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Impact of being large-for-gestational-age on neonatal
mortality and morbidities in extremely premature infants
Junichi Ozawa1, Kosuke Tanaka1, Kazuhiko Kabe1, Fumihiko Namba 1 and Neonatal Research Network of Japan

BACKGROUND: Small for gestational age (SGA) infants have an increased risk for neonatal mortality and morbidities. However, few
studies have examined the risk of large for gestational age (LGA) on these factors. We compared the risk of mortality and
morbidities in LGA premature infants with those of appropriate for gestational age (AGA) infants.
METHODS: Premature infants who were born between 2003 and 2012 at <26 weeks of gestational age were included. Relative risks
of mortality and morbidities were evaluated between LGA and AGA infants.
RESULTS: From 6898 extremely premature infants, 357 (5.2%), 5530 (80.2%), and 1011 (14.7%) were LGA, AGA, and SGA,
respectively. A total of 5887 infants (5530 AGA and 357 LGA) were examined after excluding infants with congenital anomalies,
unknown sex, and deficient data. The risk of mortality in LGA and AGA infants did not differ (relative risk (95% confidence interval)
1.04 (0.83–1.32)). Compared to AGA infants, LGA infants did not increase the risk of morbidities, including intraventricular
hemorrhage, cystic periventricular leukomalacia, treated retinopathy of prematurity, necrotizing enterocolitis, and
bronchopulmonary dysplasia.
CONCLUSIONS: This study demonstrates that being born LGA does not correlate with an increased risk of mortality and
morbidities in extremely premature infants.
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IMPACT:

● It is currently unknown if being large for gestational age is a risk for neonatal morbidity.
● A total of 6898 preterm infants born <26 weeks gestational age were included in the study.
● It was found that being large for gestational age was not related to increased risk of mortality and morbidities.

INTRODUCTION
Infants who are born small for gestational age (SGA) are often
associated with increased mortality.1 SGA infants are also
predisposed to hypoglycemia,2 hypothermia,3 polycythemia,4

and thrombocytopenia5 compared to infants born appropriate
for gestational age (AGA) after birth. Furthermore, in premature
infants, SGA infants were at increased risks of mortality and
morbidities, including respiratory distress syndrome, necrotizing
enterocolitis (NEC), late-onset sepsis (LOS), treated retinopathy of
prematurity (ROP), and bronchopulmonary dysplasia (BPD).6

In contrast, the term large for gestational age (LGA) is meant to
convey a concern of excessive growth. Babies born LGA are
usually defined by weight, determined as >90th percentile at birth
according to gestational age (GA) and sex. Due to genetic factors
or increased supply of nutrients, excessive fetal growth can occur.
Obese mothers and mothers with pre-gestational diabetes
mellitus or gestational diabetes mellitus (GDM) could be the
cause of being born with LGA. Early excessive fetal growth
resulting from Beckwith–Wiedemann syndrome and other genetic
disorders could result in LGA. Infants who are born with LGA may
have an increased risk for short-term outcomes, such as shoulder
dystocia,7 neonatal hypoglycemia,8 and longer hospital stay.9

Concerning long-term outcomes, a recent systematic review and

meta-analysis highlighted that high birth weight (BW) is
independently associated with increased overweight risk during
childhood and adulthood.10 Additionally, epidemiological studies
have shown a strong association between being born LGA and
later adverse metabolic and cardiovascular outcomes.11–13 How-
ever, little is known of outcomes regarding LGA extremely
premature babies.
Therefore, we hypothesize that being born LGA could increase

the risk of mortality and morbidities in extremely premature
infants. The aim of this study was to evaluate short‐term mortality
and morbidities, such as intraventricular hemorrhage (IVH),
periventricular leukomalacia (PVL), ROP, NEC, and BPD, for infants
born LGA at extremely preterm using the nationwide database of
the Neonatal Research Network of Japan (NRNJ).

