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Abstract: Objective: The aim of the current study was to investigate epidemiological characteristics of RDS in prema-
ture infants in China. Methods: A total of 13,701 premature infants, born in the Department of Neonatology of 14 
hospitals from major cities in 11 provinces of China, between January 2013 and December 2014, were included. 
These infants were divided into the RDS group and non-RDS group. General conditions, perinatal factors, incidence 
of complications, and mortality rates were retrospectively analyzed. Results: The morbidity rate of RDS in premature 
infants was 15.7%. The mortality rate of premature infants with RDS was 8.7%. Increased gestational age (GA) and 
born weights (BW), as well as prenatal dexamethasone and para times ≥ 2, were protective indexes against RDS. 
Male gender, neonatal asphyxia, multiple pregnancies, cesarean deliveries, and placenta previa were significantly 
associated with RDS in premature infants. Of the premature infants, 5,485 (40%) received antenatal dexametha-
sone therapy. A total of 986 (56.0%) were preterm infants with GA < 32 weeks. Incidence of RDS in neonates with 
GA < 33 weeks in the antenatal corticosteroids group was lower, compared to the non-antenatal corticosteroids 
group. Conclusion: Mortality and morbidity rates of preterm neonates with RDS were higher than rates in those 
without RDS. Prenatal dexamethasone may effectively reduce incidence of RDS and improve prognosis in preterm 
neonates with GA < 33 weeks.
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Introduction

Over the last four decades, increased survival 
rates for respiratory distress syndrome (RDS)  
in premature infants have paralleled improve-
ments in prenatal, obstetric, and neonatal care. 
However, the most prevalent morbidity cause in 

premature newborns is bronchopulmonary dys-
plasia (BPD), affecting resources for newborns, 
families, and ultimately society. RDS remains a 
major cause of mortality and morbidity in pre-
mature infants. EuroNeoNet figures for 2010 
[1] showed that morbidity rates of RDS in pre-
mature infants decreased with an increase in 
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gestational age (GA). Incidence was 92% for 
infants born at 24-25 weeks, 88% for those 
born at 26-27 weeks, 76% for those born at 
28-29 weeks, and 57% for those born at 30- 
31 weeks. The reason for the increase in pre-
term births is not well understood. Possible 
contributing factors include the increased use 
of reproductive technologies and newer obs- 
tetric practices, such as caesarean sections. 
Additionally, morbidity rates of RDS in prema-
ture infants may vary among countries, re- 
gions, or races. 

To further improve outcomes for premature in- 
fants, it is necessary to evaluate differences  
in outcomes among countries, investigating 
which factors are responsible for those differ-
ences. Clinicians require up-to-date informa-
tion for accurate counseling, assisting in ben- 
chmarking, and facilitating the review of local 
policies, thereby improving outcomes. There- 
fore, this study was designed to analyze epi- 
demiological characteristics of RDS in prema-
ture infants in urban areas of China. Present 
results are expected to highlight areas where 
further intervention is needed and to identify 
preventive aspects, decreasing incidence of 
RDS and improving perinatal outcomes for all 
infants with RDS.

Methods

Patients

A total of 13,701 premature infants, from the 
Department of Neonatology of 14 hospitals (3 
level II and 11 level III hospitals) from major cit-
ies in 11 provinces of China, from January 2013 
to December 2014, were included this study. 

All participating hospitals were tertiary neona-
tal care centers, having their own maternity 
local wards that provide newborn intensive 
care in their respective regions. Each hospital 
provided surfactants, oxygen, and mechanical 
ventilation. Clinical data of premature infants 
with GA < 37 and ≥ 24 weeks, born from 
January 1, 2013, to December 31, 2014, was 
collected and analyzed. 

Infants that died in the delivery room were 
excluded from final analysis. Morbidity rates 
were calculated after birth. General conditions, 
perinatal factors, incidence of complications, 
and mortality rates were analyzed retrospec-
tively. They were divided into the RDS group 

and non-RDS group. These groups were then 
further divided into the antenatal corticoste-
roids (ANS) group and non-ANS group. 

