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Sustained decline in birth weight
and increased rate of preterm
infants born small for gestational
age in Japan
Akinori Moriichi*, Erika Kuwahara and Narumi Kato

Division of Information for Specific Pediatric Chronic Diseases, Research Institute, National Center for
Child Health and Development, Tokyo, Japan
Background: Birth weights have continued to decline in Japan in recent years.
However, secular trend changes such as the birth weight relative to the week
of gestation remain to be explored. This study aimed to determine the trends
over time in mean birth weight and small for gestational age (SGA) rate for
each gestational week.
Methods: We used a large dataset of 27,015,792 births obtained from birth
certificates between 1997 and 2021. Births from 22 to 41 weeks of gestation
were evaluated in six groups (22–24, 25–27, 28–31, 32–33, 34–36, and 37–41
weeks of gestational age). For each group, secular trend changes in the
z-scores calculated from standard birth weight values were assessed. Time
trends in the proportion of SGA and mean birth weight z-scores were
evaluated using the Cochran–Armitage trend test and linear regression
analysis. Binomial logistic regression was performed to ascertain the effects of
gestational age, sex, primiparity, number of births, and maternal age on the
likelihood of SGA.
Results: The mean birth weight of preterm infants continued to decrease, and
the z-score for mean birth weight decreased linearly, falling to −0.7 at 25–27
weeks of gestation from 1997–2001 (first period) to 2017–2021 (final period).
Maternal age continued to increase from the first period to the last period for
all weeks of gestation. There was a linear increase in the SGA rate in preterm
infants born at <34 weeks. Odds ratios for the likelihood of SGA were
1.3 times higher for maternal age ≥40 years than that for 25–29 years (95%
CI: 1.29–1.33, p < 0.001).
Conclusions: In Japan, there has been a continuous decline in birth weight and
an increase in the rate of preterm SGA infants.
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1 Introduction

Small-for-gestational-age (SGA) infants have a higher mortality risk than that of

infants born at appropriate gestational age due to heart, respiratory, and digestive

diseases, as well as accidents, suicide, and homicide in all age groups through adulthood

(1). Moreover, SGA infants have higher rates of bronchopulmonary dysplasia, cerebral

palsy, developmental delay, and visual impairment compared to infants born at
Abbreviations

LBW, low birth weight; SD, standard deviation; SGA, small for gestational age.
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appropriate gestational age (2, 3), making an increased SGA rate a

significant public health issue.

While increased birth weight has been reported in England and

Wales (4), the converse has been observed in France, Germany, and

the United States since the 2000s (5–7). Notably, in Japan, the

average birth weight has declined, partly due to a shift in

the peak birth period from 38 to 37 weeks (8). Although the

proportion of preterm infants has not changed significantly in

recent years (8, 9), the birth weight of preterm infants may have

decreased over time (10). Nevertheless, there have been few

investigations on the changes in the rate of preterm births and

trends in average birth weight by week of gestation.

The maternal age at birth has increased in many high-income

countries. The mean maternal age at birth exceeded 30 years in

Spain and Italy in the late 1990s; Denmark, Sweden, and

Switzerland in the early 2000s; and Finland, Germany, South

Korea, Taiwan, and Japan in the late 2000s and has continued to

increase in several other countries (11). Advanced maternal age

leads to increased rates of preterm birth, low birth weight

(LBW), and SGA (12–19). At advanced maternal age, the quality

of oocytes is likely to have declined (20), and placental function

may be impaired (21), which may be associated with preterm

delivery, fetal growth restriction, and the rate of SGA.

This study aimed to clarify the secular trends in birth weight

and SGA rates by weeks of gestation between 1997 and 2021 in

Japan and to assess the impact of advanced maternal age.
2 Materials and methods

2.1 Data source

This study was based on Japanese birth certificates, which

contain data on all women who gave birth in Japan. Birth

certificate data from January 1, 1997, to December 31, 2021, were

obtained from the Ministry of Health, Labour and Welfare. Birth

certificates provide exhaustive national data collected from all

births in Japan under the Family Register Act. Data were

anonymous and included the infant’s sex, year and place of birth,

birth weight and length, singleton or multiple births, weeks of

gestation at birth, maternal parity, and nationality. The method

of delivery was not included. For comparison with standard

somatic measures, the population analyzed in this study was

restricted to infants of Japanese nationality. The study protocol

was approved by the Ethics Committee of the National Center

for Child Health and Development, Tokyo, Japan (No. 2023–230).
2.2 Estimation of weeks of gestation

All obstetric facilities in Japan have had ultrasound systems

since the 1980s (22). Nearly all pregnancies were diagnosed and

managed using ultrasonography throughout the study period.