METHODS
Study design and participants
This retrospective observational study cohort included all extre-
mely premature infants born at <26 weeks of GA and admitted to
a neonatal intensive care unit (NICU) registered in the NRNJ from
January 01, 2003 to December 31, 2012. During the study period,
about 60% of the participating NICUs were Level III and 40% were
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Level II units. The NRNJ database covered almost 70% of all
nationally delivered preterm infants with a BW ≤1500 g in 2012.14

Data collection was approved by the research ethics committee at
each participating site. Neonates with SGA, congenital malforma-
tions, any missing data, and transferred from other hospitals were
excluded. Anonymously collected information about infants was
unlinked from individual data.

Data collection
Perinatal records were included for maternal age, maternal
diabetes, infant sex, GA, BW, and Apgar score. SGA, AGA, and
LGA infants were defined as lower than the 10th percentile,
between the 10th and 90th percentile, and more than the 90th
percentile for BW, respectively, based on GA and sex in
accordance with Japanese neonatal anthropometric charts for
gestational age at birth.15 GA was determined in the following
order: (1) early prenatal ultrasound, (2) the best estimation of the
last menstrual period, and (3) physical examination at birth.
The following outcomes were recorded for each group:

mortality, IVH, cystic PVL, treated ROP, NEC, BPD, early-onset
sepsis (EOS), LOS, and patent ductus arteriosus (PDA). Death was
defined as that occurring during the hospitalization period and
not after discharge. BPD was defined as requirement of
supplemental oxygen at 36 completed weeks postmenstrual age
(36 weeks and 0 days to 36 weeks and 6 days inclusive). NEC was
defined according to the Bell et al. criteria and included all stages
of NEC (stages 1–3).16 IVH was defined according to the Papile
et al. criteria using head ultrasound, computed tomography (CT),
or magnetic resonance imaging (MRI) and included all grades of
IVH (grades 1–4).17 Cystic PVL was also defined using head
ultrasound, CT, or MRI. ROP was considered treated if the worst
stage of ROP was at III or greater according to the criteria
proposed by the Ministry of Health, Labor, and Welfare of Japan,
which was equivalent to stage III or greater in the International
Classification of ROP, and if treatment was required. PDA was
defined based on the presence of circulatory failure by using
echocardiography and clinical findings. EOS and LOS were defined
as sepsis that occurs within and after 7 days of birth, respectively.

Outcomes
The primary outcome was defined as death before discharge.
Secondary outcomes included ten major morbidities, including
IVH, cystic PVL, treated ROP, NEC, BPD, EOS, LOS, and PDA, which
were compared between LGA and AGA extremely premature
infants who survived and were discharged from hospital. The risks
of mortality and morbidities stratified by GA were also compared
between LGA and AGA infants. Data were compared in LGA
infants stratified by GA, GDM, and ponderal index (PI). PI
was obtained from weight and length (weight in g × 100/length
in cm3).18

Statistical analysis
Demographic data were assessed with medians and interquartile
ranges (IQRs) or frequency (%) where appropriate. Statistical
analysis was performed using Mann–Whitney U test for compar-
ison of medians and the chi-squared test for comparison of
proportions using the EZR software (Saitama Medical Center, Jichi
Medical University, Saitama, Japan).19 A p value <0.05 was
considered to be significant.

RESULTS
Subject characteristics
In this study, a total of 7985 extremely premature infants who
were born at less than 26 weeks of GA and who were admitted to
a NICU participating in the NRNJ from January 01, 2003 to
December 31, 2012 were enrolled in the study. Of these, 1087
infants were excluded due to congenital abnormality (n= 369),

any missing data (n= 486), and transfer from another hospital
(n= 232). The remaining subjects (n= 6898) were divided into
three groups: 1011 (14.7%) of SGA, 5530 (80.2%) of AGA, and
357 (5.2%) of LGA infants. Because this study aimed to evaluate
AGA and LGA infants, SGA infants were excluded from further
analysis (Fig. 1).
Characteristics of LGA and AGA extremely premature infants are

listed in Table 1. LGA infants had significantly lower GA (median
(IQR), 24.2 (23.2–25.0) vs. 24.3 (23.5–25.2) weeks, p < 0.01), heavier
BW (813 (700–904) vs. 668 (585–752) g, p < 0.01), older
maternal age (32 (28–36) vs. 31 (27–35) years, p < 0.01), and less
multiple births (10 vs. 17%, p < 0.01) compared to AGA infants.
There was no significant difference between LGA and AGA infants
in terms of Apgar score at 1 and 5min, the rates of maternal DM,
and sex.

