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ORIGINAL ARTICLE

Birth population survey in Huai’an in 2015: perinatal-neonatal mortality and
preterm birth rate in emerging regions in China
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J. Yangd, S. Lie, K. Zhue, C. Tangf, M. Dongf, Y. Ying, H. Wangg, X. Caoh, J. Zhangh, H. Liui, Z. Xui,
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fDepartments of Pediatrics and Obstetrics, Chuzhou District Hospital, Huai’an, China; gDepartments of Pediatrics and Obstetrics,
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iDepartments of Pediatrics and Obstetrics, Hongze County Hospital, Huai’an, China; jDepartments of Pediatrics and Obstetrics, Jinhu
County Hospital, Huai’an, China

ABSTRACT
Objective: This survey followed the birth population-based study conducted in 2010 in Huai’an,
Jiangsu Province, with the aim to estimate perinatal-neonatal mortality and preterm birth rate in
emerging regions with similar maternal-fetal and neonatal care conditions in China.
Materials and methods: Data of total births in 2015 were prospectively collected by regional
perinatal network collaboration in Huai’an, a subprovincial region with a population of 5,644,500
and gross domestic production of 9082 USD per capita.
Results: The 59,424 birth registries (including 59,023 live births and 167 stillbirths) corresponded
to a birth rate of 10.5‰ and a Male-to-female ratio of 113.7:100. All births there were from 85,
16, and 6 level I, II, and III hospitals, with a delivery rate of 30.4, 40.2, and 29.4%, respectively.
Of all births, 14.1% had pregnancy-associated comorbidities and complications, 54.4% (32,226/
59,190) had cesarean delivery, and multiple pregnancies and birth defects occurred in 2.1%
(1,250) and 5.5‰ (324), respectively. The mean birth weight was 3448±507g with 13.9% being
macrosomia, and 2.86% (1695/59,190) low birth weight. Preterm birth rate was 4.06% (2404/
59,190) with a mortality rate of 8.5%. There were 94.5% recorded as healthy newborns and 5.5%
(3263) requiring hospitalization after birth. The perinatal and neonatal mortality rate was 5.2‰
(167 stillbirths, 139 early neonatal deaths) and 4.0‰, respectively. Compared with the 2010 sur-
vey, these data demonstrated generally improved status of perinatal-neonatal healthcare.
Conclusions: The low rates of perinatal-neonatal mortality, preterm birth and preterm mortality
suggest that the concept and study protocol of perinatal-neonatal healthcare in Huai’an may
serve as the benchmark for estimating regional vital statistics and perinatal and neo-
natal outcomes.
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Introduction

Since the implementation of universal health insur-
ance for rural residents (the New Rural Cooperative
Medical Scheme) in 2010, Chinese maternal-fetal and
neonatal care has undergone a paradigm shift, which
is parallel with the dramatic socioeconomic develop-
ment [1]. Although China remains to be one of the
most populous countries in the world, with a total
population being approximately 1.4 billion, reliable
vital statistics that can be compared with middle-to-
high income countries according to international

standards are scarce [2–8]. Therefore, data on vital sta-
tistics are imperative for quality improvement with
regard to perinatal-neonatal mortality and morbidity,
the incidence and risk factors of neonatal diseases,
and neonatal outcomes [9–11]. In China, current esti-
mation of neonatal mortality rate was based on results
derived from either selective hospital birth registries
or nationwide surveillance system [3–7]. The latter was
established over the past 15 years through a stratified
sampling of hospitals in city districts and rural coun-
ties, with the initial purpose of estimating birth
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defects and mortality rate of children under 5 years of
age [8]. According to the surveillance data, maternal
death rate in China in 2012–2013 was 21.7/100,000,
and the mortality rate of infants and children under
5 years was 8.9 and 11.7‰, respectively, which have
met the World Health Organization millennium devel-
opmental goals [8]. However, huge gaps exist in
informative data as the definitions of fetal death and
stillbirth [2,7], live birth, neonatal death, preterm birth
and death rate, causes and risks of death are incom-
plete or inconsistent. Moreover, official birth registry
for perinatal data generally does not include births
below 28weeks of gestational age (GA). Live births
recorded as stillbirth, inaccurate measurement of ges-
tational age (GA) and birth weight (BW), may hamper
the quality of nationwide vital statistic [2,7,12]. Data
on preterm infants under 28weeks of gestation are
even less due to underreporting in level I and II hospi-
tals and birth facilities in the community.

Our pilot study of complete birth-population in
Huai’an in 2010 was carried out to understand the
healthcare status of critically ill and very preterm neo-
nates, regardless of their access to advanced perinatal-
neonatal care provided by the regional tertiary hospi-
tals [9–11,13–18]. We included all births including
those born at 22–27weeks GA and found that peri-
natal and neonatal mortality was 7.7 and 4.4‰,
respectively, and the GA category to demonstrate a
survival rate of 50% or more was in 28–29weeks
[9,10]. As the 2010 survey was the very first on com-
plete birth population from a subprovincial (prefec-
tural) region, its concept and protocol may be
extrapolated to regions of similar socioeconomic sta-
tus and even nationwide. Thus, the rationale behind
the current study is to assess the reproducibility and
applicability of our methodology.