The results of the last menstrual period and ultrasound

measurements were used to determine the number of

pregnancy weeks.
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2.3 Data analyses

Data were divided into five periods (1997–2001, 2002–2006,

2007–2011, 2012–2016, and 2017–2021). We excluded cases with

unknown birth year, gestational week, birth weight, and maternal

age from the database of birth certificates. Z-scores of birth

weights for cases between 22 and 41 weeks of gestation were

calculated. The primary outcome was the z-score of the mean

birth weight, calculated using Japanese sex-specific standard birth

weights by gestational age. The percentage of SGA was defined as

less than −2 SD of birth weight and was computed using growth

curves derived from standard birth weight (23). The z-score of

the mean birth weight was evaluated for six gestational week

groups: group 1, 22–24 gestational weeks; group 2, 25–27

gestational weeks; group 3, 28–31 gestational weeks; group 4,

32–33 gestational weeks; group 5, 34–36 gestational weeks; and

group 6, 37–41 gestational weeks. In addition, the relationship

between maternal and perinatal factors and the z-score of the

mean birth weight was analyzed. Cases with z-scores ≤−5 SD or

≥+5 SD were excluded due to the possibility of incorrectly

recording outliers. Obstetric practice guidelines in Japan

recommend avoiding births past term at 42 weeks or more of

gestation. Consequently, no normative birth weight value is

available at 42 weeks or more. Therefore, past-term births were

excluded from the study.
2.4 Statistical analysis

Data are presented as mean (standard deviation) or number of

cases (percentage). Cochran–Armitage or linear regression was

used to analyze trends across the five time periods for maternal

age, percentage of primipara, multiple births, preterm births, and

SGA infants. Binomial logistic regression analysis was performed

to estimate the relative contribution of maternal and perinatal

factors to the likelihood of an SGA child: gestational week,

gender, maternal age, number of deliveries, multiple births, and

maternal age as independent variables. We also included them as

independent variables in multivariate models. Adjusted odds

ratios and 95% confidence intervals (CIs) were used to evaluate

the association between SGA and clinical features. All tests were

two-tailed, and P < 0.05 was used to define statistical significance.

Statistical analyses were performed using the SPSS software

version 27.1 (IBM Corp., Armonk, NY, USA).
3 Results

A total of 27,015,792 births were registered on birth certificates

from January 1, 1997, to December 31, 2011. Of the 27,015,792

cases, 840,759 were excluded as 349,219 were non-Japanese,

346,358 had an undetermined gestational week, 131,954 were

born at gestational weeks <22 weeks or >41 weeks, the birth

weight of 5,977 was unknown, 70 had no maternal age data, and

7,181 had a birth weight z-score <−5SD or >+5SD. Therefore,

26,175,033 cases were included in this study.
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TABLE 1 Comparison of perinatal variables between the first period (1997–2001) and final period (2017–2021).

Variables Gestational age 1997–2001
(n= 5,870,337)

2017–2021
(n = 4,381,617)

P-value

Maternal age All births years, mean (SD) 22–24 weeks 29.6 (5.2) 32.3 (5.5) <0.001