Infant mortality and morbidities
Table 2 shows mortality and morbidities in LGA and AGA extremely
premature infants. Overall, it was found that mortality did not differ
between LGA and AGA infants (18 vs. 17%, relative risk (RR) (95%
confidence interval (CI)) 1.04 (0.83–1.32), p= 0.72). The rates of
delivery room deaths in LGA and AGA infants were 0.3 and 0.7%,
respectively (RR (95% CI) 0.43 (0.06–3.13), p= 0.61). In infants who
survived their NICU stay (294 LGA and 4596 AGA), there were no
statistical differences in incidences of IVH (36 vs. 32%, RR (95% CI) 1.13
(0.96–1.33), p= 0.16), cystic PVL (5% vs. 4%, RR (95% CI) 1.16
(0.70–1.94), p= 0.67), treated ROP (50 vs. 46%, RR (95% CI) 1.10
(0.97–1.23), p= 0.18), NEC (3 vs. 3%, RR (95% CI) 1.23 (0.65–2.32),

7985

1087

6898

1011 SGA 5530 AGA 357 LGA

<26 weeks of gestational age with premature infant

Excluded
369: Congenital abnormality
486: Any missing data
232: Transfer from other hospital

Fig. 1 Study flow chart. From 7985 patients with <26 weeks of GA,
a total of 6898 were included in the study and divided into three
groups, namely, SGA, AGA, and LGA. SGA small for GA, AGA
appropriate for GA, LGA large for GA.

Table 1. Patients’ characteristics.

LGA (n= 357) AGA (n= 5530) p

Gestational age (weeks) 24.2 (23.2–25.0) 24.3 (23.5–25.2) <0.01

Birth weight (g) 813 (700–904) 668 (585–752) <0.01

Apgar score at 1 min 3 (1–5) 3 (2–5) 0.05

Apgar score at 5 min 6 (4–7) 6 (5–7) 0.32

Apgar score <5 at 5min (%) 23 23 1.00

Maternal age (years) 32 (28–36) 31 (27–34) <0.01

Maternal diabetes
mellitus (%)

3.1 1.8 0.13

Male n (%) 53.0 52.3 0.83

Multiple births (%) 10 17 <0.01

LGA large for gestational age, AGA appropriate for gestational age.
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p= 0.65), BPD (44 vs. 49%, RR (95% CI) 0.90 (0.78–1.02), p= 0.09), EOS
(4 vs. 4%, RR (95% CI) 1.24 (0.71–2.15), p= 0.55), LOS (13 vs. 12%,
RR (95% CI) 1.06 (0.78–1.33), p= 0.93), and PDA (57 vs. 62%,
RR (95% CI) 0.93 (0.84–1.02), p= 0.15).

Subjects were divided into two GA groups: 22–23 weeks and
24–25 weeks. After stratification by GA, there were no statistical
differences in mortality and morbidities between LGA and AGA
extremely premature infants (Table 2).

Table 2. Risk of mortality and morbidity in survivors.

