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Abstract

Background: Preterm complications and neonatal asphyxia are the leading
causes of death in those under 5 years of age. However, little information ex-
ists for the province of Henan, China. The purpose of this study was to explore
changes in the live birth profile in a provincial hospital over the past 32 years in
Henan, China.

Methods: A retrospective analysis was conducted to reveal the characteristics of
live neonates from 1987 to 2018.

Results: There were 118 253 live births during the period, including 19 798
(16.74%) preterm births. The neonatal death rate was 6.45%., and the top risk
factor was preterm birth complications and birth asphyxia. Before 1998, neonatal
death occurred primarily among term infants. Between 1999 and 2018, preterm
infants, especially extreme and very preterm infants with very low birthweight,
constituted more than half of all mortalities, and the preterm birth rate increased
from 5.94% in 1999 to 16.69% in 2018. The risk factors associated with preterm
birth were being male (aOR = 1.18, P < 0.001), advanced maternal age (>35 years
old; aOR = 1.08, P = 0.008), gravidity >2 (aOR = 1.15, P < 0.001), parity >2
(aOR = 1.50, P < 0.001), placenta previa (aOR = 7.41, P < 0.001), twin or multi-
ple births (aOR = 10.63, P < 0.001), hypertension (aOR = 2.08, P < 0.001), and
rupture of membrane (aOR = 5.03, P < 0.001).

Conclusions: The preterm birth rate has increased over the past 32 years from
4.98% to 16.69% in a provincial hospital in China. Preterm birth was the leading
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in term infants.
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1 | INTRODUCTION
Over the past two decades, substantial political, economic,
and research efforts have been made to reduce child mor-
tality, and a total of 195 countries and territories have
seen declining rates of communicable, neonatal, and nu-
tritional diseases between 1980 and 2016." However, even
as recently as 2016, the three leading causes of death in
children under 5 years were lower respiratory infections,
neonatal preterm birth complications, and neonatal en-
cephalopathy because of birth asphyxia and trauma, and
together, these result in about 1.8 million deaths each
year.! China has made great progress in reducing child
mortality, with a 37% decline from 2009 to 2015% however,
the neonatal death rate is still higher than in high-resource
countries.' The leading causes of neonatal deaths in China
are preterm birth complications, birth asphyxia, congenital
abnormalities, and pneumonia.” Preterm birth is respon-
sible for one third of neonatal deaths and nearly one half
of all cases of congenital neurologic disability, including
cerebral palsy.” Furthermore, the preterm birth rate has
been increasing in most countries, and China has the sec-
ond highest number of preterm infants born each year.®
The aim of this investigation was to analyze temporal
changes in live births from 1987 to 2018, including preterm
birth, birth asphyxia, and neonatal death, in one provin-
cial hospital in Henan—the largest province in China
with a population of more than 100 million. We aimed to
identify the factors that influence neonatal death and to
use findings to develop strategies to reduce the incidence
of neonatal death and to improve neurological outcomes
in high-risk infants.

2 | MATERIALS AND METHODS

This was a retrospective study using data from January
1987 to December 2018 to identify changes in live births.
The study was based on data from the hospital registration
system and the Medical Service Department of the hospi-
tal. We checked and extracted the maternal characteristics
and obstetric information manually because both paper
and electronic records were used during the study pe-
riod. The recorded information was anonymized and de-
identified before analysis, and the analysis was approved

reason for neonatal death, and birth asphyxia was the major risk factor for death

live birth, neonatal death, preterm birth, risk factors

by the ethics committee of the hospital and was exempted
from the need for informed consent. Data included only
live infants and excluded stillbirths with no sign of life
during labor or delivery, and we did not include newborns
transferred from other hospitals after the delivery. For the
purposes of this study, live birth was defined as a newborn
showing any sign of life (breathing, beating of the heart,
pulsation of the umbilical cord, or definite movement of
voluntary muscles irrespective of the duration) at any ges-
tational age after birth. Neonatal death was defined as the
death of a newborn occurring during the first 28 days of
life (0-27 days) after a live birth. The data collected from
each fiscal year included sex, birthweight, gestational age,
single or multiple births, maternal age, and delivery type.

Gestational age was estimated from the last men-
strual period and/or by ultrasound. Preterm birth was
defined as a neonatal born alive before 37 completed
weeks of pregnancy. The subcategories of preterm birth
were defined based on gestational age and included ex-
tremely preterm (less than 28 weeks), very preterm (28-
32 weeks), moderately preterm (32-34"° weeks), and late
preterm (35-36"® weeks). Newborns were also classified
according to their body weight at birth as very low birth-
weight (<1500 g), low birthweight (1501-2500 g), normal
birthweight (2501-4000 g), or macrosomic (>4000 g).”
Delivery modes were divided into vaginal delivery and
cesarean birth.