In this survey, we focused on perinatal and neo-
natal mortality rate and preterm birth and mortality
rate, including fetal death and stillbirths, death at
delivery, and births under 28weeks of GA. As high-risk
pregnancies and neonates are largely centralized to
level II and III hospitals [19,20], follow-up of our 2010
survey would not only provide the most updated
information on perinatal healthcare, but also help to
attest the representativeness and practicability of the
concept and study protocol. We hypothesized that
with widespread universal health insurance coverage
and improved clinical practices, the rate of preterm
births would increase and perinatal and neonatal mor-
tality would decrease as compared with 2010. The
complete birth data file may help to explore the
impact of management of high-risk pregnancies on

fetal growth and death, birth gender imbalance, out-
come of hospitalized infants, and the incidences and
mortalities of major neonatal diseases [1,9–12].

Materials and methods

Birth data were collected from all level I-III hospitals
(85 community/township, 16 county/district and six
municipal) including specified pediatric wards for neo-
natal care (eight in level II and 4 in level III hospitals).
The delivery rate in level I, II, and III hospitals was
approximately 30, 40, and 30%, respectively. All data
were collected through the regional maternal-fetal
and neonatal information system centralized at
Huai’an Women and Children’s Hospital, which served
as coordination center. Directors from all level II and
III hospitals acted as coinvestigators for catchment
community hospitals and clinics [9]. The study proto-
col was approved by the scientific and ethics commit-
tees of the Huai’an Women and Children’s Hospital
and adopted by all participating hospitals in Huai’an.
As data were collected as observational parameters
and no specific intervention was applied, informed
consent from parents/guardians was waived. All
recorded information for births, stillbirths and hospital-
ized neonates from 1 Jan to 31 Dec, 2015 were col-
lected and analyzed at the coordination center.

Definitions of birth and death recordings and
perinatal complications

Live birth, fetal death or stillbirth, and death during
delivery are defined according to the 10th revision of
the international classification of diseases [21]. Briefly,
full term is defined as 37–41 complete weeks of gesta-
tion starting from the first day of last menstrual period.
Preterm birth is defined as infants born at 22–36 com-
plete weeks of GA, and post-term at more than
41weeks of GA. BW was immediately measured (usually
in the first hour) after birth. Low BW (LBW) is defined as
a BW <2500 g, very LBW (VLBW)< 1500 g, extremely
LBW (ELBW)<1000 g, and macrosomia �4000 g. The
perinatal period commences at 22 complete weeks
(154 days) of GA and ends at the seventh postnatal day.
The neonatal period is defined as the first 28 complete
days after birth. As for definitions of death rates, fetal
death is deemed to be synonymous for stillbirth, calcu-
lated as fetal deaths/stillbirth per 1000 total births as
the denominator including live births and fetal deaths/
still births. The fetal death between 22–27weeks were
included if there was no medical indication-related
abortion. Death immediately after birth was defined for
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those requiring delivery room resuscitation but died
within the first few hour of birth, often at the request
of parents to discontinue resuscitation or withhold/
withdraw rescue intervention. Early neonatal mortality
rate refers to neonatal death within the first seven
postnatal days per 1000 live births, including those of
live births died immediate at delivery. Perinatal mortal-
ity rate refers to fetal deaths, stillbirths and early neo-
natal deaths per 1000 total births (including births at
22–27weeks of GA). Neonatal mortality rate refers to
neonatal deaths in the first 28 complete days after birth
per 1000 live births (including births at 22–27weeks of
GA and death at delivery). Preterm death rate was cal-
culated as total numbers of preterm deaths during the
neonatal period (28 postnatal days) divided by total
live births of preterm births. Fetal status, perinatal
comorbidities, birth defects (BD, diagnosed in the early
neonatal period (<7 days)) and major neonatal diseases
are defined according to Fanaroff and Martin [22] and
followed the previous practice [9]. Diagnosis and man-
agement of pregnancy comorbidities and complica-
tions were based on domestic criteria in daily obstetric
practice [10], modified from internationally recognized
definitions [23].

For quality control in our survey, data retrieval and
reporting was routinely evaluated for completeness
and accuracy by the on-site investigators or represen-
tative staffs [9]. Site visiting, telephone or e-mail com-
munication was carried out for the verification and
correction of the data. Data of stillbirths, live births,
hospitalized neonates, and neonates transported to
other tertiary centers, were also matched in the regis-
try for relevant information of hospitalization.

Statistical analysis

All the data and statistical analysis were conducted
through the Epidata database and SPSS software (v.
16.0). Numerical data were presented by mean and SD
or median and interquartile range (IQR) where appro-
priate. One way analysis of variance (ANOVA) was
applied for comparisons of continuous variables
between subset data. Categorical variables were repre-
sented as frequencies or rates, using chi square test
for comparison of differences. A p values < .05 was
considered statistically significant. Missing data for
each variable which ranged in 0.2–0.8% were consid-
ered acceptable.

