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Abstract

Late preterm (LP, born between 34 0/7 and 36 6/7 weeks of gestation) infants may experience
several adverse outcomes, similar to those experienced by low birthweight (LBW, birthweight
<2500 g) infants. However, while LP infants are often born with LBW, the association between
LP and LBW remains unknown. This study aimed to investigate LBW rate and independent risk
factors for LBW in LP singleton neonates. We retrospectively analyzed data of LP singleton
neonates, born between 2013 and 2017, from the Japan Society of Obstetrics and Gynecology
Successive Pregnancy Birth Registry System. The exclusion criteria included stillbirths and
infants with missing data. Logistic regression analyses were performed to investigate maternal
and perinatal factors associated with LBW in LP singletons. LBW was observed in 62.5%
(n= 35,113) of 56,160 LP singleton births. In the multiple logistic regression analysis, LBW in
LP neonates was independently associated with modifiable maternal factors, including pre-
pregnancy underweight, inadequate gestational weight gain, and smoking during pregnancy, as
well as non-modifiable factors, including younger maternal age, nulliparity, hypertensive
disorder of pregnancy, preeclampsia, cesarean section delivery, and female offspring. According
to the Japanese pregnancy birth registry data, more than half of LP neonates were LBW. We
previously discussed the issue of LBW regarding infants with different backgrounds, as there are
many different causes of LBW. Several risk factors should be subdivided and considered for the
risk of LP and LBW.

Introduction

Late preterm (LP) infants are defined as infants born between 34 0/7 and 36 6/7 weeks of
gestation. Delivery during LP is sometimes deemed necessary by clinicians for several reasons
(e.g., maternal, fetal, or placental/uterine).1 A recent study indicated that LP infants experience
several problems in the perinatal period, as well as ongoing development. For example, these
infants were at a higher risk of respiratory distress syndrome, hypoglycemia, hypothermia,
prolonged jaundice, and feeding problems.2 Furthermore, the risk of neurological impairments
in LP infants was higher than that of term infants, who were delivered after 37 0/7 weeks of
gestation.3 However, because LP infants are delivered early for different reasons, they might not
share the same risks during the perinatal period and in terms of ongoing development.

During risk evaluation, infants are also evaluated by birthweight. Low birthweight (LBW,
birthweight <2500 g) infants experience the same problems as LP infants.4,5 In Japan, LBW
frequency is higher than that in other developed countries. We previously reported that both
modifiable and non-modifiable factors were independently associated with LBW in Japanese
term neonates according to multiple regression analysis. In this regard, modifiable maternal
factors were pre-pregnancy underweight (pre-pregnancy body mass index [BMI]<18.5 kg/m2),
inadequate gestational weight gain (GWG), and smoking during pregnancy, whereas non-
modifiable maternal factors were younger maternal age at delivery, nulliparity, hypertensive
disorder of pregnancy (HDP), cesarean section (CS) delivery, female neonates, and congenital
anomalies.6 While many LP infants are LBW (of 798,224 singletons born with LBW between
2013 and 2017, 82,810 were born preterm [10.4%]),6 data regarding risk factors of LBW in
Japanese LP singleton infants are scarce.

LP infants experience several adverse outcomes similar to those experienced by LBW infants.
However, while LBW is common in LP deliveries, the association between LP and LBW is still
unknown. Therefore, we conducted a retrospective study using a national perinatal database to
examine factors associated with LBW among LP singleton births in Japan. This study aimed to
investigate LBW rates and independent risk factors in LP singleton neonates.
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Methods

Study design and participants

This study retrospectively collected obstetrical data, including
maternal and neonatal data, registered in the Japan Society of
Obstetrics and Gynecology Successive Pregnancy Birth Registry
System. This data was received from approximately 400 secondary
and tertiary hospitals throughout Japan. This database included
information about maternal characteristics, perinatal complica-
tions, and delivery outcomes, which were extracted from the
medical records of each institution using a standardized format to
understand various issues that need to be resolved at the national
level. LP birth was defined as neonates born between 34 0/7 and 36
6/7 weeks of gestation.1 Data cleaning was performed as previously
described.6 In total, 56,160 LP singleton births were registered in
the system between January 1, 2013, and December 31, 2017
(Fig. 1). Thereafter, we used the data of term singleton births from
our previous report.6