Hypertension included chronic hypertension (blood
pressure >140/90 mm Hg) and pregnancy-induced hy-
pertension (elevated blood pressure after 20 weeks of
pregnancy), and preeclampsia was diagnosed by the pres-
ence of hypertension plus the new onset of any one of the
following: thrombocytopenia, renal insufficiency, liver
dysfunction, pulmonary edema, or cerebral or visual dis-
turbances. Rupture of membranes referred to a rupture of
the amniotic sac, and prolonged rupture of membranes
referred to durations longer than 18 hours before deliv-
ery. Gestational diabetes mellitus (GDM) was defined as
any degree of glucose intolerance (fasting plasma glu-
cose >5.9 mmol/L or 1 h postprandial whole blood glu-
cose >7.8 mmol/L) with onset or first recognition during
pregnancy.g'10

SPSS software (version 19.0) was used for data analy-
sis. Quantitative data are presented as means + SD and
were analyzed by one-way ANOVA. A confounding factor
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is a variable that influences both the dependent variable
and independent variable, causing spurious association.
Intermediate variables occur in a causal pathway from
a causal (independent) variable to an outcome (depen-
dent) variable. Following the literature, univariate and
multivariable logistic regression analysis was performed
to identify possible risk factors of preterm birth, includ-
ing gender, maternal age, gravidity, parity, hypertension,
rupture of membrane, placenta previa, GDM, and multi-
ple births. Risk factors were selected when P < 0.1 in the
univariate logistic regression model, and the limit of sta-
tistical significance was P < 0.05.

3 | RESULTS
3.1 | The basic characteristics of live
births

From January 1987 to December 2018, there were 118 253
live infants delivered at the hospital (Figure 1A), includ-
ing 64 023 (54.14%) males and 54 230 (45.86%) females
(mean annual male/female ratio of 1.18:1, with a range of
1.03:1 to 1.34:1). The average birthweight decreased from
3227 g + 281 g for males and 3268 g + 428 g for females
in 1987 to 3190 g &+ 697 g and 3076 g + 687 g, respectively,
in 2018 (P < 0.001). The mean gestational age decreased
from 40.08 weeks +1.22 weeks in 1987 to 38.47 weeks
+2.65 weeks in 2018 (P < 0.001). There were 19 798 pre-
term infants (16.81%) born during the study period, and
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57.31% of these preterm births were males. The preterm
birth rate (<37 weeks) increased from 4.42% in 1987 to
21.30% in 2007, remained at 21.00% between 2007 and
2013, and then decreased to 18.28% in 2018 (Figure 1B).
Notably, there was an increase in preterm births for new-
borns less than 32 gestational weeks or with very low
birthweight (<1500 g) starting in 2007 (Figure 1C,D). The
percentage of twin or multiple births increased from 1.35%
in 1987 to 8.48% in 2018 (P < 0.001; Figure 1E).

3.2 | Risk factors for preterm birth
There were 19 798 preterm infants born during the study
period, which made up 16.74% of the total live births.
Among the preterm infants, 39.00% of them were late pre-
term, 35.70% were moderate preterm, and 25.30% were
very or extremely preterm. The total rate of transfer from
delivery ward to neonatal ward was 62.90% for preterm
infants, 70.06% for very preterm infants, 73.31% for mod-
erate preterm infants, and 45.33% for late preterm infants.
For term infants, the rate was only 4.71%.

The preterm birth rate was slightly higher in male than
in female infants from 1987 to 2018 (Figure 2A, OR = 1.18
[95% CI: 1.13-1.22], P < 0.001). Women over 35 years of
age had greater chances of having preterm infants com-
pared with mothers under 35 years old (25.93% vs 4.14% in
1987 and 20.45% vs 17.54% in 2018, Figure 2B, 1.31 [1.25-
1.28], P < 0.001). The preterm birth rates were 3.20% and
14.90% in 1987 and 2018 in mothers with a first pregnancy,

T <32 weeks

P00

Number of live birth

1988 1993 1998 2003 2008 2013 2018
8009 <1500¢
6004
400

200 1

Number of live birth

1988 1993 19982003 2008 2013 2018

15 1
12
9

6

344
0

Twin/multiple births (%) &

1988 1993 19982003 2008 2013 2018

FIGURE 1 The live birth profile changes from 1987 to 2018. A, The absolute number of live births in the hospital each year. B, The
preterm birth rate (<37 weeks). C and D, The numbers of very preterm infants (<32 weeks) and infants with very low birthweight (<1500 g)

in each year. E, The percentage of twin or multiple births
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FIGURE 2 The preterm birth rate by different risk factors from 1987 to 2018. A, The preterm birth rate in male and female infants