25–27 weeks 29.6 (5.2) 32.5 (5.5) <0.001

28–31 weeks 29.7 (5.1) 32.6 (5.4) <0.001

32–33 weeks 29.6 (5.0) 32.5 (5.4) <0.001

34–36 weeks 29.5 (4.8) 32.2 (5.3) <0.001

37–41 weeks 28.9 (4.5) 31.5 (5.1) <0.001

Primipara All births n, % 22–24 weeks 1,370 40.0% 1,817 46.6% <0.001

25–27 weeks 3,591 40.2% 3,252 46.3% <0.001

28–31 weeks 10,390 41.6% 8,336 42.9% <0.001

32–33 weeks 12,754 42.7% 10,053 41.8% 0.419

34–36 weeks 104,842 44.0% 80,779 42.2% <0.001

37–41 weeks 2,706,420 48.6% 1,921,571 46.5% <0.001

Multiple births All births n, % 22–24 weeks 629 18.4% 593 15.2% <0.001

25–27 weeks 1,877 21.0% 1,207 17.2% <0.001

28–31 weeks 5,687 22.7% 4,379 22.5% 0.936

32–33 weeks 6,913 23.2% 5,725 23.8% 0.001

34–36 weeks 40,492 17.0% 33,816 17.6% <0.001

37–41 weeks 57,273 1.0% 44,077 1.1% <0.001

Birth weight Boys g, mean (SD) 22–24 weeks 633 (116) 591 (111) <0.001

25–27 weeks 903 (186) 860 (195) <0.001

28–31 weeks 1,413 (365) 1,351 (312) <0.001

32–33 weeks 1,883 (357) 1,838 (326) <0.001

34–36 weeks 2,480 (395) 2,445 (372) <0.001

37–41 weeks 3,127 (380) 3,101 (370) <0.001

Girls g, mean (SD) 22–24 weeks 593 (109) 548 (111) <0.001

25–27 weeks 841 (175) 798 (183) <0.001

28–31 weeks 1,349 (390) 1,275 (302) <0.001

32–33 weeks 1,789 (367) 1,737 (325) <0.001

34–36 weeks 2,384 (399) 2,348 (375) <0.001

37–41 weeks 3,036 (371) 3,005 (361) <0.001

SGA Boys n, % 22–24 weeks 62 3.3% 175 8.5% <0.001

25–27 weeks 4,257 3.3% 3,118 8.5% <0.001

28–31 weeks 12,030 12.1% 9,181 14.7% <0.001

32–33 weeks 15,472 8.8% 12,232 9.4% <0.001

34–36 weeks 129,391 4.6% 104,053 4.4% <0.001

37–41 weeks 2,790,366 1.9% 2,076,527 1.4% <0.001

Girls n, % 22–24 weeks 58 3.7% 164 8.9% <0.001

25–27 weeks 435 10.3% 611 18.4% <0.001

28–31 weeks 1,508 13.3% 1,287 14.9% <0.001

32–33 weeks 1,319 10.3% 1,173 11.1% <0.001

34–36 weeks 5,542 5.4% 4,260 5.1% <0.001

37–41 weeks 49,927 1.8% 28,399 1.4% <0.001

SGA, small for gestational age, defined as birth weight <−2 SD. Continuous data were assessed using the t-test. The maternal age was higher in the final period (2015–2021) than in the first

period (1995–1999) for all weeks of gestation (P < 0.001). Birth weights for both sexes were lower in the final period than in the first period for all weeks of gestation. Categorical data were

assessed using the chi-square test. The percentage of primipara and multiple births increased linearly in preterm births less than 32 weeks of gestation. A linear increase in the rate of SGA was
observed in preterm infants (<37 weeks) for both sexes.

Moriichi et al. 10.3389/fped.2024.1480527
Table 1 shows the characteristics of births in the first (1997–

2001) and last (2017–2021) periods examined. The average

number of live births per year gradually decreased throughout

the study period from 1,174,067 in the first period to 876,323 in

the last period. The maternal age was persistently elevated at all

weeks of gestation, according to the more recent data. The

percentage of full-term births at 37 weeks or more of gestation

decreased slightly from 94.8% in 1997 to 94.4% in 2021, with a

slight increase in preterm births. The most significant percentage

increase was observed in late preterm births at 34–36 weeks,

from 4.1% in 1997 to 4.4% in 2021, with only a slight increase in
Frontiers in Pediatrics 03
the other gestational weeks. The number of primiparae below 32

gestational weeks gradually increased over the years (P < 0.001),

with a decrease after 32 weeks of gestation (P < 0.001). There was

a slight decrease (P < 0.001) in the proportion of multiple births

at all weeks of gestation over time. A linear decrease in the mean

birth weight was observed at all weeks of gestation in both sexes.