This retrospective cohort study was approved 
by the Institutional Ethics Committee of the 
Army General Hospital of the People’s Liberat- 
ion Army (PLA) (number 2012-12) and was 
adopted by each center, according to Chinese 
regulations. The study was also conducted as 
part of the Neonatal Research Network of the 
Chinese Neonatologist, a sub-association of 
the Chinese Medical Doctor Association. Coor- 
dination for this study was based at the Army 
General Hospital of PLA. 

Observation indexes

Preterm mortality rates were based on the 
number of preterm deaths versus the number 
of live preterm births. Incidence of specific neo-
natal disease was expressed using total live 
births as the denominator or the total hospital-
ized numbers as a constitutive rate, as app- 
ropriate. 

GA was based on the clinical gestational age 
estimation, incorporating the date of the last 
menstrual period (LMP) and other factors, 
including ultrasound results. Preterm birth was 
defined as births before 37 weeks of gestation 
or fewer than 259 days since the first day of the 
woman’s LMP. It was further divided into ex- 
tremely preterm (< 28 weeks), very preterm (28 
to 32 weeks), and moderate preterm (32 to 37 
completed weeks of gestation). 

RDS diagnosis was based on clinical manifes-
tations and chest X-ray findings [2]. Clinical 
signs and symptoms of RDS were progressive 
respiratory distress, tachypnea, nasal flaring, 
groans, and cyanosis within 12 hours after 
birth. Typical X-rays of RDS showed a grainy 
shadow, air bronchogram, and white lung. Th- 
ere were 4 grades: Grade 1) A slight reticular 
(slightly granular) decrease in lung transparen-
cy without obvious differences from normal 
findings; Grade 2) A soft decrease in lung tra- 
nsparency with an air bronchogram that over-
lapped the heart; Grade 3) A gradually stron- 
ger decrease in transparency and a blurry dia-
phragm and heart; and Grade 4) Practically 
homogenous lung opacity. Morbidity refers to 
common complications, including bronchopul-
monary dysplasia (BPD), intracranial hemorrh- 
ages (ICH), necrotizing enterocolitis (NEC), reti-
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nopathy in preterm neonates (ROP), patent 
ductus arteriosus (PDA), sepsis, and pulmonary 
hemorrhages. Diagnostic criteria for these 
complications came from the Fourth Edition of 
the Practice of Neonatology [2]. Gravida time ≥ 
2 indicates being pregnant more than twice. 
Para time ≥ 2 indicates giving birth more than 
twice. Assisted pregnancy indicates pregnancy 
through assisted reproductive technologies. 
Clinical diagnosis of perinatal asphyxia was 
based on evidence of cardiorespiratory and ne- 
urological depression (defined as an Apgar 
score remaining less than 7 at 5 minutes after 
birth) and evidence of acute hypoxic compro-
mise with acidemia (defined as an arterial bl- 
ood pH of less than 7 or base excess greater 
than 12 mmol/L). Antenatal fever indicates 
maternal fever, defined as a temperature great-
er than 38 degrees Celsius during labor. 
Additionally, premature rupture of fetal mem-
branes, placental abruption, placenta previa, 
pregnant hypertension, and gestational diabe-
tes mellitus were defined according to relevant 
studies [3]. Abnormalities of amniotic fluid 
include conditions such as polyhydramnios (> 
2000 mL), oligohydramnios (< 300 mL), amni-
otic fluid turbidity, and meconium-staining 
amniotic fluid. Abnormalities of umbilical cord 
indicate twining, twist, tying, prolapse, and 
edema. Maternal characteristics, neonatal de- 
mographic features, interventions performed 
after birth, and survival rates of all neonates 
were recorded.