Results

Over the 12-month study period, we collected infor-
mation on 59,023 live births in 59,494 total births

from 107 participating hospitals, corresponding to a
crude birth rate of 10.5‰ (59,424/5,640,000) with a
male-to-female ratio of 113.7:100 (31,496:27,693)
(Table 1). Mean BW was 3448 ± 507 g with 13.9% being
macrosomia, and LBW infants accounted for 2.86%
(1695/59,190) with a mortality rate of 10.6%. Birth rate
from multiple pregnancies was 2.1% (1,250/59,190). Of
the total births, 324 (5.5‰) were with BD. Cesarean
section rate was 54.4% (32,226/59,190), and the rate
of vaginal delivery was 45.6% (26,964/59,190), includ-
ing 397 with assisted procedures). Tables 2 and 3
show stratified and cumulated data in terms of death
rate and gender based on BW or GA categories,
respectively. Of all births, the preterm rate was 4.06%
(2404/59,190) with a mortality of 8.52%. Preterm birth
rate in level I, II and III hospitals was 0.6, 2.7 and 9.5%,
respectively. The mortality rate for late preterm (GA
33–36weeks), early term (37–38weeks), full term
(39–41weeks) and post term was 3.95% (77/1946),
1.75% (67/13,108), and 2‰ (86/43,628), respectively.
The cumulated survival rate in neonates with GA <28
and <32weeks was 45.8 and 65.2%, and for those of
ELBW and VLBW, 18.4 and 63.2%, respectively. A sur-
vival rate of �50% was seen in those with GA at 27
and 28weeks (in combination) and BW at 1000þ g
(strata), respectively. Gender difference was more
prominent with increasing order of parity, with male-
to-female ratio being 1.09, 1.21, and 1.56 for the first,
second and third or more parity, respectively.
Gravidity of 1, 2, 3, 4, and 5 or higher constitute 40.6,
34.7, 14.5, 6.8, and 3.5% of the total births,
respectively.

In the current survey, within 24 h after birth, 3263
(5.53%) infants were admitted to network neonatal/
pediatric wards, whereas >94% were discharged
home after 1–2 days of stay at obstetric wards. A
reduction in fetal death/stillbirth, deaths immediately
after birth, and early neonatal deaths (within seven
postnatal days) was observed. The perinatal and
neonatal mortality rate was 5.2‰ (306/59,190,
including 167 stillbirths, 139 early neonatal deaths)
and 3.0‰ (180/59,023), respectively. Differences
between the two surveys are compared in Table 4.
The perinatal mortality, neonatal mortality and pre-
term birth rate remained low in the two epochs.
The proportion of very preterm births below
32weeks increased by 27% (0.28 versus 0.37%) but
a modest increase of VLBW (0.50 versus 0.53%),
between 2010 and 2015. In 2015, the preterm birth
rate remained low at approximately 4%, with
40–60% reduction in preterm mortality rate in each
GA category. The 2010 survey may underestimate

THE JOURNAL OF MATERNAL-FETAL & NEONATAL MEDICINE 3



the true incidence of pregnancy associated comor-
bidities and complications due to incomplete report-
ing from lower level hospitals. In 2015, there were
marked increase in the incidence of hypertension,
premature rupture of membrane, moderate-to-severe
anemia, and gestational diabetes mellitus, which
coincided with the decreasing deliveries at level I
hospitals corresponding to increase of deliveries at
the level II and III hospitals.

Discussion

As compared to the 2010 survey, this study demon-
strated a decrease in the rate and absolute number of
births, a decline in male-to-female gender ratio, and
enhanced awareness of high-risk pregnancies follow-
ing the implementation of insurance policy and
accompanying source relocation in prenatal care and
delivery facilities of the region. Data from this survey

Table 1. Comparison of perinatal and demographic birth data between genders from total births and live births in 2015 survey
from Huai’an, Jiangsu, China.
Variables Male Female Total births p values

Total births, n (%) 31,496 (53.2) 27,693 (46.8) 59,189
GA, weeks 39.0 ± 1.6 39.2 ± 1.5 39.1 ± 1.5 .436
Total live births, n (%) 31,403 (53.2) 27,619 (46.8) 59,022 (99.7) .521
Preterm birth rate 1377 (4.4) 1027 (3.7) 2404 (4.1) <.001
<32 weeks 191 (0.6) 125 (0.5) 316 (0.5) <.001
<28 weeks 33 (0.1) 15 (0.1) 48 (0.1) <.001

BW, grams 3497 ± 514 3393 ± 493 3448 ± 507 <.001
LBW 842 (2.7) 852 (3.1) 1694 (2.9) .003
VLBW 124 (0.4) 99 (0.4) 223 (0.4) <.001
ELBW 22 (0.1) 16 (0.1) 38 (0.1) <.001
Macrosomia 5145 (16.3) 3082 (11.1) 8227 (13.9) <.001