LGA AGA RR (95% CI) p

Death, n (%)

Total n= 357 63 (18%) n= 5530 934 (17%) 1.04 (0.83–1.32) 0.72

22–23 weeks n= 146 42 (29%) n= 1710 535 (31%) 0.92 (0.71–1.20) 0.59

24–25 weeks n= 211 21 (10%) n= 3820 21 (10%) 0.95 (0.63–1.45) 0.91

IVHa, n (%)

Total n= 294 105 (36%) n= 4596 1452 (32%) 1.13 (0.96–1.33) 0.16

22–23 weeks n= 104 47 (45%) n= 1175 458 (39%) 1.16 (0.93–1.45) 0.26

24–25 weeks n= 190 58 (31%) n= 3421 994 (29%) 1.05 (0.84–1.31) 0.73

Cystic PVLa, n (%)

Total n= 294 15 (5%) n= 4596 202 (4%) 1.16 (0.70–1.94) 0.67

22–23 weeks n= 104 3 (3%) n= 1175 46 (4%) 0.74 (0.23–2.33) 0.80

24–25 weeks n= 190 12 (5%) n= 3421 156 (2%) 1.39 (0.78–2.45) 0.35

Treated ROPa, n (%)

Total n= 294 147 (50%) n= 4594 2104 (46%) 1.10 (0.97–1.23) 0.18

22–23 weeks n= 104 60 (58%) n= 1175 598 (51%) 1.13 (0.95–1.35) 0.22

24–25 weeks n= 190 87 (46%) n= 3421 1508 (44%) 1.04 (0.89–1.22) 0.70

NECa, n (%)

Total n= 294 10 (3%) n= 4596 127 (3%) 1.23 (0.65–2.32) 0.65

22–23 weeks n= 104 3 (3%) n= 1175 45 (4%) 0.75 (0.24–2.38) 0.83

24–25 weeks n= 190 7 (4%) n= 3421 82 (2%) 1.54 (0.72–3.28) 0.38

BPDa, n (%)

Total n= 294 130 (44%) n= 4596 2272 (49%) 0.90 (0.78–1.02) 0.09

22–23 weeks n= 104 54 (52%) n= 1175 709 (35%) 0.86 (0.71–1.35) 0.12

24–25 weeks n= 190 76 (40%) n= 3421 1563 (46%) 0.88 (0.73–1.05) 0.15

EOSa, n (%)

Total n= 294 13 (4%) n= 4596 164 (4%) 1.24 (0.71–2.15) 0.55

22–23 weeks n= 104 5 (5%) n= 1175 57 (5%) 0.99 (0.41–2.42) 1.00

24–25 weeks n= 190 8 (4%) n= 3421 107 (3%) 1.35 (0.67–2.72) 0.54

LOSa, n (%)

Total n= 294 37 (13%) n= 4596 547 (12%) 1.06 (0.78–1.33) 0.93

22–23 weeks n= 104 18 (17%) n= 1175 177 (15%) 1.15 (0.74–1.79) 0.64

24–25 weeks n= 190 18 (09%) n= 3421 344 (10%) 0.94 (0.60–1.48) 0.89

PDAa, n (%)

Total n= 294 169 (57%) n= 4596 2843 (62%) 0.93 (0.84–1.02) 0.15

22–23 weeks n= 104 63 (61%) n= 1175 738 (63%) 0.96 (0.82–1.33) 0.73

24–25 weeks n= 190 106 (56%) n= 3421 2105 (62%) 0.91 (0.80–1.03) 0.13

Pharmacological PDA treatmenta, n (%)

Total n= 294 173 (59%) n= 4592 2849 (62%) 0.95 (0.86–1.05) 0.30

22–23 weeks n= 104 64 (62%) n= 1173 740 (63%) 0.98 (0.83–1.14) 0.84

24–25 weeks n= 190 109 (57%) n= 3419 2109 (62%) 0.93 (0.82–1.01) 0.27

PDA surgerya, n (%)