Statistical analysis

EPIDATA database was used for datasheet 
recordings. Statistical analysis was performed 
using SPSS software (v. 19.0). Descriptive sta-
tistical methods were used to describe the 
study population. Numerical data are expressed 
as mean ± S.D. Student’s t-tests were used to 
analyze significant differences between two 
groups. Categorical variables are presented as 
frequencies or rates and were compared using 
Chi-squared tests or Fisher’s exact tests. 
Univariate logistic regression was performed, 
with each potential factor included as an inde-
pendent variable and the presence or absence 
of RDS included as a dependent variable. 
Variables with p-values less than 0.05 are con-
sidered potentially significant. They were fur-
ther analyzed with stepwise multivariate logis-
tic regression analysis using the backward 

selection method for determination of signifi-
cant independent factors. P-values < 0.05 indi-
cate statistically significant differences.

Results

Basic characteristics

A total of 138,247 live born infants with GA < 
37 weeks were registered in the NICUS data-
base. Infants with GA ≥ 37 weeks (n=124,539) 
and GA < 24 weeks (n=7) were excluded from 
analyses. Of the 138,247 live born newborns, 
13,701 (9.9%) were premature infants. A total 
of 7,646 (55.8%) were males. The average GA 
of premature infants was 34.4 ± 2.2 weeks 
(ranging from 24.0 weeks to 36.9 weeks). Of 
these infants, 9,481 (69.2%) were older than 
34 weeks, 1,612 (11.8%) were very preterm 
infants, and 148 (1.1%) were extremely pre-
term infants. The average born weight (BW) of 
premature infants was 2,250.7 ± 575.7 g (rang-
ing from 400 g to 5,225 g). Of these, 1,370 
(10%) weighed less than 1,500 g. Of these pre-
mature infants, 2,146 were diagnosed with 
RDS (15.7%), including 1,318 (61.4%) males. 
Dexamethasone has been widely used as a 
prenatal corticosteroid in urban areas of China. 
Of the premature infants, 5,485 received ante-
natal dexamethasone therapy, accounting for 
40.0% of all premature infants. A total of 986 
(56.0%) were preterm infants with gestational 
ages < 32 weeks (Figure 1).

Morbidity and mortality rates of RDS in prema-
ture infants

Survival rates of premature infants with GAs of 
24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 
and 36 weeks were 0.0% (0/11), 28.0% (7/25), 
84.8% (28/33), 83.5% (66/79), 87.4% (174/ 
199), 90.7% (291/321), 93.9% (417/444), 
96.0% (622/648), 97.1% (991/1,021), 99.0% 
(1,424/1,439), 99.0% (2,194/2,217), 99.3% 
(2,832/2,852), and 99.7% (4,399/4,412), re- 
spectively. Mortality rates in premature infants 
with RDS with GA < 34 weeks and ≥ 34 weeks 
were 9.8% (160/1,634) and 4.9% (25/512), 
respectively. Morbidities of RDS in premature 
infants decreased with increasing GA (OR: 
0.538, 95% CI: 0.524-0.551). Compared with 
the non-antenatal corticosteroids group, preg-
nant women undergoing antenatal corticoste-
roids treatment had a lower morbidity of RDS in 
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neonates with GA < 33 weeks. The mortality 
rate of premature infants with RDS was 8.7%.  
It was only 0.6% in those without RDS. Dif- 
ferences were significant (χ2=465.600, P < 
0.001) (Figure 2).

Responsible factors for RDS

Perinatal characteristics between premature 
infants with and without RDS were compared, 
as shown in Table 1. There were 16 factors sig-
nificantly different between the two groups, 
including the proportion of males, average GA, 
BW, body length, head circumference, neonatal 
asphyxia, gravida time ≥ 2, para time ≥ 2, mul-
tiple pregnancies, cesarean deliveries, assist-
ed pregnancies, placental abruption, placenta 
previa, pregnancy-induced hypertension, ges-
tational diabetes mellitus, and abnormalities of 
the amniotic fluid. According to multi-factor 
logistic regression analysis, increased GA and 