Preterm births at <37 gestational weeks have shown a continued

decline in mean birth weight z-scores over the past 25 years.

From the first period (1997–2001) to the final period (2017–

2021), the mean birth weight z-scores decreased by −0.31 at

22–24 weeks, −0.70 at 25–27 weeks, −0.65 at 28–31 weeks, −0.46
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FIGURE 1

Secular trend in z-score of mean birth weight by weeks of gestation for boys (A) and girls (B) the trends in mean z-score of birth weight from the first
period (1997–2001) to the last period (2017–2021) with 95% confidence intervals by sex.
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at 32–33 weeks, and −0.11 at 34–36 weeks’ gestation. At 34–36 weeks
of gestation, the z-score decreased until 2007 and then plateaued. For

full-term births (37–41 weeks), the mean birth weight z-score

decreased until 2007, with subsequent recovery later (Figure 1).

There was a marked increase in the SGA rate over time in both

sexes at less than 32 weeks of gestation. In contrast, the SGA rate in

late preterm (34–36 weeks) and full-term births decreased since

2007. Throughout all birth years, the SGA rate tended to be

higher in girls than in boys among preterm infants born at ≥25
weeks’ gestation (Figure 2).

Maternal age increased secularly in all gestational age groups,

with preterm infants having a higher maternal age than full-term
Frontiers in Pediatrics 04
infants. The percentage of maternal ages 35–39 increased 2.3-fold

from the first to the last period, while the percentage of maternal

ages ≥40 increased 4.9-fold (Figure 3).

Binomial logistic regression was performed to ascertain the

effects of gestational age, sex, primiparity, multiple births, and

maternal age on the likelihood of SGA. The five predictive

variables were statistically significant (Table 2). Preterm births

and first births were more likely to be SGA. Multiple births had

4.3 times higher odds of being SGA (95% CI: 4.25–4.34, P <

0.001). Increased maternal age was associated with an increased

likelihood of SGA. The odds ratio for SGA was 1.3 times higher

for maternal age ≥40 years than for age 25–29 years,
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FIGURE 2

Secular trend in the SGA rate for boys (A) and girls (B) the trends in the percentage of SGA from the first period (1997–2001) to the last period (2017–
2021) by sex.

Moriichi et al. 10.3389/fped.2024.1480527
demonstrating an increase with advancing maternal age (95% CI:

1.29–1.33, P < 0.001).
4 Discussion

This study investigated secular trends in birth weight by week

of gestation and explored factors affecting birth weight using birth

certificate data from the past 25 years in Japan. The results showed

that the mean birth weight of preterm infants has declined, and the
Frontiers in Pediatrics 05
z-score for mean birth weight decreased linearly from 1997 to 2001

(first period) to 2017–2021 (last period), whereas that of full-term

infants gradually recovered from around 2010 onwards. Moreover,

there was a linear increase in the SGA rate in preterm infants born

at <34 weeks. A mild increase in the preterm birth rate was

observed. Odds ratios for the likelihood of SGA were 1.3 times

higher for maternal age ≥40 years than that for 25–29 years. Our

data suggests that advanced maternal age and increased

primiparous birth rates in preterm infants may be associated

with increased SGA rates.
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FIGURE 3

Secular trend in the proportion of maternal age. The proportion of mothers <30 years decreased linearly throughout the entire period, while the
proportion of mothers ≥30 years increased linearly.

TABLE 2 Logistic regression predicting the likelihood of SGA.

Variables Univariate Multivariate

Odds ratio (95% CI) P-value Odds ratio (95% CI) P-value
Gestational week 0.83 (0.83–0.83) <0.001 0.87 (0.87–0.87) <0.001

Male 0.99 (0.98–0.99) <0.001 1.00 (0.99–1.00) 0.079

Primipara 1.02 (1.02–1.03) <0.001 1.12 (1.11–1.13) <0.001

Multiple births 6.72 (6.66–6.78) <0.001 4.30 (4.25–4.34) <0.001

Maternal age, years <20 0.96 (0.94–0.99) 0.005 0.95 (0.92–0.97) <0.001

20–24 1.00 (0.99–1.01) 0.452 1.01 (1.00–1.02) 0.006

25–29 1 [Reference] 1 [Reference]