Total n= 294 48 (18%) n= 4593 868 (19%) 0.86 (0.66–1.13) 0.31

22–23 weeks n= 104 23 (22%) n= 1173 253 (22%) 1.03 (0.70–1.50) 1.00

24–25 weeks n= 190 25 (13%) n= 3420 615 (18%) 0.73 (0.50–1.06) 0.11

LGA large for gestational age, AGA appropriate for gestational age, RR relative risk, CI confidence interval, IVH intraventricular hemorrhage, PVL periventricular
leukomalacia, ROP retinopathy of prematurity, NEC necrotizing enterocolitis, BPD bronchopulmonary dysplasia, EOS early-onset sepsis, LOS late-onset sepsis,
PDA patent ductus arteriosus.
aMorbidity in survivors.
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Mortality and morbidities in LGA infants
Subgroup analyses of mortality and morbidities were also
conducted among LGA extremely premature infants stratified
by GDM and PI (Table 3). Between LGA infants born from GDM
and non-GDM mothers, there were no statistical differences in
mortality (27 vs. 18%, RR (95% CI) 1.55 (0.58–4.18), p= 0.67) and
morbidities, including IVH (38 vs. 36%, RR (95%) 1.04
(0.42–2.59), p= 1.00), cystic PVL (0 vs. 5%), treated ROP (63
vs. 50%, RR (95% CI) 1.25 (0.72–2.17), p= 0.73), NEC (0 vs. 4%),
BPD (14 vs. 45%, RR (95% CI) 0.28 (0.04–1.74, p= 0.14), EOS (0
vs. 4%), LOS (0 vs. 12%), and PDA (63 vs. 57%, RR (9% CI) 1.10
(0.63–1.90), p= 1.00).
In LGA extremely premature infants, PI did not affect mortality

(15 vs. 17%, RR (95% CI 0.89 (0.53–1.50), p= 0.77) and morbidities:
IVH (40 vs. 33%, RR (95% CI) 1.24 (0.90–1.71), p= 0.24), cystic PVL
(6 vs. 5%, RR (95% CI) 1.16 (0.43–3.16), p= 0.99), treated ROP (48
vs. 48%, RR (95% CI) 0.93 (0.72–1.19), p= 0.10), NEC (4 vs. 3%, RR
(95% CI) 1.16 (0.34–4.01), p= 1.00), and BPD (47 vs. 45%, RR (95%
CI) 1.05 (0.80–1.36), p= 0.83), EOS (5 vs. 5%, RR (9% CI) 1.09
(0.37–3.23), p= 1.00), LOS (11 vs. 12%, RR (95% CI) 0.96 (0.48–1.91),
p= 1.00), and PDA (61 vs. 55%, RR (95% CI) 1.10 (0.90–1.35),
p= 0.46).

DISCUSSION
In this comparative study of outcomes in LGA and AGA extremely
premature infants in Japan, differences in mortality and morbid-
ities were investigated between the two groups. The study
highlighted that there were no statistical differences in mortality
and morbidities between LGA and AGA extremely premature
infants. Furthermore, subgroup analyses between LGA extremely
premature infants showed that existence of maternal GDM and
the neonatal PI did not affect mortality and morbidities in LGA
extremely premature infants.
Previously, Baer and colleagues also examined the effect of SGA

or LGA status on mortality and morbidity by GA among infants
born between 25 and 44 weeks. They reported that there was a
decreased mortality risk for LGA infants born between 25 and
27 weeks and the decreased risk of preterm morbidity (any of IVH,
NEC, BPD, ROP, or PVL) for LGA infants born before 37 weeks.20

Recently, Boghossian and colleagues have also reported in-
hospital outcomes in LGA infants born at 22–29 weeks of
gestation. They concluded that infants born with LGA were
associated with lower risks for all examined outcomes, including
mortality, respiratory distress syndrome, PDA, NEC, LOS, severe
ROP, and BPD, except for EOS and severe IVH.21 They explained

Table 3. Risk of mortality and morbidity in LGA infants.