(OR =1.18,95% CI: 1.13-1.22, P < 0.001). B, The preterm birth rate in mothers <35 years and mothers >35 years (1.31 [1.25-1.28], P < 0.001).
C, The preterm birth rate by gravidity (1.36 [1.31-1.41], P < 0.001). D, The preterm birth rate in mothers with or without hypertension (1.83
[1.76-1.89], P < 0.001). E, The preterm birth rate by different parity (2.21 [1.97-2.48], P < 0.001). F, The preterm birth rate in mothers with or
without rupture of membrane (4.14 [3.87-4.44], P < 0.001). G, The preterm birth rate in mothers with or without placenta previa (5.38 [5.37-
6.33], P < 0.001). H, The preterm birth rate in single or twin/multiple infants (10.40 [9.86-10.97], P < 0.001). I, The preterm birth rate did not
show a significant difference between mothers with or without GDM (0.99 [0.90-1.09], P = 0.836). J, The dynamic changes in preterm birth

rate each year showed an overall higher rate for cesarean section than for vaginal delivery (0.33 [0.32-0.34], P < 0.001)

whereas the rates were 7.34% and 20.00% in 1987 and 2018
in mothers with two or more pregnancies (Figure 2C,
1.36 [1.31-1.41], P < 0.001). Hypertension was associated
with preterm birth, as seen in Figure 2D (2.21 [1.97-2.48],
P < 0.001) from 1987 to 2018.

From 1987 to 2018, the preterm birth rate was higher
for second or later born children as compared with first-
born neonates (13.11% vs 3.76% in 1987 and 21.99% vs
13.98% in 2018, Figure 2E, 1.83 [1.76-1.89], P < 0.001).
Similar results were seen in mothers with rupture of
membrane (68.87% vs 2.95% in 1987 and 60.32% vs 17.81%
in 2018, Figure 2F, 4.14 [3.87-4.44], P < 0.001), placenta
previa (46.77% vs 3.80% in 1987 and 55.92% vs 17.08% in
2018, Figure 2G, 5.38 [5.37-6.33], P < 0.001), and twin/
multiple births (65.00% vs 3.43% in 1987 and 58.20% vs
14.50% in 2018, Figure 2H, 10.40 [9.86-10.97], P < 0.001).
GDM had no obvious impact on the rate of preterm births
compared with the absence GDM (2.47% vs 5.15% in 1987
and 17.97% vs 18.98% in 2018, Figure 21, 0.99 [0.90-1.09],
P = 0.836).

With respect to the mode of birth, the mean preterm
birth rate for cesarean birth was 38.75% compared with
7.56% for vaginal delivery over the entire study period.
The preterm birth rate was much higher in the cesarean
group during the first 20 years of the study period, al-
though the rate declined sharply and then remained sta-
ble and high compared with the vaginal delivery group in
the final 10 years of the study period (24.49% vs 11.36% in
2018) (Figure 2J, 0.33 [0.32-0.34], P < 0.001).

To further explore the effect of risk factors on the
preterm birth rate, logistic regression was conducted,
and the results showed that placenta previa (aOR = 7.41

[95% CI: 6.80-8.08], P < 0.001), twin or multiple preg-
nancies (10.63 [10.05-11.24], P < 0.001), and rupture of
membrane (5.03 [4.67-5.42], P < 0.001) were the top risk
factors for preterm birth (Table 1). Other contributing
factors included being male (1.18 [1.14-1.23], P < 0.001),
advanced maternal age (1.08 [1.02-1.14], P = 0.008), being
the second or third pregnancies for the mother (1.15[1.09-
1.21], P < 0.001), parity >2 (1.50 [1.42-1.57], P < 0.001),
and hypertension (2.08 [1.83-2.37], P < 0.001). However,
GDM did not contribute to preterm birth (0.99 [0.90-1.09])
(Table 1).

3.3 | Neonatal deaths

The neonatal death rate was 10.96%o. in 1987 and 3.22%o in
2018, with a peak of 29.85%. in 1989 (Figure 3A). The av-
erage annual neonatal death rate during the period from
1987 to 2018 was 6.45%o. There were a total of 763 deaths
(6.45%o0) from 1987 to 2018, and 423 (55.46% of the total
deaths) were preterm infants. Among the total deaths,
19.90% had birth asphyxia, 11.72% had neonatal infec-
tion, 4.95% had respiratory distress syndrome (RDS), and
7.98% had other diseases (Figure 3B). About 28.5% were
28-317° weeks of gestational age, and 52.90% had very low
birthweight (Figure 3C,D). Before 1998, neonatal death oc-
curred almost exclusively among term infants. However,
preterm infants, especially extreme and very preterm with
very low birthweight, consisted of more than half of the
neonatal deaths after 1998 (Figure 3E,F).
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TABLE 1 Risk factors in preterm infants