30–34 1.05 (1.04–1.06) <0.001 1.03 (1.02–1.03) <0.001

35–39 1.19 (1.18–1.19) <0.001 1.12 (1.11–1.13) <0.001

≥40 1.43 (1.41–1.45) <0.001 1.31 (1.29–1.33) <0.001

SGA, small for gestational age, defined as birth weight <−2 SD. The odds ratio was adjusted for perinatal confounders (gestational age, sex, primipara, multiple births, maternal age, and birth

year period). The odds ratios for the likelihood of SGA were higher for primipara and multiple births. Compared to the group of maternal age of 25–29 years, the group over 40 years old had a

higher odds ratio for the likelihood of SGA.

Moriichi et al. 10.3389/fped.2024.1480527
To our knowledge, no study has reported on a longitudinal

decrease in birth weight in preterm infants. For a comparative

analysis, we subdivided all Japanese births into gestational age

categories—22–24, 25–27, 28–31, 32–33, 34–36, and 37–41

weeks. The causes of SGA, LBW, and preterm birth include

maternal, fetal, and environmental factors, such as living

environment, malnutrition, healthcare systems, and education

(24). However, it is unlikely that environmental factors in Japan

changed markedly during the study period, implying that

maternal and fetal factors are likely to be more influential. These

factors include primiparity, multiple births, and young or

advanced maternal age (25–28). Our study did not demonstrate a
Frontiers in Pediatrics 06
notable increase in the rate of primiparas or multiple births

during the study period. The percentage of mothers aged <20

years reduced by 50% between 1995 and 2021. Maternal age

increased linearly throughout the study period for all gestational

weeks. A large United States of America population study

indicated that women aged ≥40 had significantly higher SGA

rates than those aged 20–29 (16). Likewise, a Swedish study

using birth registration data showed that maternal age ≥35 years

had a higher risk of increased rates of SGA compared to

maternal age of 20–29 years (17). Previous studies have indicated

that primiparous women have higher SGA (16, 18, 26, 27). In

the present study, the odds ratio for SGA was higher for
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maternal age ≥40 years than for age 25–29 years, and primipara

was also associated with a higher odds ratio for SGA.

Furthermore, a dose-dependent relationship was found between

advanced maternal age and the odds ratio for SGA infants. A

large population-based study using data from Denmark, Sweden,

Norway, and Finland found an increased risk of LBW and

preterm birth with increasing maternal age in all four countries

(12). These data are supported by a systematic review showing

that maternal age ≥35 years is associated with a higher risk of

increased rates of LBW and preterm birth (14).

We revealed conflicting findings; the birth weight of preterm

infants continued to decline, whereas the number of full-term

infants recovered in recent years. The guidelines of the Japan

Society of Obstetrics and Gynecology in the 1980s and 1990s

identified the prevention of preeclampsia as a top priority, and

rigorous weight gain control was implemented in pregnant women

(29). Due to the suspicion that the year-to-year decline in birth

weight may be related to maternal weight gain restrictions, the

Ministry of Health and Welfare revised the guidelines in 2006 to

relax weight control (29). The mean birth weight increased slightly

from 2010 onwards at 37–41 weeks of gestation, which may have

been influenced by the revised guidelines. However, the reason for

the continued decline in the mean birth weight of preterm infants,

especially for those born at less than 34 weeks, remains unclear.

This study has some limitations. The data on birth certificates

did not include the mode of delivery, smoking, parental height,

socioeconomic status, and educational attainment of the parents.

Furthermore, information on maternal body mass index and

weight gain during pregnancy, which are essential determinants

of SGA, was unavailable. In addition, birth certificates do not

contain medical information, including complications or

malformations in neonates and maternal illness or complications.

Therefore, we could not differentiate cases based on the medical

status of the infants. Nevertheless, the selection bias in this study

was expected to be sufficiently small due to the extensive data

analysis using birth certificates for all births in Japan.

In conclusion, in Japan, the birth weight of preterm infants

continues to decrease while the rate of SGA infants is increasing.

Obstetricians and neonatologists should be aware of this fact, and

further research on the risk factors for SGA infants is warranted.
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