Measures

Large for gestational age (LGA, birthweights≥90th percentile) and
small for gestational age (SGA, <10th percentile) were calculated
by Japanese standard sex- and parity-specific birthweight
percentile curves.7 Pre-pregnancy BMI was calculated as the
woman’s self-reported pre-pregnancy body weight divided by the
square of height (kg/m2). The expected GWG at 40 weeks of
gestation (kg/40 weeks) was calculated using the method
previously described,8 and the mothers’ BMIs were categorized
as “inadequate,” “appropriate.” and “excessive.”6,9 Premature
labor, premature rupture of membranes, gestational diabetes
(GDM), overt diabetes mellitus (DM), HDP including gestational
hypertension (GH), chronic hypertension (CH), preeclampsia
(PE), superimposed preeclampsia (SPE), and anemia during
pregnancy were diagnosed and managed by each obstetrician,
based on the clinical recommendations of the Japan Society of
Obstetrics and Gynecology guidelines.10 HDP represents hyper-
tension during pregnancy, which is defined as a systolic blood

pressure ≥140 mmHg and/or a diastolic blood pressure ≥90
mmHg observed on at least two occasions. Furthermore, it is
classified into hypertension without proteinuria (GH and CH) and
with proteinuria (PE and SPE). Lastly, congenital anomalies
included all types of anomalies diagnosed before birth by
obstetricians using ultrasonography and after birth by neo-
natologists. The severity of congenital anomalies was unknown
because it was not registered in this database.

Statistical analysis

Data were presented as mean ± standard deviation or number of
cases (%). Multiple logistic regression analysis was performed to
evaluate the relative contributions of various obstetrical factors to
LBW in singleton neonates born at LP. The following independent
variables were included in the multivariate model based on prior
knowledge,11 clinical relevance, and univariable screening: mater-
nal age at delivery, nulliparity, in vitro fertilization and embryo
transfer (IVF-ET), pre-pregnancy BMI category, GWG category,
smoking during pregnancy, CS delivery, hypertension without
proteinuria (GH and CH), hypertension with proteinuria
(PE and SPE), anemia during pregnancy, and offspring sex.6

Multicollinearity was assessed for each independent variable using
variance inflation factors; all values were <2. Adjusted odds ratios
(aOR) and 95% confidence intervals (CIs) were evaluated to
investigate the association between LBW and this study’s features.
Statistical analyses were performed using the JMP software
(ver. 15, SAS Inst. Inc., Cary, NC, United States).

Results

Comparisons of maternal, perinatal, and neonatal characteristics
in term and LP births are summarized in Table 1. Late preterm
delivery had a higher frequency of poor perinatal outcomes than
term delivery.

LBW was observed in 62.5% (n= 35,113) of the 56,160 LP
singleton births (Fig. 2). The comparison of maternal, perinatal,
and neonatal characteristics in LBW and non-LBW infants with LP

Figure 1. Flow diagram describing the study population and exclusions.
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births are shown in Table 2. The mothers of LBW neonates were
younger, leaner before pregnancy, and had a lower GWG than
those of non-LBWneonates. Furthermore, rates of smoking during
pregnancy, nulliparity, HDP, PE, and female offspring were higher
in the LBW group than in the non-LBW group. Rates of IVF-ET,
GDM, overt DM, and anemia during pregnancy were lower in the
LBW group than in the non-LBW group. Next, gestational age at
delivery, birthweight, and Apgar score (1/5 min) were lower in the
LBW group than in the non-LBW group. However, the

proportions of congenital anomalies, including aneuploidy, did
not differ between two groups, and there was no SGA in the non-
LBW group. Furthermore, comparisons of maternal, perinatal, and
neonatal characteristics for LBW with LP births and non-LBW
infants with term births are summarized in Supplementary Table 1,
and those for non-LBW with LP births and non-LBW infants with
term births are summarized in Supplementary Table 2.