Multibirth rate 603 (1.9) 647 (2.3) 1250 (2.1) <.001
Cesarean section 17,506 (55.6) 14,720 (53.2) 32,226 (54.4) <.001
Pregnant comorbidities and complications 4368 (13.9) 3960 (14.3) 8328 (14.1) .132
Pregnant hypertension 1520 (4.8) 1400 (5.1) 2920 (4.9) .198
PROM 2880 (9.1) 2387 (8.6) 5267 (8.9) .025
Pregnant anemia 2363 (7.5) 2121 (7.7) 4484 (7.6) .473
GDM 493 (1.6) 411 (1.5) 904 (1.5) .422

Antenatal corticosteroids� 484 (36.5) 360 (36.7) 844 (36.6) .919
Maternal age, years old 26.9 ± 4.8 26.9 ± 4.9 26.9 ± 4.8 .549
Amniotic fluid volume <.001
Normal 26,640 (84.6) 23,721 (85.7) 50,361 (85.1)
Polyhydramnios 2455 (7.8) 1733 (6.3) 4188 (7.1)
Oligohydramnios 2401 (7.6) 2239 (8.1) 4640 (7.8)

Amniotic fluid contamination .001
Normal 27,273 (86.6) 23,798 (85.9) 51,071 (86.3)
Grade I 1561 (5.0) 1363 (4.9) 2924 (4.9)
Grade II 1191 (3.8) 1031 (3.7) 2222 (3.8)
Grade III 1471 (4.7) 1501 (5.4) 2972 (5.0)

Apgar score
1-min �7 888 (2.8) 682 (2.5) 1570 (2.7) .007
1-min �3 202 (0.6) 144 (0.5) 346 (0.6) .020
5-min �7 314 (1.0) 240 (0.9) 554 (0.9) .100
5-min �3 159 (0.5) 134 (0.5) 293 (0.5) .125

Congenital anomalies 196 (0.6) 127 (0.5) 323 (0.55) .007
Fetal death and stillbirth 93 (0.3) 74 (0.3) 167 (0.3) .521
Deaths at deliverya 115 (0.4) 83 (0.3) 198 (0.3) .169
Immediately after birth 22 (0.07) 9 (0.03) 31 (0.05) .048

Early neonatal deathsb 91 (0.3) 47 (0.2) 138 (0.2) .003
Late neonatal deathsc 20 (0.1) 21 (0.1) 41 (0.1) .569
All deathsd 210 (0.7) 146 (0.5) 357 (0.6) .019
Hospitalized rate
In the first postnatal day 1796 (5.7) 1467 (5.3) 3263 (5.53) .037
Within 28 postnatal days 4633 (14.7) 3565 (12.9) 8198 (13.9) <.001
Deaths in hospitalization 82 (0.3) 54 (0.2) 136 (0.2) .097

Values are presented as number and percentage (% of male, female or total births, respectively) or mean ± standard deviation (SD);
p values are for comparison between corresponding male and female value sets.
Abbreviations: BW: birth weight; LBW: Low BW, <2,500 g; VLBW: Very LBW, <1,500 g; ELBW: Extremely LBW, <1,000 g; PROM: premature rupture of
membrane, in which 12.9% were preterm; GDM: gestational diabetes mellitus.�Data contain preterm births at 25–36 complete weeks of gestation.
aIncluding fetal deaths/stillbirth (n¼ 167) and neonatal deaths immediately after delivery but counted as live births (n¼ 31).
bIncluding live births died in the first 7 days, and one whose gender was unclear.
cIncluding live births died in 8–28 days after delivery.
dIncluding fetal deaths/stillbirth and live births died shortly after birth, and one died within 7 days of postnatal life with ambiguous gender.
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Table 2. Birthweight (BW) associated gestational age (GA), death rate, and gender of all births.
BW

Cumulated n (%) GA week Cumulated GA, week Death n (%) Cumulated deaths n (%) Male n (%)g n (%)

