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Background: Rate and outcomes of small for gestational age (SGA) infants admitted to Chinese neonatal
intensive care units (NICU) has been poorly demonstrated. We aimed to describe the rate and outcomes
of SGA preterm infants in Chinese NICU, and to evaluate the association of SGA status with neonatal
outcomes in different gestational age (GA) and birth weight percentile groups.

Methods: This cohort study included all infants born at 26-33 weeks’ gestation and admitted to 25 tertiary
Chinese NICUs from April 2015 to May 2018. SGA was defined as a birthweight <10th percentile for GA
based on the Chinese neonatal birth weight curve.

Results: A total of 24,596 infants were included, and 1,867 (7.6%) infants were SGA. SGA infants had
significantly higher rates of death or any major morbidity (29.8% uvs. 20.5%), mortality (7.0% vs. 4.1%),
bronchopulmonary dysplasia (BPD, 17.6% vs. 9.8%), necrotizing enterocolitis (NEC, 4.8% vs. 3.2%) and
sepsis (7.3% vs. 4.8%) than non-SGA infants. SGA status was independently associated with increased risk
of death or any major morbidity [adjusted odds ratio: 2.37 (2.08-2.71)] as well as increased risks of death,
BPD, ROP, death or BPD, death or ROP, NEC and sepsis. The increased risks of adverse outcomes for
SGA infants existed across GA groups. The risks of adverse outcomes were highest among infants with a
birthweight <3rd percentile.

Conclusions: SGA contributes significantly to adverse neonatal outcomes. Specific attentions are

warranted when caring for SGA preterm infants.
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Introduction

Small for gestational age (SGA) status, which is defined
as a birthweight < the 10th percentile, has long been
considered a vital risk factor for neonatal mortality and
morbidities among preterm infants (1,2). Increased risks
of bronchopulmonary dysplasia (BPD) (3), late-onset
sepsis (4), necrotizing enterocolitis (NEC) (5), retinopathy
of prematurity (ROP) (6) and death (5) have been observed
among SGA infants compared to non-SGA infants in
previous studies. Therefore, SGA preterm infants require
extra attention during their stay in neonatal intensive
care units (NICUs). With the advancement of perinatal
medicine, an increased number of preterm infants have
survived in China (7). However, the rate of SGA and the
risks of neonatal mortality and morbidities for SGA preterm
infants in Chinese NICUs have been scarcely demonstrated.

This study aimed to estimate the rate and neonatal
outcomes of SGA preterm infants in the largest
contemporary multicenter cohort of preterm infants in
China. We also evaluated the association of SGA status
with neonatal outcomes in different GA and birth weight
percentile groups, aiming to demonstrate whether the
association existed among different GA groups and birth
weight percentile groups.

We present the study in accordance with the STROBE
reporting checklist (available at http://dx.doi.org/10.21037/
tp-20-339).

Methods

The study was conducted in accordance with the
Declaration of Helsinki (as revised in 2013). The study
was approved by The Ethics Committee of the Children’s
Hospital of Fudan University (Ethic approval No. [2015]
28) and informed consent was waived.

Study design and population

This is a cohort study of preterm infants admitted to 25
tertiary hospitals across China that used prospectively
collected data in a standardized clinical database. The
clinical database was initially established for a cluster
randomized controlled trial “Reduction of Infection in
NICUs using the Evidence-based Practice for Improving
Quality (EPIQ)” (REIN-EPIQ study, clinicaltrials.gov
#NCT02600195) (8). Twenty-five hospitals continuously
collected clinical data of all admitted preterm infants
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<34 weeks’ gestation for three years (May Ist, 2015 to April
30th, 2018). All data collection processes followed standard
operating procedures and definitions (7).

The inclusion criteria of this study were all infants born
at 26" -33" weeks’ gestation and admitted to participating
hospitals within 7 days after birth from May Ist, 2015 to
April 30th, 2018. Sdllborn infants and infants who died in
the delivery room were not eligible. Infants who did not
receive complete care and left the hospital against medical
advice were all excluded. Infants were followed until death
or discharge from the NICU.