The association between clinical information and LBW in
singleton LP neonates is shown in Table 3. After adjustment for

Table 1. Comparison of maternal, perinatal and neonatal characteristics between term birth and late preterm birth

Term (n = 715 414) Late preterm (n= 56 159) P-value

Maternal age at delivery (years) 32.3 ± 5.4 32.5 ± 5.5 <0.0001

Maternal age at delivery category 0.60

Teenager 8974 (1.3%) 750 (1.3%)

35–39 193,333 (27.0%) 15,967 (28.4%)

Over 40 65,292 (9.1%) 5456 (9.7%)

Maternal pre-pregnancy BMI (kg/m2) 21.3 ± 3.6 21.3 ± 3.8 0.11

Maternal pre-pregnancy BMI category <0.0001

Underweight (BMI<18.5) 121,267 (17.0%) 11,147 (19.8%)

Normal weight (18.5 ≤ BMI<25.0) 508,351 (71.1%) 37,683 (67.1%)

Overweight (25.0≤ BMI<30.0) 61,174 (8.6%) 5162 (9.2%)

Obese (30 ≤ BMI) 24,622 (3.4%) 2167 (3.9%)

Gestational weight gain (kg/40 w) 10.3 ± 4.5 9.6 ± 5.0 <0.0001

Gestational weight gain category <0.0001

Inadequate 410,932 (57.4%) 35,460 (63.1%)

Appropriate 235,166 (32.9%) 15,246 (27.1%)

Excessive 69,316 (9.7%) 5453 (9.7%)

Smoking during pregnancy 28,988 (4.1%) 1465 (2.6%) <0.0001

Nulliparity 432,769 (60.5%) 27,052 (48.2%) <0.0001

Method of conception: IVF-ET 51,289 (7.2%) 4136 (7.4%) 0.085

Gestational weeks at delivery (weeks) 38.9 ± 1.2 35.3 ± 0.8 <0.0001

Mode of delivery <0.0001

Vaginal delivery 526,188 (73.6%) 28,190(50.2%)

Cesarean section 189,226 (26.4%) 27,969 (49.8%)

Offspring sex (female) 334,766 (46.8%) 24,311 (43.3%) <0.0001

Perinatal complications

Gestational diabetes 41,849 (5.8%) 3454 (6.2%) 0.0036

Hypertension without proteinuria 19,014 (2.7%) 8276 (14.7%) <0.0001

Hypertension with proteinuria 12,532 (1.8%) 5457 (9.7%) <0.0001

Anemia during pregnancy 101,136 (14.1%) 5575 (9.9%) <0.0001

Birth weight (g) 3021 ± 386 2368 ± 412 <0.0001

Neonatal growth category <0.0001

Small for gestational age 43,647 (6.1%) 6667 (11.9%)

Large for gestational age 106,696 (14.9%) 7695 (14.2%)

Neonatal congenital anomaly 13,143 (1.8%) 1579 (2.8%) <0.0001

Data are mean (SD) or n (%). BMI, body mass index; IVF-ET, in vitro fertilization-embryo transfer; LBW, low birthweight.
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other risk factors, the OR was 1.10 (95% CI: 1.02–1.19) for those
aged 20–24 years. In contrast, older mothers had a lower LBW risk
after adjustment for other risk factors. Pre-pregnancy underweight
and inadequate GWG also independently contributed to LBW.
LBW risk for pre-pregnancy underweight was 1.42 (95% CI: 1.35–
1.48) compared to normal pre-pregnancy weight. LBW risk for
those with inadequate expected GWG was 1.40 (95% CI: 1.34–
1.45) compared to those with expected appropriate GWG.
Nulliparity (aOR: 1.35, 95% CI: 1.30–1.40), smoking during
pregnancy (aOR: 1.60, 95% CI: 1.43–1.80), CS (aOR: 1.25, 95% CI:
1.21–1.30), and female offspring (aOR: 1.46, 95% CI: 1.41–1.52)
also independently contributed to LBW risk in LP singletons.
Compared to the non-HDP condition, hypertension without
proteinuria (GH and CH) was associated with an increased LBW
risk (aOR: 2.25, 95% CI: 2.06–2.83). Moreover, LBW risk in LP
singletons was even higher for those with hypertension with
proteinuria (PE and SPE) (aOR: 2.51; 95% CI: 2.23–2.83).