500 2 2 25.0 ± 0 25 ± 0 2 2 1 (50.0)
600 5 7 26.0 ± 0 25.7 ± 0.5 5 7 4 (80.0)
700 4 11 27.8 ± 1.0 26.5 ± 1.2 4 11 1 (25.0)
800 12 23 27.5 ± 1.9 27.0 ± 1.7 11 (91.7) 22 (95.7) 6 (50.0)
900 15 38 (0.1) 29.2 ± 4.2 27.9 ± 3.1 9 (60.0) 31 (81.6) 10 (66.7)
1000 34 (0.1) 72 (0.1) 29.9 ± 3.7 28.9 ± 3.5 16 (47.1) 47 (65.3) 22 (64.7)
1100 27 (0.0) 99 (0.2) 29.3 ± 2.8 29.0 ± 3.3 10 (37.0) 57 (57.6) 14 (51.9)
1200 40 (0.1) 139 (0.2) 31.9 ± 4.6 29.8 ± 4.0 12 (30.0) 69 (49.6) 26 (65.0)
1300 36 (0.1) 175 (0.3) 30.9 ± 3.4 30.0 ± 3.9 4 (11.1) 73 (41.7) 17 (47.2)
1400 48 (0.1) 223 (0.4) 31.4 ± 3.3 30.3 ± 3.8 9 (18.8) 82 (36.8) 23 (47.9)
1500 75 (0.1) 298 (0.5) 32.1 ± 3.2 30.8 ± 3.7 15 (20.0) 97 (32.6) 43 (57.3)
1600 53 (0.1) 351 (0.6) 33.0 ± 2.5 31.1 ± 3.7 4 (7.5) 101 (28.8) 33 (62.3)
1700 62 (0.1) 413 (0.7) 32.2 ± 2.5 31.3 ± 3.5 9 (14.5) 110 (26.6) 33 (53.2)
1800 85 (0.1) 498 (0.8) 33.7 ± 2.6 31.7 ± 3.5 5 (5.9) 115 (23.1) 49 (57.6)
1900 106 (0.2) 604 (1.0) 34.1 ± 2.6 32.1 ± 3.5 12 (11.3) 127 (21.0) 57 (53.8)
2000 180 (0.3) 784 (1.3) 34.6 ± 2.9 32.7 ± 3.5 17 (9.4) 144 (18.4) 86 (47.8)
2100 165 (0.3) 949 (1.6) 35.6 ± 2.4 33.2 ± 3.5 8 (4.8) 152 (16.0) 78 (47.3)
2200 201 (0.3) 1150 (1.9) 36.0 ± 2.4 33.7 ± 3.5 11 (5.5) 163 (14.2) 93 (46.3)
2300 239 (0.4) 1389 (2.3) 36.4 ± 2.1 34.1 ± 3.5 8 (3.3) 171 (12.3) 100 (41.8)
2400 306 (0.5) 1695 (2.9) 36.7 ± 2.2 34.6 ± 3.4 8 (2.6) 179 (10.6) 146 (47.7)
2500 663 (1.1) 2358 (4.0) 37.6 ± 1.9 35.4 ± 3.3 16 (2.4) 195 (8.3) 301 (45.4)
2600 728 (1.2) 3086 (5.2) 37.8 ± 1.8 36.0 ± 3.2 13 (1.8) 208 (6.7) 342 (47.0)
2700 961 (1.6) 4047 (6.8) 38.1 ± 1.6 36.5 ± 3.0 5 (0.5) 213 (5.3) 434 (45.2)
2800 1375 (2.3) 5422 (9.2) 38.4 ± 1.5 37.0 ± 2.9 10 (0.7) 223 (4.1) 624 (45.4)
2900 1886 (3.2) 7308 (12.3) 38.6 ± 1.4 37.4 ± 2.7 12 (0.6) 235 (3.2) 808 (42.8)
3000 4189 (7.1) 11,497 (19.4) 38.8 ± 1.3 37.9 ± 2.4 20 (0.5) 255 (2.2) 1910 (45.6)
3100 3586 (6.1) 15,083 (25.5) 39.0 ± 1.1 38.2 ± 2.2 8 (0.2) 263 (1.7) 1716 (47.9)
3200 4605 (7.8) 19,688 (33.3) 39.1 ± 1.1 38.4 ± 2.0 9 (0.2) 272 (1.4) 2211 (47.9)
3300 4616 (7.8) 24,304 (41.1) 39.2 ± 1.1 38.5 ± 1.9 6 (0.1) 278 (1.1) 2300 (49.8)
3400 4949 (8.4) 29,253 (49.4) 39.2 ± 1.1 38.7 ± 1.8 9 (0.2) 287 (1.0) 2532 (51.2)
3500 6474 (10.9) 35,727 (60.4) 39.3 ± 1.0 38.8 ± 1.7 13 (0.2) 300 (0.8) 3454 (53.4)
3600 4957 (8.4) 40,684 (68.7) 39.3 ± 1.1 38.8 ± 1.7 13 (0.3) 313 (0.8) 2856 (57.6)
3700 4024 (6.8) 44,708 (75.5) 39.5 ± 1.0 38.9 ± 1.6 5 (0.1) 318 (0.7) 2288 (56.9)
3800 3531 (6.0) 48,239 (81.5) 39.5 ± 1.0 38.9 ± 1.6 7 (0.2) 325 (0.7) 2051 (58.1)
3900 2724 (4.6) 50,963 (86.1) 39.5 ± 1.0 39.0 ± 1.6 11 (0.4) 336 (0.7) 1682 (61.7)
4000 3008 (5.1) 53,971 (91.2) 39.6 ± 1.0 39.0 ± 1.6 7 (0.2) 343 (0.6) 1813 (60.3)
4100 1527 (2.6) 55,498 (93.8) 39.7 ± 1.0 39.0 ± 1.6 3 (0.2) 346 (0.6) 957 (62.7)
4200 1230 (2.1) 56,728 (95.8) 39.6 ± 1.0 39.0 ± 1.5 2 (0.2) 348 (0.6) 787 (64.0)
4300 696 (1.2) 57,424 (97.0) 39.7 ± 1.0 39.0 ± 1.5 2 (0.3) 350 (0.6) 421 (60.5)
4400 533 (0.9) 57,957 (97.9) 39.6 ± 1.1 39.0 ± 1.5 1 (0.2) 351 (0.6) 355 (66.6)
4500 450 (0.8) 58,407 (98.7) 39.6 ± 1.1 39.1 ± 1.5 1 (0.2) 352 (0.6) 292 (64.9)
�4600 783 (1.3) 59,190 (100) 39.6 ± 1.1 39.1 ± 1.5 6 (0.8) 358 (0.6) 520 (66.4)
[>4100 5219 (8.8) 59,190 (100) 39.6 ± 1.1 39.1 ± 1.5 15 (0.3) 358 (0.6) 3332 (63.8)]