Setting

Twenty-five tertiary hospitals from 19 provinces in China
participated in this study. All hospitals were able to provide
comprehensive care for infants born <28 weeks of gestation
or weighing <1,000 grams at birth. Among the participating
hospitals, 17 were national or provincial neonatal referral
centers, 8 were regional referral centers in metropolitan
cities, 18 were perinatal centers, and 7 were specialized
children's hospitals. Twelve hospitals were located in eastern
region of China, nine hospitals in central region and the
other four in western China (7).

Definitions

SGA status was defined as a birthweight < the 10th
percentile for gestational age according to the Chinese
neonatal birth weight curve for gestational age published
in 2015 (9). Gestational age (GA) was determined using the
hierarchy of best obstetric estimate based on the prenatal
ultrasound, menstrual history, obstetric examination, or
all three. Antenatal corticosteroid therapy was defined as
intravenous glucocorticoid treatment in one or more doses
before delivery. The Transport Risk Index of Physiologic
Stability (TRIPS) score was used as an illness severity score
on NICU admission (10).

The primary outcomes were neonatal mortality and
any major morbidity, including BPD, intraventricular
hemorrhage (IVH) > grade III or periventricular
leukomalacia (PVL), NEC, ROP and sepsis. BPD was
defined as the need for mechanical ventilation or oxygen
dependency at 36 weeks of postmenstrual age or at
discharge (11). NEC was defined as > stage 2 according to
the Bell criteria (12,13). Sepsis was defined by a positive
blood or cerebral spinal fluid culture. Cultures that were
positive for coagulase-negative staphylococcus (CONS)
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27,202 infants born at 26"°-33"° weeks’gestation

Excludsion

\

2,606 infants did not receive complete care
and left hospital against medical advice

24,596 eligible infants

\

\

22,729 non-SGA infants

1,867 SGA infants

\4

\ 4

548 infants with birth
weight <3rd percentile

1,314 infants with birth weight
within 3rd-10th percentile

Figure 1 Study population.

were considered as definite or possible infection if the
infants fulfilled all three criteria below: (I) infection-related
clinical manifestations; (II) two positive cultures drawn
within two days of each other, or one positive blood culture
together with abnormal white blood cell count (<5x10%/L
or >20x10°/L), C-reactive protein level (=8 mg/L), or
procalcitonin level (0.5 ng/mL) within two days (14)
susceptible antibiotics were given or planned >5 days (15).
IVH was classified according to Papile criteria (16). PVL was
defined as the presence of periventricular cysts on cranial
ultrasound or cranial MRI scans before discharge. ROP was
diagnosed according to the International Classification of

ROP (17).

Statistical analysis

Student’s #-tests and Pearson  tests were used to compare
the distributions of continuous variables and categorical
variables between the SGA and non-SGA groups,
respectively. Multilevel mixed-effects logistic regression
models were used to examine the association between SGA
and neonatal outcomes, accounting for the intracluster
correlation among the infants within hospitals. Hospitals
were considered independent clusters with random effects
in the models. At the infant level, gestational age, sex, Apgar
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scores <3 at 1 and 5 minutes, congenital abnormalities,
TRIPS score on admission, cesarean status, inborn status,
primigravida, prenatal care, maternal hypertension,
maternal diabetes, and antenatal steroids were adjustment
factors. Same analyses were performed for infants with
different GAs and with birth weights < the 3rd percentile
and within the 3rd-10th percentiles. In all analyses, a two-
sided P<0.05 was used to determine statistical significance.

Statistical analysis was performed using Stata 15.1
(StataCorp, College Station, TX).

Results
Infant and maternal characteristics

Overall, 27,202 infants with gestational age from 26 to
33 weeks were admitted to participating NICUs during the
study period. After excluding 2,606 infants with incomplete
care, this study included a total of 24,596 infants, among
whom 1,867 (7.6%) were SGA (shown in Figure I). Among
all SGA preterm infants, 548 (2.2%) had a birth weight <
the 3 percentile, and 1,314 (5.3%) within the 3rd-10th
percentiles.