BW, prenatal dexamethasone, and para time ≥ 
2 were protective factors against RDS. Male 
gender, neonatal asphyxia, multiple pregnan-
cies, cesarean deliveries, and placenta previa 
were significantly associated with RDS in pre-
mature infants. For premature infants with GA 
< 33 weeks, prenatal dexamethasone, incre- 
ased GA and BW, and para time ≥ 2 remain- 
ed as protective factors against RDS. Male gen-
der and placenta previa were significantly as- 
sociated with RDS in premature infants with GA 
< 33 weeks. For premature infants with GA ≥ 
33 weeks, it was found that increased GA and 
BW, para time ≥ 2, assisted pregnancies, and 
rupturing of membranes were protective fac-
tors against RDS. Male gender, neonatal as- 
phyxia, multiple pregnancies, cesarean deliver-
ies, and placenta previa were significantly as- 
sociated with RDS in premature infants with GA 
≥ 33 weeks (Table 2).

Figure 1. Profile of the study 
cohort 2013-2014.

Figure 2. Morbidity and mortality of RDS and effects of ANS on morbidity of RDS in premature infants in different GA 
categories. A. Morbidity of RDS; B. Mortality of RDS and non-RDS infants.
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Table 1. Neonatal and maternal characteristics of the study population

Characteristic
No./Total No. (%)

P ValueaRDS Non RDS
ANS (n=1029) No ANS (n=1117) Total (n=2146) ANS (n=4456) No ANS (n=7099) Total (n=11555)