All values are given in numbers and percentage (%) or means ± SD. In each stratified BW category, 500- denotes a range of 500–599, and so forth.

Table 3. Gestational age (GA) associated birthweight (BW), death rate, and gender of all births.
GA Cumulated BW Cumulated Deaths

Cumulated deaths, n (%)
Male

Weeks n (%) n (%) g BW, g n (%) n (%)

25 3 3 633 ± 144 633 ± 144 3 3 2 (66.7)
26 19 22 861 ± 189 830 ± 197 12 (63.2) 15 (68.2) 12 (63.2)
27 26 48 (0.1) 1128 ± 214 992 ± 253 11 (42.3) 26 (54.2) 19 (73.1)
28 57 (0.1) 105 (0.2) 1296 ± 383 1157 ± 363 29 (50.9) 55 (52.4) 34 (59.6)
29 60 (0.1) 165 (0.3) 1484 ± 460 1276 ± 429 24 (40.0) 79 (47.9) 32 (53.3)
30 61 (0.1) 226 (0.4) 1582 ± 374 1358 ± 436 19 (31.1) 98 (43.4) 38 (62.3)
31 90 (0.2) 316 (0.5) 1730 ± 339 1464 ± 443 12 (13.3) 110 (34.8) 54 (60.0)
32 142 (0.2) 458 (0.8) 1983 ± 448 1625 ± 505 18 (12.7) 128 (27.9) 81 (57.0)
33 197 (0.3) 655 (1.1) 2101 ± 436 1768 ± 532 12 (6.1) 140 (21.4) 130 (66.0)
34 284 (0.5) 939 (1.6) 2372 ± 433 1951 ± 575 16 (5.6) 156 (16.6) 147 (51.8)
35 485 (0.8) 1424 (2.4) 2561 ± 459 2158 ± 611 23 (4.7) 179 (12.6) 276 (56.9)
36 980 (1.7) 2404 (4.1) 2839 ± 481 2436 ± 654 26 (2.7) 205 (8.5) 552 (56.3)
37 3270 (5.5) 5674 (9.6) 3185 ± 490 2868 ± 675 26 (0.8) 231 (4.1) 1970 (60.2)
38 9838 (16.6) 15,512 (26.2) 3379 ± 451 3192 ± 597 41 (0.4) 272 (1.8) 5713 (58.1)
39 19,805 (33.5) 35,317 (59.7) 3483 ± 433 3355 ± 531 40 (0.2) 312 (0.9) 10572 (53.4)
40 17,224 (29.1) 52,541 (88.8) 3562 ± 429 3423 ± 509 34 (0.2) 346 (0.7) 8755 (50.8)
41 6022 (10.2) 58,563 (98.9) 3646 ± 432 3446 ± 507 10 (0.2) 356 (0.6) 2807 (46.6)
42 577 (1.0) 59,140 (99.9) 3687 ± 485 3448 ± 507 2 (0.3) 358 (0.6) 277 (48.0)
>42 50 (0.1) 59,190 (100) 3569 ± 441 3448 ± 507 0 358 (0.6) 25 (50.0)

Each GA week category denotes a complete week, e.g. 25- is for 25�–256 week, or 25 0/7 to 25 6/7week, and so forth.
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revealed that in Huai’an city, birth rate dropped from
11.47‰ in 2010 to 10.5‰ in 2015 despite a steady
increase in the regional total population. In the mean-
time, national birth rate was estimated to be 12.06‰
from 1.375 billion population [24], at the wake of the
release of second-child policy. These two epochs have
seen dramatic socioeconomic changes with regard to
GDP (Table 4), urbanization, universal health insurance
coverage, which may have profoundly narrowed the
differences between urban and rural areas in terms of
maternal-neonatal healthcare [9,10]. Furthermore, both
perinatal and neonatal mortality continued to decline,
reaching a relatively low level commensurable with
the regional socioeconomic development. The
strength of our data lies on the efficiency of regional
perinatal care, as mothers from rural residency and
bearing children at high age are prone to pregnant
comorbidity and complication. Another significant
aspect is a higher incidence of pregnancy-associated
comorbidities and complications than in the 2010 sur-
vey. Given the enhanced proportion of high-level birth
facilities, more advanced level of maternal education
and almost unchanged maternal age distribution in
2015, the increased incidence of pregnancy-associated
complications is probably due to an increased aware-
ness of mothers and improved prenatal care provided
by birth facilities. Improved neonatal outcomes in
2015 are partly due to highly concentrated deliveries
at level II and III hospitals and a higher proportion of
mothers with an education >9 years, compared to
2010 survey (Table 4). In addition, advanced neonatal
healthcare in the form of intensive care were more
timely accessible and affordable with enhanced insur-
ance coverage.