Discussion

To the best of our knowledge, this is the first report to evaluate the
risk factors associated with LBW in Japanese LP infants. According
to Japanese pregnancy birth registry data, this study showed that
62.5% of singleton LP births occurred in LBW infants. Multiple
independent risk factors for LBW singleton infants born between
34 0/7 and 36 6/7 weeks of gestation were identified, including age,
parity, conception mode, pre-pregnancy BMI, GWG, and smoking
during pregnancy. Furthermore, perinatal factors included HDP,
PE, anemia during pregnancy, delivery mode, and female
offspring. These risk factors for LBW were largely the same as
those for term singleton infants.6

Sharma et al. reported that maternal, fetal, or placental/uterine
factors were associated with LP birth.1 However, different reasons
for LP birth, including preterm premature rupture of membrane
(PROM), placental previa, vasa previa, HDP, and PE, were not
considered during risk evaluation of LP infants. Since there are
several risks for infants born at LP, delivery selection at LP is
challenging. While either expectant management or immediate
delivery could be chosen for patients with preterm PROM at LP,
according to recent guidelines,12 immediate delivery was recom-
mended because of the infection risk during this study period.13

While scheduled CS at 37–38 weeks of gestation could be selected

because of the low adhesion risk of placenta previa,14 patients with
placenta previa often undergo emergency CS because of abnormal
bleeding at LP.15 Furthermore, according to several guidelines, vasa
previa should be performed with scheduled CS at 34–36 weeks of
gestation.16-18 However, some guidelines recommend that patients
with SPE and severe hypertension diagnosed at or after 34 weeks of
gestation should be considered for delivery.10,19,20 Delivery at LP
may occur for several reasons, and each is associated with different
risks in LP infants. Therefore, we suggest that maternal, fetal, or
placental/uterine factors are considered upon risk evaluation in LP
infants.

Furthermore, 62.5% of singleton LP births in this study were
LBW neonates, and several risk factors for LBW were revealed in
LP infants. Our study also showed that LP and LBW were
connected in many ways (Fig. 2). Additionally, all SGA infants
were classified into the LBW group. SGA has several risks in terms
of ongoing development, including cardiovascular disease, obesity,
and metabolic syndrome.21,22 Therefore, the relationship between
LP and LBW should also be considered during risk analysis for LP.
The risk factors for LBW in LP infants were similar to those in
Japanese term infants.6,23 However, as compared to term infants,
there might be severe conditions for LP infants, such as SPE,
HELLP syndrome, and placental abruption. Since the incidence of
LBW in LP was higher than that in term, obstetricians should not
easily select termination during LP. However, since LBW in LP had
more adverse outcomes, when obstetricians detect small fetus for
gestational age in LP using ultrasonography, they should pay
careful attention to avoid developing adverse maternal complica-
tions, such as SPE and HELLP syndrome. Moreover, congenital
neonatal anomaly was associated with LBW in term singleton
infants, but not in LP infants, possibly because the incidence of
neonatal congenital anomaly was similar between LBW and non-
LBW in LP infants unlike that in term infants. Mothers are often
depressed about having infants at LP or with LBW; Kaplan et al.
reported that mothers were shocked after giving birth to a small
child, expressed feelings of guilt and remorse, and had negative
feelings toward their child. However, they gradually regained their
confidence as mothers and accepted reality.24 Furthermore,
mothers who give birth prematurely may suffer from psychological
issues due to damage to their self-esteem and self-confidence.25

Although recent parents of preterm births were less stressed than
their 1980s counterparts,26 we need to accurately assess the risk for
neonates’ future health and provide information to mothers and
learn with them.

This study had several limitations. First, the Japan Society of
Obstetrics and Gynecology Successive Pregnancy Birth Registry
data were not collected from all institutions that perform deliveries
in Japan, and much of the data were collected from secondary and
tertiary hospitals. However, it was expected that most LP infants
were born at secondary and tertiary hospitals, since mothers going
into labor at LP are usually transferred to hospitals that care for
high-risk mothers and neonates, according to the Japanese
perinatal care system. Therefore, most LP infants born in Japan
might have been included in this database. Second, this database
included several missing data because it did not allow data
querying. Moreover, this database did not have details of maternal
and paternal information to further discuss LBW risk factors (such
as the socioeconomic status of the patients and environmental/
behavioral risks and paternal BMI and age). If this information
could be obtained, we might be able to further assess LBW risk
factors in LP neonates. Lastly, we could not check the number of
repeated entries that were included in the database, because it