BV Ey-

Unadjusted Adjusted®
Incidence (%)* OR 95% CI P OR 95% CI P

Gender

Female 15.65 1.00 1.00

Male 17.90 1.18 [1.13,1.22] <0.001 1.18 [1.14,1.23] <0.001
Maternal age

<35 years 19.05 1.00 1.00

>35 years 25.06 1.31 [1.25,1.28] <0.001 1.08 [1.02, 1.14] 0.008
Gravidity

1 14.33 1.00 1.00

>2 18.48 1.36 [1.31,1.41] <0.001 1.15 [1.09,1.21] <0.001
Parity

1 13.38 1.00 1.00

>2 22.02 1.83 [1.76, 1.89] <0.001 1.50 [1.42,1.57] <0.001
Hypertension

No 16.68 1.00 1.00

Yes 30.66 2.21 [1.97,2.48] <0.001 2.08 [1.83,2.37] <0.001
ROM

No 15.80 1.00 1.00

Yes 43.70 4.14 [3.87, 4.44] <0.001 5.03 [4.67, 5.42] <0.001
Placenta previa

No 15.92 1.00 1.00

Yes 52.45 5.38 [5.37, 6.33] <0.001 7.41 [6.80, 8.08] <0.001
GDM

No 16.90 1.00 = = =

Yes 16.76 0.99 [0.90, 1.09] 0.836 = = =
Multiple births

Single 13.22 1.00 1.00

Twin/multiple 61.30 10.40 [9.86,10.97] <0.001 10.63 [10.05, 11.24] <0.001
Constant 0.06 <0.001

Abbreviations: GDM, Gestational diabetes mellitus; ROM, Rupture of membrane.

“Incidence (%) = preterm infants / (preterm + term infants) X 100 in each subgroup.

PAdjusted ORs were adjusted for maternal age, gravidity, parity, hypertension, ROM, placenta previa, GDM, and multiple births.

3.4 | Mother's age and delivery mode
Average maternal age increased from 25.9 years + 3.7 years
in 1987 to 30.7 years + 4.6 years in 2018 (P < 0.001). The
age of primiparous mothers increased from 25.5 years
+ 2.5 years in 1987 to 28.9 years + 3.7 years in 2018
(P < 0.001; Figure 4A). The percentage of cesarean de-
liveries among all mothers increased dramatically from
23.7% in 1987 to 65.5% in 2006 (P < 0.001), remained
stable at around 65.0% between 2006 and 2013, and then
showed a downward trend from 59.8% in 2014 to 50.5% in
2018. Similarly, there was a moderate decline in the pro-
portion of cesarean births among primiparous mothers
from 62.8% to 40.5% between 2013 and 2018 (Figure 4B).

4 | DISCUSSION

Based on our analysis, the preterm birth rate and the
occurrence of twin or multiple births have increased in
recent decades, whereas the number of neonatal deaths
has been decreasing. Preterm complications and birth as-
phyxia were the leading causes of neonatal death over the
study period. Being male, advanced maternal age, twin or
multiple births, gravidity, parity, and maternal diseases
also contributed to preterm birth.

The ratio of males to females has been shown to be af-
fected by multiple factors, and there is globally a narrow
male bias at birth with a male/female ratio of 1.05:1."" In
Japan and the United States, the male/female ratio at birth
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FIGURE 3 Incidence and causal
factors of neonatal death. A, The
incidence of neonatal death in the
hospital each year (deaths within 28 days
after birth). B, The causal factors for
neonatal deaths. C, Neonatal death
rate by gestational age. D, Neonatal
death rate by birthweight. E, Neonatal
death rate by gestational age over time.
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has been decreasing in recent years and is now slightly
lower than 1.05:1."2 In this study, we found that the ratio
of males to females at birth was 1.18:1, and although this
decreased slightly starting in 2013, the ratio of males is
still higher than reports from other countries."

Infertility is estimated to affect between 8% and 12%
of reproductive-aged couples worldwide, whereas in cen-
tral Asia almost 30% of women of reproductive age suf-
fer from infertility."* Thus, fertility treatments, including
ovarian stimulation and assisted reproductive technology
(ART), are increasingly being used. ART was approved
for clinical use in China in 1999 starting with provincial
and university-affiliated hospitals, and since then, its use
has developed rapidly throughout the whole country.
Although the use of single embryos for ART treatment has
increased, two to three embryo transfers at the same time
remains common in China,"”” which might explain our
observation of increased twins and multiple births during

1988 1993 1998 2003 2008 2013 2018

the study period, which is similar to the increase reported
in the United States."®