Despite being a small proportion in the total births,
preterm births account disproportionately for the
majority of perinatal and neonatal morbidity and mor-
tality. Infants who are small for GA are high risk popu-
lation [25]. Our data revealed a persistently low rate of
preterm birth and mortality around 4 and 8%, respect-
ively, compared to the previous national vital statistics
[3–6,8]. Our vital statistics are different from those of
industrialized countries [26,27], which demonstrated
an approximately 2–3 times higher rate of preterm
births. Notably, there has been an increasing preterm
births and admissions in many domestic tertiary
maternity centers in China in recent years [28].
However, these data may not represent true preterm
birth rate in total births. A recent report from a lead-
ing tertiary maternity center in Shanghai revealed a
preterm birth rate of 7% (1.66 and 5.35% in those

�34 and 35–36 gestational weeks, respectively) out of
62,000 deliveries in 2013–2016 [29], which in turn cor-
roborated our findings that a preterm birth rate of
approximately 4% from all level I-III services may be
representative for emerging regions in China. Given
that urbanization with a high socioeconomic status is
still underway in China and the annually total births
were around 17 million in 2015–2017 [11], an esti-
mated 4% preterm birth rate as shown by our survey
could be translated to approximately 700,000 preterm
births per year. Additionally, the corresponding peri-
natal deaths are estimated to be 100,000–120,000
(6–7‰), with half of them being fetal deaths or still-
births and the other half being early neonatal deaths.
Neonatal deaths in national annual births (16.5–17 mil-
lions) may be 85,000–100,000 (5–6‰), and 50,000 or
50–60% of them are attributable to preterm births,
with the mortality rate of preterm infants being
approximately 9–10% [1,12]. These figures are deemed
to be much closer to the actual vital statistics status in
China, especially in emerging regions, than those
demonstrated by previous national surveillance sam-
ples [3–8].

The concept and study protocol used in the survey
are aimed to maximize the inclusion of births and
neonates who have limited access to advanced peri-
natal healthcare [9–11,13–17]. Following our survey in
2010, we have taken great effort to ensure the effi-
ciency and accuracy of data collection, including the
improvement of database to facilitate data input,
enhanced registry matches between maternal hospi-
tals and neonatal wards to reduce missing data, and
the training of healthcare professionals to better dif-
ferentiate stillbirth/fetal death from early neonatal
death occurring immediately after birth. We therefore
speculate that this survey may have profound signifi-
cance in estimating the status of perinatal-neonatal
care and the burden of preterm births in China and
comparing it with other regions worldwide. By means
of birth population-based survey, detailed information
on BD, gender imbalance, administration of nonmedi-
cally indicated cesarean delivery, resuscitation for neo-
nates with birth asphyxia, and interventions to reduce
preterm birth and mortality rate can be provided.
These data are also pertinent to regional demographic
characteristics and health insurance policies of public
health over the two epochs. Therefore, our data, con-
cept and protocol may serve as benchmark for future
large-scale studies extending to other regions in China
in order to unravel the vital statistics on Chinese new-
borns [1,12].
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Table 4. Comparison of total birth data in Huai’an between 2010 and 2015 surveys.
2010 2015

Population, n 5,340,000 5,644,500
Huai’an GDPa 24,625 (3648) 56,575 (9083)
National average GDPa 30,876 (4574) 50,251 (8040)
Hospital numbers, n (% of deliveries)
Level I 129 (52.3) 85 (30.4)
Level II 15 (32.6) 16 (40.2)
Level III 7 (15.1) 6 (29.4)

Total birthsc, n 61,227 59,424
Birth rate,& 11.47 10.53
Total live births, n (% of total births) 60,986 (99.6) 59,023 (99.7)
Male/female, n/n (%) 32,406/27,874 (116) 31,496/27,693 (113.7)
Gestational age, weeks 39.6 ± 1.5 39.1 ± 1.5
Births on stratified gestational agec [60,264] [59,190]
<28 weeks 32 (0.05) 48 (0.08)
28–31 weeks 270 (0.45) 268 (0.45)
32–36 weeks 1937 (3.21) 2088 (3.5)
37–38 weeks 10,857 (18.02) 13,108 (22.1)
39–41 weeks 45,474 (75.46) 43,051 (72.7)
>41 weeks 1694 (2.81) 627 (1.06)