The infant and maternal characteristics stratified by
SGA status are described in Table 1. SGA preterm infants
had lower Apgar scores at 1 minute after birth and higher
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Characteristics

Infant characteristics

Gestational age (weeks), mean (SD)

26727, n/N (%)
28"°-29", n/N (%)
30"°-31°, n/N (%)
32°-33", n/N (%)

Birth Weight (g), mean (SD)

<1000, n/N (%)

1000-1499, n/N (%)
1500-1999, n/N (%)

>2000, n/N (%)
Male, n/N (%)

1 m Apgar <3, n/N (%)

5 m Apgar <3, n/N (%)

TRIPS Score, median (IQR)"

Inborn status, n/N (%)

Maternal characteristics

Prenatal care, n/N (%)
Maternal hypertension, n/N (%)
Maternal diabetes, n/N (%)
Antenatal steroids, n/N (%)
Primigravida, n/N (%)

Caesarean section, n/N (%)

non-SGA (N=22,729) SGA (N=1,867) P value
30.9 (1.83) 31.8 (1.37) <0.001
1,182 (5.2) 14 (0.7)

3,753 (16.5) 121 (6.5)

6,949 (30.6) 511 (27.4)

10,845 (47.7) 1,221 (65.4)

1,683.5 (392.4) 1,205.0 (224.6) <0.001
690/1,030 (67.0) 340/1,030 (33.0)
6,648/7,977 (83.3) 1,329/7,977 (16.7)
10,322/10,520 (98.1) 198/10,520 (2.9)
5,068/5,068 (100.0) 0/5,068 (0.0)

13,223 (58.2) 982 (52.6) <0.001
907/21,906 (4.4) 101/1,805 (5.6) 0.003
202/20,867 (1.0) 15/1,711 (0.9) 0.71

12 (6, 19) 12 (7, 19) <0.001

15,960 (70.2) 1,291 (69.1) 0.33

22,243/22 532 (98.8) 1,840/1,858 (99.0) 0.38

3,211/22,508 (14.3) 956/1,858 (51.5) <0.001
2,861/22,490 (12.7) 164/1,857 (8.8) <0.001
14,410/21,583 (66.8) 1,265/1,771 (71.1) <0.001
8,110/22,710 (35.7) 717/1,858 (38.4) 0.018
12,250/22,717 (53.9) 1,553/1,866 (83.2) <0.001

', Data on TRIPS Score were missing in 114 infants. SGA, small for gestational age; SD, standard deviation. TRIPS Score, cesarean,
congenital anomalies, inborn status, primigravida, prenatal care, maternal hypertension, maternal diabetes and antenatal steroids were

adjusted.

TRIPS scores on admission than non-SGA preterm
infants. Mothers of SGA preterm infants were more likely
to be primigravida (38.4% vs. 35.7%, P=0.018), to have
hypertension (51.5% vs. 14.3%, P<0.001), to receive
antenatal steroids (71.1% vs. 66.8%, P<0.001) and to deliver
by cesarean section (83.2% wvs. 53.9%, P<0.001) but were
less likely to have diabetes (8.8% wvs. 12.7%, P<0.001).

Neonatal outcomes

The rate of death or any morbidity for SGA preterm infants
was significantly higher than that for non-SGA preterm

© Translational Pediatrics. All rights reserved.

infants (29.8% vs. 20.5%, P<0.001). Concerning each
outcome, the mortality rate (7.0% vs. 4.1%, P<0.001) and
incidences of BPD (17.6% wvs. 9.8%, P<0.001), death or
BPD (19.8% vs. 11.1%, P<0.001), death or ROP (17.7% ws.
12.9%, P<0.001), NEC (4.8% vs. 3.2%, P<0.001) and sepsis
(7.3% vs. 4.8%, P<0.001) were all remarkably higher among
SGA preterm infants than non-SGA preterm infants (shown
in Table 2).

After adjustment, SGA preterm infants had a 2.37-
fold (95% CI: 2.08-2.71) increased risk of death or any
morbidity compared with non-SGA preterm infants. SGA
was also independently associated with increased risks of
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Table 2 Neonatal outcomes for SGA or non-SGA infants born at 26-33 weeks

SGA

Outcomes non-SGA (N=22,732) Al SGA (N=1,867) piﬂ;ﬁf?& ::;c;) ilz:; ::ﬁ:?eh(thgy_;g;] P value* P value
Death or any morbidity, 4,662 (20.5) 556 (29.8) 190 (34.7) 366 (27.7) <0.001  <0.001
n/N (%)