The cesarean birth rate increased dramatically from
23.7% in 1987 to 59.8% in 2014, and although it declined to
50.5% in 2018, this trend aligns with other reports that the
cesarean rate has been rising since 1990 worldwide.'”®
Apart from cesareans because of medical indications, the
high rate of elective cesarean observed in the current study
(10.40% of all cesarean cesarean) may partly be because of
a high ratio of mothers who desired cesareans to avoid the
pain of unmedicated vaginal delivery." This may also be
related to the one-child policy (since 1979) in that families
may perceive cesareans as safer than vaginal births when
complications arise. However, cesarean rates higher than
10% are not associated with reductions in maternal and
newborn mortality rates,” and elective procedures can
increase the risk of maternal morbidity, neonatal death,
and neonatal admission to an intensive care unit.*! The
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cesarean rate in hospitals in China has decreased because
pregnant women intending to have more than one child
have been less likely to prefer cesarean section after the
modification of the family planning policy in 2015.2**

The preterm birth rate has risen in most countries
and now represents the leading cause of neonatal death
worldwide,' but the rate varies with geography and eth-
nicity ranging from 5%-6% in Europe to around 7.1%
in China and 12% in the United States.”* In the current
study, the preterm birth rate has increased dramatically
over the past 32 years, up to 18.28% in 2018 in this hos-
pital, which is much higher than the previously reported
6.06%-10.52% preterm birth rate according to data from
China.?** The etiology underlying this disparity is poorly
understood. The hospital where the study was conducted
is a provincial hospital with a higher level of medical care.
Thus, this facility may treat a higher percentage of women
with high-risk pregnancy transferred in from other hos-
pitals, which would likely contribute to the higher rate of
preterm births. Other risk factors contributing to preterm
birth include maternal characteristics (age, stress, in-
fection, or other diseases), reproductive history (prior
preterm birth), current pregnancy (such as short cervical
length), social and economic inequalities,27 and fetal dis-
eases such as fetal distress and intrauterine growth restric-
tion.?® Nonetheless, this increase raises concern.

In our analysis, preterm birth complications made up
55.46% of the total deaths, and over half of these preterm
babies were early preterm births. This aligns with other
reports showing that preterm birth is the leading cause of
death in children under 5 years,”! especially infants with
low gestational age and very low birthweight. Currently,
there is no efficient therapeutic strategy that can reduce
death related to very preterm complications,’*>* and it
is not always possible to prevent or reduce preterm birth
even when risk factors are identified.*® Several high-risk
factors contributed to the preterm birth rates observed
here, including being male, gravidity, parity, advanced
maternal age, rupture of membrane, multiple pregnancy,
hypertension, and placenta previa, and most of these are
not modifiable.

In this study, 44.10% of preterm infants were born
with rupture of membrane, which was still a risk factor
for preterm birth after adjusting for other factors. The un-
derlying causes of rupture of membrane include intrauter-
ine infection and a history of preterm birth.***” Advanced
maternal age also contributes to preterm birth and is as-
sociated with many complications because of chronic and
pregnancy-induced hypertension, GDM, and macrosomia.
Hypertension was found to be another independent risk
factor for preterm birth in this study because such disor-
ders might lead to preeclampsia and result in medical in-
duction of the birth before term.* Placenta previa usually

B\ ey

results in medically induced preterm birth. Our results also
showed that preterm babies were more likely to be born to
mothers with parity >2, which is consistent with previous
reports,””*® but a systematic review in 2010 reported that
grand multiparity and great grand multiparity were not as-
sociated with preterm birth.** GDM was removed from our
logistic model even though it has been reported that GDM
plays a role in preterm delivery and mortality.**

With respect to neonatal death in our study, the inci-
dence of neonatal death has decreased and remained at
low levels in recent years. One reason for this could be the
wide use of pulmonary surfactants and ventilation after
birth, which has improved survival in preterm infants.
Some studies have reported beneficial effects of antena-
tal magnesium sulfate, but the decreased deaths seen here
cannot be attributed to antenatal magnesium sulfate be-
cause it has not been used routinely in this hospital.****

Apart from preterm birth complications and birth as-
phyxia, the causes of neonatal death included neonatal
infection and respiratory distress syndrome, similar to
other reports from China in 2019.*® Although infection
rates have modestly decreased in the neonatal intensive
care unit as a result of ongoing quality improvement mea-
sures, 4 out of every 10 infants with sepsis die or expe-
rience major disability."” Pneumonia may be transmitted
vertically from the mother or acquired from the postnatal
environment, and the resultant inflammatory response
leads to cellular injury that impairs gas exchange, alters
pulmonary circulation, interferes with normal respiratory
mechanics, denudates alveolar surfaces, and interferes
with surfactant function, which results in respiratory fail-
ure leading to morbidity and mortality in newborn infants
regardless of gestational age.*® Respiratory distress syn-
drome primarily affects preterm infants, but RDS was also
one of the leading causes in death of term infants in our
study. It has been reported that the incidence of RDS in-
creases in term infants with elective cesarean births,*’ and
the reason for increased RDS in these infants is delayed
removal of lung fluid and a lack of cortisol response asso-
ciated with spontaneous labor.* In our study, there was an
excessively high rate of cesarean birth.