Preterm birthsb, n (%) 2239 (3.72) 2404 (4.06)
Preterm deaths 166 (7.40) 205 (8.5)
Birth weight, g 3441 ± 491 3448 ± 507
Births on stratified birth weightc [60,372] [59,190]
<1000 g 28 (0.05) 38 (0.06)
1000–1499 g 126 (0.21) 185 (0.31)
1500–2499 g 1537 (2.55) 1472 (2.5)
2500–4000 g 50,450 (83; 57) 49,268 (83.2)
>4000 g 8231 (13.63) 8227 (13.9)

Multiple births 1082 (1.80) 1250 (2.1)
Birth defects 411 (0.68) 324 (0.55)
Cesarean delivery 31,814 (52.9) 32,226 (54.4)
Pregnant comorbidities and
Complicationsb 6010 (10.0) 8328 (14.1)
Hypertension 1012 (1.68) 2920 (4.9)
Premature rupture of membrane 3264 (5.41) 5267 (8.9)
Anemia 744 (1.23) 4522 (7.6)
Moderate (Hb 6–8 g/100mL) NA 4484 (7.5)
Severe (Hb <6 g/100mL) NA 38 (0.06)

Gestational diabetes mellitus 85 (0.14) 904 (1.5)
Maternal age, years 25.9 ± 5.1 26.9 ± 4.85
<20 1490 (2.5) 1970 (3.3)
20–34 53,654 (89.1) 52,304 (88.3)
�35 5065 (8.4) 4916 (8.3)

Maternal education
<7 years (elementary) 6249 (11.1) 6526 (11.0)
7–9 years (primary/middle) 39,702 (70.5) 29,925 (50.6)
10–12 years (secondary/professional) 5932 (10.6) 10,941 (18.4)
>12 years (colleges, universities, postgraduate degrees) 4396 (7.8) 11,798 (19.9)

Hospitalized neonates, n (% of live births) 6872 (11.3) 8198 (13.9)
Deaths in the hospitalized neonates 163 (2.37) 136 (1.66)
Fetal deaths and stillbirths, n (&) 241 (3.9) 167 (2.8)
Early neonatal deaths, n (&) 230 (3.8) 138 (2.3)
Death immediately after birth, n (&) 106 (1.7) 31 (0.5)
Late neonatal deaths, n (&) 39 (0.6) 41 (0.7)
Perinatal mortalityd, n (&) 471 (7.7) 306 (5.2)
<28 weeks 27 (84.4) 21 (43.8)
28–32 weeks 151 (35.8) 94 (22.9)
33–36 weeks 91 (5.1) 74 (3.7)
37–38 weeks 61 (0.6) 52 (0.3)
39–41 weeks 115 (0.3) 64 (0.1)
>41 weeks 10 (0.6) 1 (0.2)

Neonatal mortalitye, n (&) 269 (4.4) 180 (3.0)
<28 weeks 10 (71.4) 20 (41.7)
28–32 weeks 70 (19.3) 37 (9.0)
33–36 weeks 40 (2.3) 30 (1.5)
37–38 weeks 27 (0.2) 32 (0.2)
39–41 weeks 67 (0.1) 60 (0.1)
>41 weeks 7 (0.4) 1 (0.2)

All the data in 2010 were derived from reference 9 with modification (by Sun L). Values are presented as mean ± SD or n (%) unless
otherwise indicated.
aValues are presented as Chinese Yuan (US dollar) with data source from www.stats.goc.cn.
bEach case may have more than one comorbidity/complication.
cIncluding fetal death, stillbirth, neonatal death immediately after birth, and neonatal death within 7 days of postnatal life.
dIn each category of gestational week range, values are n (% of corresponding total births).
eValues are early and late neonatal deaths; in each category of gestational week range, values are n (% of corresponding live births).
The sum of the death numbers from the gestational categories of perinatal and neonatal mortality in 2010 does not match that of the
corresponding total perinatal or neonatal mortalities because those lacked gestational age were excluded.
GDP: domestic gross production per capita; Hb: hemoglobin; NA: values are not available.
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The main limitations of the study include unsatis-
factory collection of data on pregnancy-related mater-
nal complications due to a low rate of maternal
prenatal visits, although there is improvement in this
aspect as compared with the 2010 survey. Despite a
declined rate of cesarean delivery in 2015, nonmedi-
cally indicated cesarean deliveries were not signifi-
cantly changed. Being small for gestation is an
important high risk factor for the outcome, especially
neonatal morbidity and mortality [25], but fetal
growth restriction has not been adequately investi-
gated yet. Moreover, maternal infection and chorioam-
nionitis were not presented as major complications of
pregnancy, rather will be analyzed with hospitalized
newborn infants in secondary analysis. Although the
rate of nonmedically indicated cesarean deliveries was
not reduced in 2015, cesarean deliveries continued to
fall below 45% based by our surveillance data until
2016–2017 (unpublished).

In conclusion, these regional birth population-based
data demonstrated improved perinatal and neonatal
care in Huai’an in 2015. Our concept and protocol of
conducting regional population-based surveys are
robust and may be applied to emerging regions in
China with both intermediate levels of socioeconomic
status and maternal-neonatal healthcare.
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