Infant
    Male 639/1029 (62) 679/1117 (61) 1318/2146 (61) 2440/4456 (55) 3888/7099 (55) 6328/11555 (55) < .001
    GA, mean (SD), wk 31.9 (2.2) 31.9 (2.9) 31.9 (2.6) 34.3 (1.9) 35.3 (1.4) 34.9 (1.7) < .001
    BW, mean (SD), g 1710 (513) 1732 (596) 1722 (558) 2205 (527) 2439 (500) 2349 (523) < .001
    Body length, mean (SD), cm 41.5 (4.2) 41.8 (4.8) 41.7 (4.5) 45.0 (3.6) 46.5 (3.2) 45.9 (3.4) < .001
    Head circumference, mean (SD), cm 29.3 (2.5) 29.5 (3.3) 29.4 (3.0) 31.1 (2.4) 31.8 (1.9) 31.6 (2.2) < .001
    Neonatal asphyxia 303/1029 (29.4) 399/1117 (35.7) 702/2146 (32.7) 441/4206 (10.5) 507/6744 (7.5) 948/10950 (8.7) < .001
    Gravida time ≥ 2b 649/1027 (63.2) 681/1101 (61.9) 1330/2128 (62.5) 2433/4202 (57.9) 3696/6725 (55.0) 6129/10927 (56.1) < .001
    Para time ≥ 2c 525/1028 (51.1) 524/1101 (47.6) 1049/2129 (49.3) 1869/4202 (44.5) 2688/6725 (40.0) 4557/10927 (41.7) < .001
    Multiple pregnancy 284/1029 (27.6) 280/1117 (25.1) 564/2146 (26.3) 1687/4456 (37.9) 2284/7099 (32.2) 3971/11555 (34.4) < .001
Maternal
    Age, mean (SD), y 29 (5) 29 (5) 29 (5) 29 (5) 29 (5) 29 (5) .91
    Cesarean delivery 638/1029 (62.0) 566/1117 (50.7) 1204/2146 (56.1) 2924/4456 (65.6) 4070/7099 (57.3) 6994/11555 (60.5) < .001
    Assisted pregnancy 112/1029 (10.9) 115/1117 (10.3) 227/2146 (10.6) 666/4206 (15.8) 699/6744 (10.4) 1365/10950 (12.5) .01
    Antenatal fever 230/1029 (22.4) 195/1117 (17.5) 425/2146 (19.8) 969/4206 (23.0) 1211/6744 (18.0) 2180/10950 (19.9) .91
    Rupture of membrane 408/1029 (39.7) 363/1117 (32.5) 771/2146 (35.9) 1431/4206 (34.0) 2626/6744 (38.9) 4057/10950 (37.1) .32
    Chorioamnionitis 22/991 (2.2) 23/1090 (2.1) 45/2081 (2.2) 73/4105 (1.8) 98/6488 (1.5) 171/10593 (1.6) .08
    Placental abruption 56/1029 (5.4) 67/1117 (6.0) 123/2146 (5.7) 113/4206 (2.7) 163/6744 (2.4) 276/10950 (2.5) < .001
    Placenta previa 105/1029 (10.2) 69/1117 (6.2) 174/2146 (8.1) 231/4206 (5.5) 275/6744 (4.1) 506/10950 (4.6) < .001
    Pregnancy-induced hypertension 161/1029 (15.6) 121/1117 (10.8) 282/2146 (13.1) 569/4206 (13.5) 602/6744 (8.9) 1171/10950 (10.7) .001
    Gestational diabetes mellitus 100/1029 (9.7) 59/1117 (5.3) 159/2146 (7.4) 404/4206 (9.6) 585/6744 (8.7) 989/10950 (9.0) .02
    Abnormality of the amniotic fluid 92/831 (11.1) 97/929 (10.4) 189/1760 (10.7) 327/3211 (10.2) 426/5419 (7.9) 753/8630 (8.7) .01
    Abnormality of the umbilical cord 86/502 (17.1) 83/599 (13.9) 169/1101 (15.3) 340/2267 (15.0) 597/3382 (17.7) 937/5649 (16.6) .31
Abbreviations: RDS, respiratory distress syndrome; ANS, antenatal corticosteroids; GA, gestational age; BW, birth weight. aP values comparing total RDS vs Non RDS obtained from Fisher’s exact test for cat-
egorical variables and from nonparametric Wilcoxon 2-sample tests for GA, BW, body length, head circumference, and maternal age. bGravida time ≥ 2 indicates being pregnant more than twice. cPara time ≥ 
2 indicates giving birth more than twice. 
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Table 2. Multivariate logistic regression analysis of risk factors for RDS in preterm neonates with dif-
ferent GA categories
Risk factors Unadjusted OR (95% CI) P Adjusted OR (95% CI) P
< 33 weeks
    Male 1.433 (1.232-1.666) < .001 1.591 (1.310-1.932) < .001
    GA (every 1-week increase) 0.602 (0.568-0.638) < .001 0.633 (0.579-0.692) < .001
    BW (every 250-g increase) 0.634 (0.596-0.674) < .001 0.847 (0.767-0.935) < .001
    Para time ≥ 2a 0.739 (0.634-0.862) < .001 0.585 (0.464-0.737) < .001
    Placenta previa 1.807 (1.288-2.534) .001 1.986 (1.317-2.995) .001
    Prenatal dexamethasone 0.501 (0.430-0.584) < .001 0.549 (0.453-0.666) < .001
 ≥ 33 weeks
    Male 1.257 (1.083-1.460) 0.003 1.258 (1.058-1.496) .01
    GA (every 1-week increase) 0.505 (0.471-0.541) < 0.001 0.546 (0.502-0.594) < .001
    BW (every 250-g increase) 0.497 (0.444-0.556) < 0.001 0.736 (0.637-0.850) < .001
    Neonatal asphyxia 3.885 (3.211-4.701) < 0.001 2.519 (2.008-3.160) < .001
    Para time ≥ 2a 0.628 (0.541-0.727) < 0.001 0.662 (0.540-0.811) < .001
    Multiple pregnancy 1.749 (1.473-2.077) < 0.001 1.398 (1.120-1.746) .003
    Cesarean delivery 1.916 (1.616-2.272) < 0.001 1.642 (1.333-2.022) < 001
    Assisted pregnancy 0.601 (0.460-0.784) < 0.001 0.700 (0.501-0.977) .04
    Rupture of membrane 0.855 (0.732-1.000) .05 0.827 (0.684-1.000) .05
    Placenta previa 2.160 (1.670-2.795) < 0.001 1.789 (1.313-2.437) < .001
Total
    Male 1.315 (1.196-1.445) < .001 1.366 (1.197-1.558) < .001
    GA (every 1-week increase) 0.538 (0.524-0.551) < .001 0.556 (0.534-0.580) < .001
    BW (every 250-g increase) 0.368 (0.351-0.386) < .001 0.852 (0.785-0.925) < .001
    Neonatal asphyxia 5.129 (4.585-5.738) < .001 1.729 (1.468-2.035) < .001
    Para time ≥ 2a 0.737 (0.671-0.808) < .001 0.620 (0.530-0.724) < .001
    Multiple pregnancy 1.469 (1.324-1.629) < .001 1.241 (1.053-1.463) .01
    Cesarean delivery 0.834 (0.759-0.915) < .001 1.395 (1.208-1.612) < .001
    Prenatal dexamethasone 1.468 (1.338-1.610) < .001 0.796 (0.696-0.910) 001
    Placenta previa 1.821 (1.523-2.178) < .001 1.800 (1.391-2.329) < .001
Abbreviations: GA, gestational age; BW, birth weight. aPara time ≥ 2 indicates giving birth more than twice.