Figure 2. Low birthweight incidence in late preterm neonates. The gray area
represents neonates born at late preterm, and the shaded area represents neonates
with low birthweight.
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Table 2. Comparison of maternal, perinatal and neonatal characteristics between LBW and non-LBW in mothers delivered at late preterm birth

LBW (n= 35 113) Non-LBW (n= 21 046) P-value

Maternal age at delivery (years) 32.4 ± 5.5 32.8 ± 5.4 <0.0001

Maternal age at delivery category <0.0001

Teenager 484 (1.4%) 266 (1.3%)

35–39 9676 (27.6%) 6291 (29.9%)

Over 40 3286 (9.4%) 2170 (10.3%)

Maternal pre-pregnancy BMI (kg/m2) 21.1 ± 3.7 21.7 ± 4.1 <0.0001

Maternal pre-pregnancy BMI category <0.0001

Underweight (BMI < 18.5) 7731 (22.0%) 3416 (16.2%)

Normal weight (18.5 ≤ BMI < 25.0) 23,259 (66.2%) 14,424 (68.5%)

Overweight (25.0≤ BMI < 30.0) 3010 (8.6%) 2152 (10.2%)

Obese (30≤ BMI) 1113 (3.2%) 1054 (5.0%)

Gestational weight gain (kg/40 w) 9.4 ± 5.0 10.0 ± 5.1 <0.0001

Gestational weight gain category <0.0001

Inadequate 23,102 (65.8%) 12,358 (58.7%)

Appropriate 8993 (25.6%) 6253 (29.7%)

Excessive 3018 (8.6%) 2435 (11.6%)

Smoking during pregnancy 1026 (2.9%) 439 (2.1%) <0.0001

Nulliparity 18,027 (51.3%) 9025 (42.9%) <0.0001

Method of conception: IVF-ET 2385 (6.8%) 1751 (8.3%) <0.0001

Gestational weeks at delivery (weeks) 35.1 ± 0.8 35.7 ± 0.6 <0.0001

Mode of delivery <0.0001

Vaginal delivery 16,744 (47.7.1%) 11,446 (54.4%)

Cesarean section 18,369 (52.3%) 9600 (45.6%)

Offspring sex (female) 16,480 (46.9%) 7 831 (37.2%) <0.0001

Perinatal complications

Gestational diabetes 1874 (5.3%) 1580 (7.9%) <0.0001

Overt diabetes 291 (0.8%) 395 (1.9%) <0.0001

Hypertension without proteinuria 6853 (19.5%) 1423 (6.8%) <0.0001

Hypertension with proteinuria 4793 (13.7%) 664 (3.2%) <0.0001

Placental previa 1956 (5.6%) 1935 (9.2%) <0.0001

Anemia during pregnancy 2889 (8.2%) 2686 (12.8%) <0.0001

Birth weight (g) 2128 ± 290 2768 ± 237 <0.0001

Neonatal growth category <0.0001

Small for gestational age 6667 (19.0%) 0

Appropriate for gestational age 28,123 (80.1%) 13,351 (63.4%)

Large for gestational age 323 (0.9%) 7695 (36.6%)

Apgar score (1 min) 7.4 ± 4.2 7.7 ± 3.4 <0.0001

Apgar score (5 min) 8.4 ± 5.1 8.6 ± 4.9 <0.0001

Neonatal congenital anomaly 1023 (2.9%) 556 (2.6%) 0.06

Data are mean (SD) or n (%). BMI, body mass index; IVF-ET, in vitro fertilization-embryo transfer; LBW, low birthweight.
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lacked a linkage between the identification number of the mother
and the child. Therefore, statistical methods, such as multi-level
models, might have been more suitable. Nevertheless, because few
large-scale examinations to assess factors of LBW in LP births exist,
our results would be valuable to appropriately assess the several
perinatal and future health risks in LP infants by understanding the
relationship between LP and LBW.

In conclusion, according to the Japanese pregnancy birth
registry data, more than half of LP neonates had LBW. Since there
are many causes of LBW, we previously discussed the issue of LBW
regarding infants with different backgrounds. We believe that
several risk factors should be subdivided and considered for the
risk of LP and LBW.

Supplementary material. The supplementary material for this article can be
found at https://doi.org/10.1017/S2040174423000235.
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