Death, n/N (%) 926 (4.1) 131 (7.0) 48 (8.8) 83 (6.3) <0.001  <0.001
BPD, n/N (%) 2,224 (9.8) 328 (17.6) 124 (22.6) 204 (15.5) <0.001  <0.001
ROP*, n/N (%) 2,006/12,107 (16.6)  202/1,326 (15.2) 66/405 (12.0) 137/921 (10.4) 0.21 0.007
Death or BPD, n/N (%) 2,532 (11.1) 370 (19.8) 142 (25.9) 228 (17.3) <0.001  <0.001
Death or ROP, n/N (%) 2,927 (12.9) 331 (17.7) 113 (20.6) 218 (16.5) <0.001  <0.001
IVH = grade Ill or PVL', 1,238/20,932 (5.9) 100/1,732 (5.8) 30/454 (6.6) 70/1,278 (5.5) 0.81 0.66

n/N (%)

NEC, n/N (%) 728 (3.2) 89 (4.8) 26 (4.7) 63 (4.8) <0.001 0.001

Sepsis, /N (%) 1,094 (4.8) 137 (7.3) 43 (8.6) 94 (6.9) <0.001  <0.001

*, Comparison among non-SGA and SGA infants; **, Comparison among non-SGA infants, infants with birth weight <3“ percentile and
3rd-10th percentile. ', Incidence of PVL was calculated among infants with neuroimaging results; ¥, Incidence of ROP > stage 3 was
calculated among infants with eye examinations in the NICU. SGA, small for gestational age; BPD, bronchopulmonary dysplasia; ROP,
retinopathy of prematurity; IVH, intraventricular hemorrhage; PVL, periventricular leukomalacia; NEC, necrotizing enterocolitis; NICU,

neonatal intensive care unit.

death, BPD, ROP, death or BPD, death or ROP, NEC and
sepsis (shown in Figure 2 and Table S1).

Among infants with different GAs, we found that the
increased risks of adverse outcomes for SGA infants existed
across GA groups. The incidences of death or any morbidity
were higher for SGA infants at each gestational week
>29 weeks. Increased mortality rates and BPD incidences
were observed for SGA infants in each GA group. The
incidences of ROP and NEC were significantly higher
among SGA infants >30 weeks (shown in Figure 3 and
Table S2). The association of SGA status and adverse
outcomes across GA groups remained similar after
adjustment (shown in Figure S1).

For infants with birth weight < the 3rd percentile and
within the 3rd-10th percentiles, we found that the risks of
adverse outcomes increased as the birth weight percentile
decreased (shown in Figure 2 and Table S3). Infants with a
birth weight within the 3rd-10th percentiles were exposed
to notably increased risks of death or any morbidity,
including BPD, ROP, death or BPD, death or ROP, and
sepsis, compared with non-SGA preterm infants; moreover,
infants with a birth weight < the 3rd percentile had the
highest risks among the three groups.

© Translational Pediatrics. All rights reserved.

Care practices

Care practices in NICUs for SGA or non-SGA preterm
infants are shown in 7able 3. SGA preterm infants were
more likely to receive surfactant (29.7% vs. 25.7%,
P=0.002), central venous lines (64.8% vs. 35.5%, P<0.001)
and vasopressors (22.5% vs. 17.2%, P<0.001) than non-SGA
preterm infants. Oral feeds were initiated later for SGA
patients, even though a larger proportion of SGA preterm
infants were fed breastmilk. In addition, SGA preterm
infants were more likely to receive parenteral nutrition
(94.2% wvs. 91.0%, P<0.001) and have a longer hospital stay.
Care practices among different GA groups presented similar
trends (shown in Table S4).

Discussion

Neonatal outcomes for SGA preterm infants among
24,596 preterm newborns admitted to 25 NICUs from 19
provinces were presented in this study, which, to the best
of our knowledge, has the largest sample of preterm infants
in China to date. We identified significantly higher risks of
mortality and major morbidities for SGA preterm infants
compared with those for non-SGA preterm infants, as well
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Figure 2 Risks of mortality and major morbidities among all SGA infants and infants with birth weight <3rd percentile and within 3rd-10th

percentile. Multilevel mixed-effects logistic regression models were used accounting for the correlations among infants within hospitals.