A limitation of this study is that the data were only
collected from a high-level provincial hospital. This cre-
ates a bias and overestimates the preterm birth rate and
twin or multiple birth rate because this hospital often re-
ceives high-risk pregnant mothers transferred from local
hospitals.”® Thus, caution must be used in interpreting
these data. Second, the current analysis is based on the
discharge database, which is insufficient for analyzing
critical risk factors such as socioeconomic status, occu-
pation, stress, environment, lifestyle, nutrition, and he-
redity,>>° which are also related to preterm birth. Third,
Henan Province has a population of around 105 million
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inhabitants with imbalanced economic development and
pronounced differences in health care resources between
urban and rural areas, and thus the results of this study
cannot be extrapolated to the whole province.

4.1 | Conclusions

In summary, the preterm birth rate increased over the
past 32 years from 4.42% to 18.28% in one large provincial
hospital in China, with placenta previa, twin or multiple
pregnancies, and hypertension as the top risk factors for
preterm birth. Preterm birth was the leading cause of neo-
natal death, and birth asphyxia was the major risk factor
for death in term infants in this hospital. More efforts to
improve perinatal care are required to reduce the rate of
preterm births in China.

ACKNOWLEDGMENTS

This study was supported by the National Key Research
and Development Program of China (2018YFC1004604),
the Swedish Research Council, Sweden (2018-02667, 2018-
02682), grants from the Swedish state under the agree-
ment between the Swedish government and the county
councils, the ALF-agreement (ALFGBG-813291), the
Department of Science and Technology of Henan Province
(171100310200), National Natural Science Foundation of
China (81801305), and the China Postdoctoral Science
Foundation (2019M652590).

DATA AVAILABILITY STATEMENT

The data that support the findings of this study are openly
available in article. if anyone need information in detail,
please contact the corresponding author.

ORCID
Xiaoli Zhang @ https://orcid.org/0000-0001-5111-9405
Changlian Zhu © https://orcid.org/0000-0002-5029-6730

REFERENCES

1. GBD 2016 Causes of Death Collaborators. Global, regional,
and national age-sex specific mortality for 264 causes of death,
1980-2016: a systematic analysis for the Global Burden of
Disease Study 2016. Lancet. 2017;390(10100):1151-1210.

2. Song P, Theodoratou E, Li X, et al. Causes of death in children
younger than five years in China in 2015: an updated analysis.
J Glob Health. 2016;6(2):020802.

3. Rogers EE, Hintz SR. Early neurodevelopmental outcomes
of extremely preterm infants. Semin Perinatol. 2016;40(8):
497-509.

4. Cheong JL, Doyle LW, Burnett AC, et al. Association between
moderate and late preterm birth and neurodevelopment and
social-emotional development at age 2 years. JAMA Pediatr.
2017;171(4):€164805.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Cheong JLY, Anderson PJ, Burnett AC, et al. Changing neu-
rodevelopment at 8 years in children born extremely preterm
since the 1990s. Pediatrics. 2017;139(6):e20164086.
Chawanpaiboon S, Vogel JP, Moller AB, et al. Global, regional,
and national estimates of levels of preterm birth in 2014: a sys-
tematic review and modelling analysis. Lancet Glob Health.
2019;7(1):e37-e46.

Yerushalmy J. The classification of newborn infants by birth
weight and gestational age. J Pediatr. 1967;71(2):164-172.
Visintin C, Mugglestone MA, Almerie MQ, et al. Management
of hypertensive disorders during pregnancy: summary of NICE
guidance. BMJ. 2010;341:¢2207.

Canavan TP, Simhan HN, Caritis S. An evidence-based ap-
proach to the evaluation and treatment of premature rupture
of membranes: Part II. Obstet Gynecol Surv.2004;59(9):678-689.
Carpenter MW. Gestational diabetes, pregnancy hyperten-
sion, and late vascular disease. Diabetes Care. 2007;30(Suppl
2):5246-S250.

Austad SN. The human prenatal sex ratio: a major surprise.
Proc Natl Acad Sci USA. 2015;112(16):4839-4840.

Davis DL, Webster P, Stainthorpe H, Chilton J, Jones L, Doi R.
Declines in sex ratio at birth and fetal deaths in Japan, and in
U.S. whites but not African Americans. Environ Health Perspect.
2007;115(6):941-946.

Xia L, Sun L, Wang X, et al. Changes in the incidence of con-
genital anomalies in Henan Province, China, from 1997 to
2011. PLoS One. 2015;10(7):e0131874.

Inhorn MC, Patrizio P. Infertility around the globe: new think-
ing on gender, reproductive technologies and global move-
ments in the 21st century. Hum Reprod Update. 2015;21(4):
411-426.

