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Strengths and limitations of this study

 ► A complete and large- scale dataset of 480 845 
births across the recent 10- year period was anal-
ysed in this study to present long- term time trends 
in preterm birth and associated factors.

 ► Preterm births were classified into three specific 
subtypes including both spontaneous preterm births 
and iatrogenic preterm births to further examine the 
impact of risk factors on each type of preterm birth.

 ► Population attributable risk fraction was used to 
quantify the contributions of changes in risk factors 
to the variations of preterm birth rate before and af-
ter the two- child policy initiation.

 ► Preterm birth subtypes were unavailable in the 
Shenzhen Birth Registry Database and the classi-
fication was based on delivery mode and surgical 
indications.

 ► Possible risk factors including family income, ma-
ternal employment, maternal obesity and more were 
unavailable in the database and have not been ana-
lysed in the study.

AbStrACt
Objectives To investigate time trends of preterm birth and 
estimate the contributions of risk factors to the changes 
in preterm birth rates over a decade (2009–2018) of 
transitional period in Shenzhen, China.
Design Retrospective cohort study between 2009 and 
2018.
Setting All births in Baoan during January 2009 and 
December 2018 registered in the Shenzhen Birth Registry 
Database.
Participants 478 044 live births were included with 
sociodemographic and medical records for both women 
and infants.
Outcome measures The incidence rate of preterm birth 
stratified by different maternal and infant characteristics. 
Multiple logistic regression was used to identify significant 
risk factors associated with preterm birth. The population 
attributable risk fraction of each factor was calculated to 
estimate its contribution to variations of preterm birth rate 
over the 10 years.
results A total of 27 829 preterm births from 478 044 
(5.8%) live births were recorded and the preterm birth rate 
increased from 5.5% in 2009 to 6.2% in 2018. Medically 
induced preterm birth rate increased from 2.0% in 2009 
to 3.4% in 2018 while spontaneous preterm labour rate 
decreased from 3.3% to 2.7% over the decade years. Risk 
factors including multiple pregnancy (0.28% increase) 
drove the rise of preterm birth rate, whereas changes in 
maternal educational attainment (0.22% reduction) and 
prenatal care utilisation (0.45% reduction) had contributed 
to the decline in preterm birth rate.
Conclusions An uptrend of preterm birth rate was 
observed in an area under rapid sociodemographic 
transitions during 2009–2018 and the changes were 
associated with these sociodemographic transitions. 
Continued investments in girls’ education and prenatal 
care have the potential of reducing preterm birth rate.

IntrODuCtIOn
Preterm birth, which is defined as birth of a 
neonate before 37 completed weeks of gesta-
tion, is a syndrome with many causes and 
multiple phenotypes.1 2 Globally, approxi-
mately 15 million neonates were born preterm 
in 2014, and over one million children die 

each year due to preterm birth complications, 
contributing to approximately 16% of all deaths 
and 35% of newborn deaths in 2019.3 4 Despite 
decades of substantial research, the increasing 
prevalence of preterm birth continued to 
rise in many countries, resulting in a world-
wide increase from 9.8% in the year of 2000 
to 10.6% in the year of 2014.5 Even fortunate 
survivors may experience lifetime disabilities, 
including neurodevelopmental and physical 
impairments, as well as behavioural effects, 
which impose a heavy burden on the family 
and society.6 The economic burden associ-
ated with preterm birth complications was 
at least US$26.2 billion in the USA in 2005 
and $C587.1 million in Canada in 2014.7 8 
Addressing risk factors for preterm birth and 
determining the cause of the incremental inci-
dence are critical to informing public health 
policies aimed at reducing the global burden 
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of preterm births and achieving the Global Strategy for 
Women’s, Children’s and Adolescents’ Health under the 
Sustainable Development Goals.9

Sociodemographic transitions have been shown to be 
associated with time trends in preterm birth, especially 
in areas during the industrialisation period. A cohort 
study from Bangladesh revealed that 27% of the decline 
in preterm birth rate could be attributed to the decrease 
in parity and expansion of maternal education during 
1990–2014.10 Maternal age at delivery could explain the 
secular trends of preterm birth in Japan from 1979 to 
2014 based on national birth data.11 During the Chilean 
sociodemographic transition period 1991–2012, the 
increase in advanced maternal age (35 years or older) 
was evaluated to significantly increase the risk of preterm 
birth.12 Economic inequalities were also found in relation 
to preterm births in four Brazilian birth cohort studies 
conducted between 1982 and 2011.13 A population- 
based cohort study on births in Newcastle upon Tyne 
in Northern England over four decades confirmed the 
widened preterm birth gap between the most and least 
deprived socioeconomic groups.14