At the infant level, gestational age, sex, Apgar score <3 at 1 and 5 minutes, TRIPS Score, cesarean, congenital anomalies, inborn status,

primigravida, prenatal care, maternal hypertension, maternal diabetes and antenatal steroids were adjusted. BPD, bronchopulmonary

dysplasia; ROP, retinopathy of prematurity; IVH, intraventricular hemorrhage; PVL, periventricular leukomalacia; NEC, necrotizing

enterocolitis; aOR, adjusted odds ratio; SGA, small for gestational age; TRIPS Score, cesarean, congenital anomalies, inborn status,

primigravida, prenatal care, maternal hypertension, maternal diabetes and antenatal steroids were adjusted.

as an increased requirement for NICU resources among
SGA preterm infants.

Among 24,596 infants born at 26-33 weeks’ gestation
and admitted to Chinese NICUs, 1,867 (7.6%) were
classified as SGA. This SGA rate for preterm infants was
lower than that reported previously, which varied from
9.95% to 37.5% in developed countries including the
US (5), Canada (18), Sweden (19), Italy (20) and
Germany (21). In addition, the SGA rate was also lower
than we expected, that the rate might be approximately

© Translational Pediatrics. All rights reserved.

10% based on the definition of SGA. We suspected that this
relatively low SGA rate was because our study was hospital-
based instead of birth-population-based. For infants
>32 weeks of gestation, those in good condition would not
be admitted to tertiary NICUs. However, more importantly,
we observed a decreased proportion of SGA infants with
decreasing GA, and specifically, only 3.1% of infants born
at 28-29 weeks gestation and 1.2% of infants born at
26-27 weeks’ gestation were SGA. This result indicated
that many SGA infants at the youngest GA or with
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Figure 3 Rates of mortality and major morbidities for SGA and non-SGA infants by gestational age. SGA, small for gestational age; BPD,

bronchopulmonary dysplasia; ROP, retinopathy of prematurity; IVH, intraventricular hemorrhage; PVL, periventricular leukomalacia;

NEC, necrotizing enterocolitis.

highest illness severity might die in the delivery room or
receive palliative care without NICU admission. More
investigations are needed for the exact reasons and to
facilitate possible quality improvement initiatives.

Based on our results, SGA status contributed greatly to
neonatal death. The risk of death was 2.66-fold higher for
SGA preterm infants compared with non-SGA preterm
infants after adjustment. The increased risk of death was
most significant among infants with the lowest gestational
age. However, even among infants born >30 weeks
gestation, who presented a relatively low mortality rate,

© Translational Pediatrics. All rights reserved.

the mortality rate of SGA preterm infants was substantial.
Due to the paucity of information on the causes of death,
a detailed explanation for such a high incidence and risk
of death could not be further inferred, but these data are
required in future studies to develop specific approaches for
reducing the mortality rate.

We identified a 3.1-fold higher risk of BPD among SGA
preterm infants compared with non-SGA preterm infants,
which was in accordance with previous studies that have
reported a 2—6-fold higher risk of BPD for SGA preterm
infants (3,22,23). A large proportion of SGA preterm
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Care practice non-SGA (N=22,729) SGA (N=1,867) P value
Surfactant, n/N (%) 4,864/16,403 (29.7) 354/1,375 (25.7) 0.002
Mechanical ventilation, n/N (%) 5,939 (26.1) 458 (24.5) 0.13
Duration of invasive ventilation, median [IQR] 412, 7] 412, 8] 0.061
Non-Invasive Ventilation, n/N (%) 13,925 (61.3) 1,150 (61.6) 0.78
Duration of non-Invasive ventilation, median [IQR] 6[3,12] 7[4,14] <0.001
Central Venous Line, n/N (%) 8,077 (35.5) 1,210 (64.8) <0.001
Duration of Central Venous Line, median [IQR] 20 [11, 30] 21183, 31] 0.005
Vasopressors use, n/N (%) 3,913 (17.2) 420 (22.5) <0.001
Duration of vasopressors use, median [IQR] 412,7] 412, 8] 0.62
Antibiotic treatment (days), median [IQR] 10 [6, 18] 13 [8, 23] <0.001
Parenteral Nutrition, n/N (%) 20,685 (91.0) 1,758 (94.2) <0.001
Duration of Parenteral Nutrition, median [IQR] 149, 23] 2013, 30] <0.001
Time of feeds initiation, median [IQR] ' 2[2,3] 2[2,3] <0.001