Outcomes between premature infants with 
and without RDS

Results showed that 185/2,146 (8.6%) vs 
71/11,555 (0.6%) live born infants with or with-
out RDS died before discharge. Moreover, 
511/2,146 (23.8%) vs 513/11,555 (4.4%) live 
born infants with or without RDS died or sur-
vived with at least one of the complications, 
including moderate-to-severe BPD, severe IVH, 
high grade NEC, sepsis, and ROP ≥ 3. Incidence 
of BPD, NEC, IVH, PDA, ROP, sepsis, and pulmo-
nary hemorrhaging in premature infants with 
RDS was significantly higher than that in infants 
without RDS (P < 0.001) (Table 3).

Discussion

In 1967, Northway first applied the term BPD 
for the gradual development of a pulmonary 

disease in premature newborns experiencing 
respiratory distress syndrome (RDS) at birth. 
BPD is a diagnosis based on a series of patho-
logic evidence. This can undoubtedly be attrib-
uted to mechanical ventilation and exposure to 
oxygen in the lungs of premature newborns 
involved in RDS. Regarding gestational age and 
weight, this disease, also referred to as chronic 
lung disease (CLD), entangles a significantly dif-
ferent population of newborns than the ones 
described by Northway four decades ago.

Incidence of premature infants has increased 
in most countries in recent years. In China, 
rates were 7.8% [4], 8.1% [5], and 9.9% [6] in 
2002, 2005, and 2010-2011, respectively. The 
current study showed a similar morbidity rate of 
9.9%. Incidence rates of premature infants in 
the US were 12.5%, 12.8%, 12.7%, and 12.3%, 
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Table 3. Comparison of hospital outcomes between premature infants with and without RDS

Outcome
No./Total No. (%)

P value
RDS (n=2146) Non-RDS (n=11555)

Died before discharge 185/2146 (8.6) 71/11555 (0.6) < .001
Survived without morbiditya 1635/2146 (76.2) 11042/11555 (95.6) < .001
Died or survived with at least one complicationa 511/2146 (23.8) 513/11555 (4.4) < .001
BPD 197/2146 (9.2) 88/11555 (0.8) < .001
NEC 56/2146 (2.6) 114/11555 (1.0) < .001
IVH 369/2146 (17.2) 823/11555 (7.1) < .001
PDA 649/2146 (30.2) 1375/11555 (11.9) < .001
ROP 81/2146 (3.8) 63/11555 (0.5) < .001
Sepsis 203/2146 (9.5) 209/11555 (1.8) < .001
Pulmonary hemorrhage 75/2146 (3.5) 28/11555 (0.2) < .001
Abbreviations: RDS, respiratory distress syndrome; BPD, bronchopulmonary dysplasia; NEC, necrotizing enterocolitis; IVH, 
intraventricular hemorrhage; PDA, patent ductus arteriosus; ROP, retinopathy in preterm neonates. aComplications including 
moderate to severe BPD, severe IVH, high grade NEC, sepsis, and ROP ≥ 3.