Yang X, Li Y, Li C, Zhang W. Current overview of preg-
nancy complications and live-birth outcome of assisted
reproductive technology in mainland China. Fertil Steril.
2014;101(2):385-391.

Kulkarni AD, Adashi EY, Jamieson DJ, Crawford SB, Sunderam
S, Kissin DM. Affordability of fertility treatments and mul-
tiple births in the United States. Paediatr Perinat Epidemiol.
2017;31(5):438-448.

Betran AP, Ye J, Moller AB, Zhang J, Gulmezoglu AM, Torloni
MR. The increasing trend in caesarean section rates: global, re-
gional and national estimates: 1990-2014. PLoS One. 2016;11(2):
€0148343.

Betran AP, Torloni MR, Zhang JJ, Gulmezoglu AM. WHO
Statement on caesarean section rates. BJOG. 2016;123(5):
667-670.

Hellerstein S, Feldman S, Duan T. China's 50% caesarean deliv-
ery rate: is it too high? BJOG. 2015;122(2):160-164.

Ye J, Zhang J, Mikolajczyk R, Torloni MR, Gulmezoglu AM,
Betran AP. Association between rates of caesarean section and
maternal and neonatal mortality in the 21st century: a world-
wide population-based ecological study with longitudinal data.
BJOG. 2016;123(5):745-753.

Betran AP, Temmerman M, Kingdon C, et al. Interventions to
reduce unnecessary caesarean sections in healthy women and
babies. Lancet. 2018;392(10155):1358-1368.

Zeng Y, Hesketh T. The effects of China's universal two-child
policy. Lancet. 2016;388(10054):1930-1938.

Wang E, Hesketh T. Large reductions in cesarean delivery
rates in China: a qualitative study on delivery decision-making


https://orcid.org/0000-0001-5111-9405
https://orcid.org/0000-0001-5111-9405
https://orcid.org/0000-0002-5029-6730
https://orcid.org/0000-0002-5029-6730

ZHANG ET AL.

B Vi Ey-

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34,

35.

36.

37.

38.

39.

in the era of the two-child policy. BMC Pregnancy Childbirth.
2017;17(1):405.

Blencowe H, Cousens S, Oestergaard MZ, et al. National,
regional, and worldwide estimates of preterm birth rates
in the year 2010 with time trends since 1990 for selected
countries: a systematic analysis and implications. Lancet.
2012;379(9832):2162-2172.

Xu H, Dai Q, Xu Y, et al. Time trends and risk factor associated
with premature birth and infants deaths due to prematurity
in Hubei Province, China from 2001 to 2012. BMC Pregnancy
Childbirth. 2015;15:329.

Li C, Liang Z, Bloom MS, et al. Temporal trends of preterm
birth in Shenzhen, China: a retrospective study. Reprod Health.
2018;15(1):47.

Frey HA, Klebanoff MA. The epidemiology, etiology, and costs
of preterm birth. Semin Fetal Neonatal Med. 2016;21(2):68-73.
Barros FC, Papageorghiou AT, Victora CG, et al. The distribu-
tion of clinical phenotypes of preterm birth syndrome: implica-
tions for prevention. JAMA Pediatr. 2015;169(3):220-229.

Cao H, Wang J, Li Y, et al. Trend analysis of mortality rates and
causes of death in children under 5 years old in Beijing, China
from 1992 to 2015 and forecast of mortality into the future:
an entire population-based epidemiological study. BMJ Open.
2017;7(9):€015941.

Liu L, Chu Y, Oza S, et al. National, regional, and state-level
all-cause and cause-specific under-5 mortality in India in 2000
15: a systematic analysis with implications for the Sustainable
Development Goals. Lancet Glob Health. 2019;7(6):e721-e734.
Zhang W, Chen D, Xu Y, Yang R, Zhao Z. Mortality rate for
children under 5 years of age in Zhejiang Province, China from
1997 to 2012. PLoS One. 2015;10(6):€0127770.

Song J, Sun H, Xu F, et al. Recombinant human erythropoietin
improves neurological outcomes in very preterm infants. Ann
Neurol. 2016;80(1):24-34.

Juul SE, Comstock BA, Wadhawan R, et al. A Randomized trial
of erythropoietin for neuroprotection in preterm infants. N
Engl J Med. 2020;382(3):233-243.

Peng X, Song J, Li B, Zhu C, Wang X. Umbilical cord blood stem
cell therapy in premature brain injury: Opportunities and chal-
lenges. J Neurosci Res. 2020;98(5):815-825.

Li B, Zhang X, Peng X, Zhang S, Wang X, Zhu C. Folic acid
and risk of preterm birth: a meta-analysis. Front Neurosci.
2019;13:1284.