<24 h 4,872/21,431 (22.7) 290/1,793 (16.7) <0.001

24-48 h 9,733/21,431 (45.4) 811/1,793 (46.8)

48-72 h 3,065/21,431 (14.3) 240/1,793 (13.8)

>72h 3,761/21,431 (17.5) 393/1.793 (22.7)
Breastmilk feeding, n/N (%) 12,383 (54.5) 1,064 (57.0) 0.036
NICU stay (days), median [IQR]* 27 [17, 41] 39 [29, 53] <0.001
PMA at Discharge (weeks), median (IQR)* 35.6 (34.7, 36.6) 37.9 (36.9, 39.3) <0.001

T Days of feeds initiation were missing in 1,372 infants; * Infants who died in the NICU were excluded. NICU, neonatal intensive care unit;
SGA, small for gestational age; IQR, interquartile range, PMA, post menstrual age.

infants may also experience intrauterine growth restriction
(IUGR), one of the major risk factors for BPD. A reduced
postnatal pulmonary diffusing capacity, mild hypoxemia,
increased metabolic rate, changes in lung structure and lung
and chest dysfunction all contributed to the mechanisms of
permanent respiratory deficiency in IUGR infants in animal
studies (24,25).

It was observed that the risk of ROP was significantly
increased for SGA infants >30 weeks gestation. As
mentioned above, SGA infants were at higher risk of
respiratory disorders and thus were associated with a higher
rate and longer duration of oxygen supplementation, which
was a significant risk factor for ROP development (26). A
systematic review included 21 studies and evaluated the
association between ROP and SGA in preterm infants.
The results reported increased ROP odds for SGA infants
among all preterm infants (6). The small sample size of
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infants with the youngest gestational age have limited our
power to detect differences in ROP incidence among infants
<29 weeks’ gestation. Furthermore, 35% of SGA infants
with a GA <29 weeks died, and these deaths may have
occurred before ROP could develop. Our results indicated
that SGA preterm infants, even among those with relatively
larger GAs, should be more closely monitored for ROP. In
light of the increased risks of BPD and ROP among SGA
infants, it might worth to evaluate the effects of relevant
care practices, such as saturation targets, specifically in the
SGA preterm population to guide more precise care for
these infants.

The risks of NEC were higher in SGA infants born at
>30 weeks gestation. This result agreed with previously
published results (5,27,28). For feeding practices, although
the breastfeeding rate was higher among SGA preterm
infants, SGA preterm infants still had a higher rate and
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longer duration of parenteral nutrition and started oral
feeding later than non-SGA preterm patients. This result
indicated that feeding tolerance might be worse in SGA
preterm infants, which might be related to the increased risk
of NEC.

The association between SGA and sepsis was also
demonstrated in our study and previous reports (4,29). The
potential mechanism may be associated with the immaturity
of SGA preterm infants, longer stay in the NICU and more
invasive care practices, leading to a higher probability of
infection.

In this study, we elaborated on the rates and risks of
neonatal outcomes for SGA preterm infants based on the
largest contemporary cohort of preterm infants in China,
thus providing useful references for neonatologists. There
were also several limitations. First, this was a hospital-based
study, and the proportion of SGA preterm infants could not
represent the incidence of SGA status in the population.
There might be a considerable proportion of SGA infants
with the lowest gestational age did not receive active care and
were not admitted to NICUs. Second, although the database
provided detailed definitions, we were unable to evaluate
potential diagnostic variabilities across sites (e.g., differences
in timing and diagnostic criteria of cranial ultrasounds or
ophthalmologic examinations). Third, the sample size of
infants born <28 gestational weeks was relatively small and
did not have enough statistical power. Fourth, there was
no information on the causes of SGA status in our study,
and these causes may be closely associated with neonatal
outcomes. Fifth, 2,606 infants were excluded in our analysis
due to incomplete care (discharge against medical advice)
and unpredictable outcomes. Among these infants, 11.0%
(287/2,606) were SGA and therefore the incidence of SGA
presented in our study was mildly underestimated.

In conclusion, 7.6% of infants born at 26-33 weeks and
admitted to Chinese NICUs were SGA. SGA is significantly
associated with adverse neonatal outcomes across GA groups.
Specific attention for SGA preterm infants in NICUs and
better perinatal monitoring and management to reduce the

SGA rate are both required.
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