respectively, in 2004, 2006, 2007, and 2008 
[7-9]. Rates in Japan were 9.1%, 10.5%, 12.0%, 
and 10.7%, respectively, in 1997-2000, 2001-
2003, 2004-2006, and 2007-2010 [10]. 
According to worldwide statistics, incidence 
rates were 12.7% and 11.4% in 2005 [11] and 
2013 [12], respectively. Incidence rates of pre-
mature infants in developed countries appear 
stable, while rates in China have slightly fluctu-
ated. Differences in incidence rates in prema-
ture infants between developed countries and 
China may be dueto different NICU conditions. 
Lower incidence rates may be related to the 
admission of older GA infants with fewer 
problems.

The proportion of premature infants in Japan 
with GAs of 34-36, 28-33, and 22-27 weeks 
was 60.2%, 29.3% and 10.5%, respectively, in 
2007-2010 [13]. Rates in China were 70.0%, 
28.6% and 0.7%, respectively, in 2010-2011 
[14]. In the current study, the proportions were 
69.2%, 29.7% and 1.1%, respectively. These 
trends show a slight increase in the proportion 
of extremely preterm infants. However, the pro-
portions were still lower than those in devel-
oped countries.

Survival rates of premature infants vary from 
region to region. Therefore, it is important for 
each region to consider their own up-to-date 
figures, reflecting their population and medical 
treatment. The survival rate of premature in- 
fants with GA ≥ 32 weeks was 98.6% in Japan 
in 2006-2008 [13]. Survival rates of prema- 
ture infants in China with GAs of 32, 33, 34,  
35, and 36 were 88.8%, 91.1%, 96%, 96.8%, 

and 97.9%, respectively, in 2010 [14]. The cur-
rent survey showed increased rates of 97.1%, 
99.0%, 99.0%, 99.3%, and 99.7%, respectively, 
approaching the rates of developed countries. 
Survival rates of premature infants in Australia 
with GAs of 28, 29, 30, and 31 weeks were 
95.6%, 97.2%, 97.8%, and 98.6%, respectively, 
in 2007-2011 [15]. In contrast, respective rates 
in China were much lower, showing 66.7%, 
60.3%, 82.9%, and 79.2%, respectively, in 
2010 [14]. The current survey showed increas- 
ed rates of 87.4%, 90.7%, 93.9%, and 96.0%, 
respectively. These were higher than previous 
studies in China and were close to those of 
developed countries. Survival rates of preterm 
neonates in Australia with GAs of 25, 26, and 
27 weeks were 75.6%, 85.1%, and 91.1%, 
respectively, in 2007-2011 [15]. Similar rates 
of 72%, 84%, and 88%, respectively, were 
observed in America in 2003-2007 [16]. These 
rates was 0%, 0%, and 58.3%, respectively, in 
2010 [14]. They were 41.7%, 91.3%, and 
92.5%, respectively, in 2012 [17] in China. The 
current study showed increased rates of 28.0%, 
84.8%, and 83.5%, respectively. These were 
was higher than previous results in China and 
close to those of developed countries.