GDM (n= 11) Non-GDM (n= 341) RR (95% CI) p

Death (%) 3 (27%) 60 (18%) 1.55 (0.58–4.18) 0.67

GDM (n= 08) Non-GDM (n= 281) RR (95% CI) p

IVH (%) 3 (38%) 101 (36%) 1.04 (0.42–2.59) 1.00

Cystic PVL (%) 0 (0%) 15 (5%) N/A N/A

Treated ROP (%) 5 (63%) 140 (50%) 1.25 (0.72–2.17) 0.73

NEC (%) 0 (0%) 10 (4%) N/A N/A

BPD (%) 1 (14%) 127 (45%) 0.28 (0.04–1.74) 0.14

EOS (%) 0 (0%) 11 (4%) N/A N/A

LOS (%) 0 (0%) 035 (12%) N/A N/A

PDA (%) 5 (63%) 161 (57%) 1.10 (0.63–1.90) 1.00

Pharmacological PDA treatment (%) 5 (63%) 164 (58%) 0.64 (0.93–1.58) 1.00

PDA surgery (%) 2 (25%) 45 (16%) 1.56 (0.46–5.34) 0.85

PI > 2.5 (117) PI ≤ 2.5 (208) RR (95% CI) p

Death (%) 18 (15%) 36 (17%) 0.89 (0.53–1.50) 0.77

PI > 2.5 (099) PI ≤ 2.5 (172) RR (95% CI) p

IVH (%) 40 (40%) 56 (33%) 1.24 (0.90–1.71) 0.24

Cystic PVL (%) 6 (6%) 9 (5%) 1.16 (0.43–3.16) 0.99

Treated ROP (%) 48 (48%) 82 (48%) 0.93 (0.72–1.19) 0.10

NEC (%) 4 (4%) 6 (3%) 1.16 (0.34–4.01) 1.00

BPD (%) 47 (47%) 78 (45%) 1.05 (0.80–1.36) 0.83

EOS (%) 5 (5%) 8 (5%) 1.09 (0.37–3.23) 1.00

LOS (%) 11 (11%) 20 (12%) 0.96 (0.48–1.91) 1.00

PDA (%) 60 (61%) 95 (55%) 1.10 (0.90–1.35) 0.46

Pharmacological PDA treatment (%) 63 (64%) 97 (56%) 1.13 (0.93–1.38) 0.30

PDA surgery (%) 17 (17%) 29 (17%) 1.02 (0.59–1.76) 1.00

Five and 32 LGA infants lack data on the presence of GDM and PI, respectively.
GDM gestational diabetes mellitus, LGA large for gestational age, PI ponderal index, RR relative risk, CI confidence interval, IVH intraventricular hemorrhage, PVL
periventricular leukomalacia, ROP retinopathy of prematurity, N/A not applicable, NEC necrotizing enterocolitis, BPD bronchopulmonary dysplasia, EOS early-
onset sepsis, LOS late-onset sepsis, PDA patent ductus arteriosus.
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these benefits of LGA compared with AGA by a 100-g increment in
BW across the entire GA range, which could affect perceptions
about impairment and consequent life support provisions, such as
surfactant therapy, ventilator support, epinephrine, and cardiac
compressions. Furthermore, they found higher rates of maternal
hypertension among AGA infants compared to LGA infants both
during and after 24 weeks. On the other hand, the increased risks
of EOS and severe IVH among LGA infants were explained by
higher rates of chorioamnionitis.
In Japan, the limit of viability moved from 24 to 22 weeks of

gestation in 1991. A national survey conducted in Japan in 2012
reported that active resuscitation of extremely preterm infants
born at 22 and 23 weeks of gestation was performed in 81 and
85% of NICUs.22 In contrast, active treatment was provided by only
22% of infants born at 22 weeks and by 71% born at 23 weeks in
11 participating sites in the National Institute of Child Health and
Human Development Neonatal Research Network in the US.23