Newton ER. Preterm labor, preterm premature
ture of membranes, and chorioamnionitis. Clin Perinatol.
2005;32(3):571-600.

Zhou Q, Zhang W, Xu H, et al. Risk factors for preterm prema-
ture rupture of membranes in Chinese women from urban cit-
ies. Int J Gynaecol Obstet. 2014;127(3):254-259.

Zhu YC, Yang HX, Wei YM, et al. Analysis of correlation
factors and pregnancy outcomes of hypertensive disorders
of pregnancy - a secondary analysis of a random sampling
in Beijing, China. J Matern Fetal Neonatal Med. 2017;30(6):
751-754.

Schempf AH, Branum AM, Lukacs SL, Schoendorf KC.
Maternal age and parity-associated risks of preterm birth:
differences by race/ethnicity. Paediatr Perinat Epidemiol.
2007;21(1):34-43.

rup-

40.

41.

42.

43.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

Wheeler S, Maxson P, Truong T, Swamy G. Psychosocial stress
and preterm birth: the impact of parity and race. Matern Child
Health J. 2018;22(10):1430-1435.

Shah PS, Knowledge Synthesis Group on Determinants of
LBWPTb. Parity and low birth weight and preterm birth: a sys-
tematic review and meta-analyses. Acta Obstet Gynecol Scand.
2010;89(7):862-875.

Xiong X, Saunders LD, Wang FL, Demianczuk NN. Gestational
diabetes mellitus: prevalence, risk factors, maternal and infant
outcomes. Int J Gynaecol Obstet. 2001;75(3):221-228.

Crowther CA, Ashwood P, Andersen CC, et al. Maternal in-
tramuscular dexamethasone versus betamethasone before
preterm birth (ASTEROID): a multicentre, double-blind,
randomised controlled trial. Lancet Child Adolesc Health.
2019;3(11):769-780.

Jayaram PM, Mohan MK, Farid I, Lindow S. Antenatal magne-
sium sulfate for fetal neuroprotection: a critical appraisal and
systematic review of clinical practice guidelines. J Perinat Med.
2019;47(3):262-269.

Halliday HL. Surfactants: past, present and future. J Perinatol.
2008;28(Suppl 1):547-56.

Zhang B, Dai Y, Chen H, Yang C. Neonatal mortality in hos-
pitalized Chinese population: a meta-analysis. Biomed Res Int.
2019;2019:7919501.

Wynn JL. Defining neonatal sepsis. Curr Opin Pediatr.
2016;28(2):135-140.

Spengler D, Rintz N, Krause MF. An unsettled promise: the
newborn piglet model of neonatal acute respiratory distress
syndrome (NARDS). Physiologic data and systematic review.
Front Physiol. 2019;10:1345.

Sotiriadis A, Makrydimas G, Papatheodorou S, Ioannidis JP,
McGoldrick E. Corticosteroids for preventing neonatal re-
spiratory morbidity after elective caesarean section at term.
Cochrane Database Syst Rev. 2018;8:CD006614.

Jain L, Eaton DC. Physiology of fetal lung fluid clearance and
the effect of labor. Semin Perinatol. 2006;30(1):34-43.

Huo K, Zhao Y, Feng H, et al. Mortality rates of children aged
under five in Henan province, China, 2004-2008. Paediatr
Perinat Epidemiol. 2010;24(4):343-348.

Specht IO, Hammer PEC, Flachs EM, et al. Night work during
pregnancy and preterm birth-A large register-based cohort
study. PLoS One. 2019;14(4):e0215748.

Ciesielski TH, BartlettJ, Williams SM. Omega-3 polyunsaturated
fatty acid intake norms and preterm birth rate: a cross-sectional
analysis of 184 countries. BMJ Open. 2019;9(4):e027249.
Manuck TA. Racial and ethnic differences in preterm
birth: a complex, multifactorial problem. Semin Perinatol.
2017;41(8):511-518.

Ward K, Argyle V, Meade M, Nelson L. The heritability of
preterm delivery. Obstet Gynecol. 2005;106(6):1235-1239.

How to cite this article: Zhang X, Chen X, Li B,
et al. Changes in the live birth profile in Henan,
China: A hospital registry-based study. Birth.
2022;49:497-505. doi:10.1111/birt.12620



https://doi.org/10.1111/birt.12620

	Changes in the live birth profile in Henan, China: A hospital registry-­based study
	Abstract
	1|INTRODUCTION
	2|MATERIALS AND METHODS
	3|RESULTS
	3.1|The basic characteristics of live births
	3.2|Risk factors for preterm birth
	3.3|Neonatal deaths
	3.4|Mother's age and delivery mode

	4|DISCUSSION
	4.1|Conclusions

	ACKNOWLEDGMENTS
	DATA AVAILABILITY STATEMENT

	REFERENCES


