweight

Table 3 Trends analysis of crude prevalence rate of low birthweight per 100 births
according to total and singleton births among full-term births, 1980-2020

APC

(95% ClI, lower, upper)

Average APC
(95% Cl, lower, upper)

Segment
Age }\(I)lilr?gl())fi:;ts()f Start  End
Total (singleton and multiple live birth)
15-49
Crude 3 1980 1986
1986 2000
2000 2006
2006 2020
Singleton live birth
15-49
Crude 3 1980 1986
1986 2000
2000 2009
2009 2020

0.81%* (0.04, 1.36)
3.67*% (3.51, 3.89)
1.56* (0.94, 2.20)
-0.23* (-0.40, -0.09)

0.96% (0.14, 1.56)
3.73% (3.55, 3.96)
1.28* (0.95, 1.65)
—0.59*% (-0.84, —0.38)

1.55% (1.49, 1.60)

1.56* (1.50, 1.62)

APC: annual percent change
ASR: age-standardized rate
CI: confidence interval
*statistical significance
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The crude and modeled prevalence rates per 100 births of neonates with LBW from 1980 to
2020 among only full-term births are shown in Figure 4. Table 3 presents the APCs obtained
by the joinpoint analysis. The trends for all full-term births and full-term singleton births were
similar to the results in Figure 1 obtained for all weeks of delivery. There was a sharp increase
starting in 1986, with negative values starting in 2006 for total births and in 2009 for singleton
births.

DISCUSSION

To the best of our knowledge, this is the first study to quantitatively analyze long-term data
from 1980 to 2020 using joinpoint regression analysis to clarify the descriptive epidemiological
characteristics of neonates with LBW according to maternal age in Japan. Three previous studies
examined LBW prevalence using Vital Statistics. Morisaki et al'® conducted an ecological study
that examined the association between LBW and adult height using data from 1969 to 2014;
however, they did not analyze trends in LBW. Takemoto et al' investigated the descriptive
epidemiological characteristics of neonates with LBW using singleton birth data from 1979 to
2010 but did not use a descriptive epidemiology-specific statistical model. Mine et al*® analyzed
singleton and full-term birth data from 2000 to 2019 using joinpoint regression analysis; however,
they did not examine the data according to maternal age.

The factors associated with LBW include maternal age,” maternal pre-pregnancy under-
weight,?>? poor weight gain during pregnancy,”* smoking,” and pregnancy complications
such as hypertensive disorders of pregnancy.”” In addition, Erasun et al®® conducted ecological
research that analyzed the OECD database from 2000 to 2015 with a random effects model.
The findings show that investment in health care, health care coverage, public health care system
coverage, the number of hospitals per million population, and the ratio of health care workers
were associated with a lower rate of LBW. In Japan, prefectural data from Vital Statistics and
the Survey of Medical Institutions in 2020 showed that the percentage of low birthweight infants
was negatively associated with the number of hospitals per 100,000 population (Spearman’s cor-
relation coefficient = —0.027) and the number of health care workers per 100 beds (Spearman’s
correlation coefficient = —0.042), although these associations were not statistically significant.?*
Therefore, it is necessary to consider maternal and socio-environmental factors to speculate on
the characteristics of the trends in LBW prevalence and the affecting factors.

The rapid increase in LBW prevalence in Japan from 1987 to 2000 (total, APC = 3.37;
singleton, APC = 2.29) is mainly due to the development of perinatal and neonatal care, including
the spread of neonatal intensive care units and the establishment of perinatal medical centers.’!
The improvement in the prognosis of infants with LBW infants seems to have influenced the
decision on the timing of delivery in clinical obstetric practice. In contrast, the slowdown in the
increase since 2000 (APC = 1.81) may represent a transition from a period of development to
maturity in related medical care. Another factor contributing to the increase in LBW prevalence
is the development of assisted reproductive technologies (ARTs). Advancements in treatment have
expanded the population eligible for treatment, resulting in a sharp increase in LBW prevalence
in the 20s since 1985 (APC = 2.49 and 3.34 in the 20-24 and 25-29 age groups, respectively),
in the 30-34 age group since 1987 (APC = 4.23), in the 35-39 age group since 1998 (APC
= 2.94), 40-44 age group since 1993 (APC = 2.24), and 45-49 age group since 2001 (APC =
14.78), appearing in the older age groups with increasing year. Infection, uterine myoma, and
endometriosis are the most common causes of infertility and can lead to fetal growth retarda-
tion and preterm delivery.**?** Mothers who conceived through ART are also more likely to