Therefore, one of the reasons for the distinction between results
from the current study and previous studies might be
explained by the difference in decision-making pertaining to the
active treatment of periviable infants, suggesting that an
increment of 100–150 g in BW in LGA extremely premature
infants does not reduce the risk of neonatal morbidities in this
Japanese cohort.
In Boghossian’s study, the differences in neonatal morbidities

between LGA and AGA infants were also explained by the rates of
maternal hypertension and chorioamnionitis. In the current study,
there was no significant difference observed in the rate of
maternal hypertension was between LGA (2.25%) and AGA
(2.75%) (RR (95% CI) 1.22 (0.61–2.47), p= 0.70), as well as in the
rate of chorioamnionitis (35.7 vs. 34.1%, RR (95% CI) 0.96
(0.83–1.11), p= 0.62), which could also explain the reason for
the different results from the Boghossian’s study.
Infants who are born with LGA are seemingly more common

among diabetic pregnancies. Infants of diabetic mothers are at
an increased risk of mortality and various neonatal adverse
outcomes, including macrosomia, preterm birth, hypoglycemia,
hypocalcemia, hyperbilirubinemia, polycythemia, respiratory
distress syndrome, hypertrophic cardiomyopathy, cardiac mal-
formations, and neurologic impairment due to perinatal
asphyxia and birth traumas.20, 24, 25 To examine the effects of
GDM on neonatal outcomes in LGA extremely premature infants,
a subgroup analysis was performed according to the presence/
absence of GDM. In the current study, LGA preterm infants with
GDM did not increase the risks of mortality and any prematurity-
related morbidities compared to those without GDM. The
adverse neonatal outcomes are not constant in all GDM cases,
but their frequency and severity are significantly influenced by
maternal care quality and maternal health condition.24 Similar to
our results, in the international cohort study of singleton infants
who were born very preterm, Persson and colleagues have
reported that very preterm infants born to mothers with
diabetes are not at a higher risk of in-hospital mortality or
morbidity compared to the population without diabetes.26 This
is mostly consistent with data from previous studies,27–30 even
though some studies report an increased risk of NEC in infants of
mothers with GDM.28, 29 Possible explanations for the lack of
increase in mortality and morbidities in LGA extremely
premature infants by the presence of GDM are (1) short-term
exposure to hyperglycemia in utero due to extremely preterm
birth, (2) recent improvements in management of maternal
GDM, or (3) a more intense monitoring of high-risk pregnancies,
such as pregnancies with maternal GDM.
PI has generally been the traditional measure used to assess

proportionality at birth and to discriminate between asymmetrical
and symmetrical intrauterine growth restriction types. Recently, it
was also calculated as a marker of adiposity.31 Armangil and
colleagues calculated PI of LGA infants and found that the median

PI of infants with diabetic mothers was significantly higher than
that of infants with non-diabetic mothers. However, mean BW,
height, and head circumference were similar in both groups,
suggesting that PI can provide useful information on the
proportionality of fetal growth in LGA infants.32 Therefore, we
divided LGA infants into two groups according to the proportion-
ality of fetal growth using PI values. There were no differences
in mortality and morbidities between LGA infants with higher PI
(PI > 2.5) and those with lower PI (PI ≤ 2.5). Persson and colleagues
also examined whether disproportionate body composition was a
risk factor for perinatal complications in preterm and term LGA
infants born to mothers with type 1 diabetes using PI and
concluded that disproportionality was not a risk factor for
neonatal complications in LGA infants, as was also observed in
our current study.33

We acknowledge that there are several limitations to this
study. First, because it was a retrospective study, maternal and
neonatal complications were defined before the study; thus the
evaluation of these complications was performed at each
participating center. Therefore, the precision of these diagnoses
was difficult to assess. Second, an essential aspect of extremely
premature infants’ management is the long-term outcome, but
this could not be evaluated as part of this study. Third, because
the number of LGA infants born to mothers with GDM was small
and information on the impact of maternal GDM on AGA infants
was lacking, we could not draw definitive conclusions from
mortality and morbidities.
We conclude that (i) compared with AGA extremely premature

infants, LGA infants were not likely to die or have prematurity-
related morbidities in a Japanese nationwide cohort; (ii) maternal
GDM and PI did not seem to affect mortality and morbidities in
LGA infants.
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