RDS is common among premature infants with 
small GA and BW [1, 18, 19]. In the current sur-
vey, the morbidity rate of premature infants 
was 9.9%. The morbidity rate of RDS in prema-
ture infants was 15.7%. Compared with data 
from Europe [1], the current study showed lower 
morbidities of RDS in premature infants with 
GAs of 24-32 weeks. Lower mortality rates of 
9.8% in premature infants with RDS with GA < 
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34 weeks were observed in the current survey, 
compared with 27.9% and 11.7%, respectively, 
in previous surveys in China in 1998-2004 and 
2005-2012 [20]. Present results should be 
considered when interpreting the regional sta-
tus and progression of perinatal-neonatal care 
standards. Previous studies have reported 
complications of premature infants, such as 
IVH (9.3%) [21], ROP (2.3%-48.7%) [22-24], 
BPD (12.9%-17.6) [25], NEC (3%-9%) [26, 27], 
PDA (20%-60%) [28, 29], pulmonary hemor-
rhages (7%-13.3%) [16, 30, 31], and sepsis 
(2%-36%) [16]. Morbidities of the complications 
in the current survey were apparently higher 
than those of premature infants without RDS. 

Previous studies [1, 32-34] found that young 
GA, low BW, male gender, neonatal asphyxia, 
prenatal infections, placenta previa, placental 
abruption, multi-gravida, and multi-pregnancy 
were risk factors for RDS in premature infants. 
In the current study, increased risk of RDS in 
premature infants with GA < 33 weeks was 
associated with male gender, GA, and BW, 
which are related to lung maturity. Therefore, 
prenatal dexamethasone could effectively re- 
duce incidence of RDS and improve prognosis 
due to improved fetal lung function. Approxi- 
mately 90% of premature infants with GA < 32 
weeks receive antenatal corticosteroids thera-
py in developed countries [15], whereas only 
56.0% of premature infants with GA < 32 weeks 
received antenatal corticosteroids therapy in 
the current survey. This decrease suggests that 
attention should be paid during the perinatal 
period to improve the prognosis of RDS in pre-
mature infants. Prenatal corticosteroid therapy 
is recommended for all pregnancies with a risk 
of preterm birth below 34 weeks gestation [1, 
35]. It is included in the RDS guidelines in China 
[36]. The current study found that most risk fac-
tors of RDS in infants with GA ≥ 33 weeks were 
perinatal pathology factors, such as neonatal 
asphyxia, cesarean deliveries, and placenta 
previa, which lead to decreased PS. Hence, pre-
natal dexamethasone had no clear effects on 
reducing incidence of RDS and improving prog-
nosis. Thus, more clinical evidence is needed 
to determine whether prenatal corticosteroid 
therapy should be used in pregnancies with a 
risk of preterm labor ≥ 33 weeks in China. 
Current results also suggest that the effects of 
prenatal corticosteroid therapy were affected 
by various factors, such as race, heredity, and 
environment. Betamethasone has been used 
in developed countries to prevent RDS, where-

as dexamethasone has been used in China. To 
identify different effects of these two drugs on 
RDS, further clinical trials are necessary. The 
current research found that para time ≥ 2, 
assisted pregnancies, and rupturing of mem-
branes were protective factors against RDS for 
premature infants with GA ≥ 33 weeks, proba-
bly because abnormal prenatal factors could 
be avoided or found as soon as possible. 
Hence, timely intervention can reduce risks.

There were some limitations to the current 
study, however. First, analysis relied on limited 
information collected from hospitals. Stillbirths 
and immature babies born at less than 24 
weeks were excluded. Additionally, some neo-
nates were given up for therapy for economic 
reasons. Mortality and morbidity rates of com-
plications concerning these economic reasons 
could have affected actual morbidity rates. 
Finally, some human bias could not be avoided 
during data collection. Further multi-center 
studies are needed to confirm present results.

In conclusion, mortality and morbidity rates of 
complications in preterm neonates with RDS 
were higher than rates in those without RDS. 
Prenatal dexamethasone could effectively re- 
duce incidence of RDS and improve prognosis 
of preterm neonates with GA < 33 weeks. 
However, no clear effects in preterm neonates 
with GA ≥ 33 weeks were shown, calling for 
future studies to reassess the benefits of pre-
natal dexamethasone in this subgroup of in- 
fants. The use of antenatal steroids in prema-
ture infants was much lower than in developed 
countries. Quality improvement methods sh- 
ould be used to investigate the increasing use 
of antenatal steroids in very preterm births.
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