21
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have gestational hypertension®+¢ and placenta previa,*® which are known to cause LBW, than
women who conceived naturally.*®# In addition, the increase in multiple pregnancies because of
excessive ovarian stimulation and numerous embryo transfers also increased LBW prevalence.
As a countermeasure, in 1996, the Japanese Society of Obstetrics and Gynecology recommended
that the number of transferred embryos be limited to three.*' In 2007, the Japanese Society for
Reproductive Medicine issued a guideline stating, “In the first treatment cycle for patients < 35
years, the number of embryos transferred should be one in principle, and in treatment cycles
for patients < 40 years, the number of embryos transferred should be < 2 in principle.”** Today,
selective single embryo transfer is the standard practice.* These changes in treatment policy
may have led to a decrease in LBW prevalence from 2000 to mid-2000. The decrease in LBW
prevalence was particularly pronounced in the 35 and older age group. Other changes related
to embryo transfer include the change from fresh embryo transfer to frozen embryo transfer**+
and that from cleavage-stage embryo transfer to blastocyst transfer due to the development of
ART.* Frozen embryo and blastocyst transfers have been reported to reduce the risk of low
birth weight.>!-3

Notably, the analysis examining only full-term births showed similar trends to those for all
births. This finding indicates that the rise in LBW is not solely attributable to an increase in
preterm births, which are often associated with high-risk pregnancies such as those involving ad-
vanced maternal age or ART conception. Therefore, factors affecting fetal growth during full-term
pregnancies—such as maternal nutrition, body mass index (BMI), and other socio-environmental
factors—must be carefully considered. According to the joinpoint analysis of the 1980s, in the
35-year-old age group, APCs were initially negative but turned positive in the mid-1980s due
to the development of ART. In contrast, APCs have been positive since 1980 in the group < 35
years of age. In particular, APCs in teens who are unaffected by ART have continually increased
without showing a transition point. The suspected causes of these problems include reduced
nutritional intake during pregnancy and increased slenderness in women. This trend continues
throughout pregnancy. Therefore, in 2006, the MHLW recommended that pregnant women with
a pre-pregnancy BMI of < 18.5 gain 9-12 kg and those with a BMI of 18.5-25 gain 7-12 kg
as the appropriate weight gain during pregnancy.” Furthermore, in 2021, the MHLW?> revised
the recommendation to 12—-15 kg for pregnant women with a pre-pregnancy BMI of < 18.5 and
10-13 kg for pregnant women with a BMI of 18.5-25.

Measures must be taken before conception to resolve the discussed issues. In 2013, precon-
ception care was defined by the WHO (2013) as “the provision of biomedical, behavioral, and
social health interventions to women and couples before conception occurs.”® Preconception
care is important for the health of all women, including the prevention of unintended teenage
pregnancies. It is the top public health priority for addressing maternal and child health issues
including measures for LBW infants in Japan. In Japan, a system for preconception care is
being developed to support safe, secure, and healthy pregnancy and delivery and postpartum
healthcare, as well as to provide information on healthcare for future pregnancies. This system
is based on The Basic Law for Child and Maternal Health and Child Development promulgated
in 2018. Midwives, public health nurses, and other nurses play crucial roles in all these areas.

The strengths of this study include the use of statistical models to quantify trends in LBW
prevalence and joinpoint analysis, which determined the timing and extent of changes in LBW
prevalence. However, this study also has several limitations in interpreting the results. As this
study used annual aggregate data published by the government, individual-level risk factors—such
as pre-pregnancy BMI, weight changes during pregnancy, smoking history, and socioeconomic
background—could not be assessed. Therefore, our discussion relies on prior studies and ecologi-
cal interpretations, given the multifactorial nature of LBW. Moreover, since this is a descriptive
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epidemiological study, we cannot directly establish causal relationships between LBW prevalence
and socio-environmental factors. The opposing influences of medical advances and maternal risk
factors on LBW prevalence cannot be separated. These limitations should be carefully considered
when interpreting our findings.

CONCLUSIONS

This study quantitatively clarified the trends in LBW prevalence in Japan from 1980 to 2020
using a joinpoint regression analysis. The prevalence of LBW showed an inverted J-shaped
curve with a peak in 2007. Trends by maternal age differed markedly, probably reflecting the
influence of changes in various social and environmental factors, including the development of
perinatal and neonatal care and ART, changes in the associated system, advanced maternal age,
a decline in nutritional intake, and thinness of women in their reproductive years. Addressing
LBW requires comprehensive care, including appropriate maternal care, nutritional support, and
social and environmental interventions during pregnancy. In addition, enhanced preconception
care is recommended as a key strategy in Japan.
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