China accounted for 7.8% (1.17 million) of preterm 
births worldwide, with the second largest number of 
preterm neonates.5 From 2000 to 2014, the estimated 
preterm birth rate in China increased from 6.35% to 
6.94%.5 As the first special economic zone located in the 
Pearl River Delta of South China, Shenzhen has under-
gone rapid urbanisation and has attracted millions of 
migrant labourers since the beginning of the 1980s.15 
Baoan epitomises this urbanisation as the largest district 
in Shenzhen, with a more than 3.26 million year- end 
permanent population in 2018 and approximately 82% 
are migrants from other parts of China.16 During 2012 
and 2018, the de jure population of Baoan rapidly 
expanded from 2.68 million to 3.26 million, and the gross 
domestic product per capita grew from US$8556 in 2008 
to US$15 981 in 2017.16–18 In addition, the proportion of 
labourers in the tertiary sector of the economy increased 
from 15.7% in 2012 to 22.6% in 2017.16 17

However, limited studies on long- term time trends in 
preterm birth are available in areas under drastic socio-
demographic transitions in China during recent decades. 
Transitions in the society and their contributions to the 
changes in preterm birth rate are still unclear. The present 
study was based on all births in Baoan during 2009–2018 
registered in the Shenzhen Birth Registry Database. We 
assessed the temporal trends in preterm birth and associ-
ated risk factors among a large proportion of the migrant 
population. We further estimated the quantitative contri-
butions of these factors to the changes in preterm birth 
rate over the last decade.

MethODS
Study design and data collection
This cohort study was based on data of all births in Baoan 
from 1 January 2009 to 31 December 2018, extracted 

from the Shenzhen Birth Registry Database, which has 
served as a system for birth registration and maternal and 
infant health management since 2000.19 Demographic 
and clinical records of both mothers and new- borns were 
available for the identification of preterm birth and risk 
factors. Only live births were included in this study and 
ineligible records were excluded to ensure the coherence 
and continuity of preterm birth rate calculations based 
on prior related research: (1) stillbirths or births with 
unknown results; (2) births with missing gestational age 
or gestational age <22 weeks or >46 weeks; and (3) births 
with missing maternal age or maternal age <13 years or 
>50 years. The flowchart of data selection is shown in the 
online supplemental figure 1.15 20

Patient and public involvement
This study used routinely collected administrative health 
data and no patients were involved in the conception, 
design and conduct of the research. The results will be 
disseminated through open access publication.

ethics approval
This study was approved by the Medical Ethics Committee 
of Shenzhen Baoan Women’s and Children’s Hospital, 
Jinan University. Data collection in the study were anon-
ymous, and no individually identifiable information was 
available for the analysis.

Definition and measurements
Preterm birth is defined by the WHO as all births before 37 
completed weeks of gestation or fewer than 259 days since 
the first day of a woman’s last menstrual period.3 21 Based 
on gestational age, it was further classified as extremely 
preterm (<28 weeks), very preterm (28–<32 weeks) and 
late preterm (32–<37 weeks). Preterm birth rate was 
calculated using the number of live births in a specific 
preterm category divided by all live births multiplied by 
100 in a specific time period.21

Based on the delivery mode and surgical indications 
recorded in the database, we categorised preterm birth 
into three subtypes: two spontaneous preterm birth 
subtypes, including preterm premature rupture of 
membranes (PROM- PTB) and preterm labour (S- PTB), 
and the third subtype medically induced preterm birth 
(MI- PTB). PROM- PTB was defined as preterm birth with 
premature rupture of membranes, S- PTB was defined 
as non- PROM with vaginal deliveries and MI- PTB was 
defined as preterm birth with either induction of labour 
or caesarean section delivery but without PROM.20

Potential risk factors related to preterm birth were 
selected and analysed based on a literature review.10–14 
Variables including gestational age, maternal age, 
maternal education, maternal ethnicity, immigrant, 
smoking, drinking, parity, delivery mode, fertility treat-
ment, gestational age at the first prenatal care visit, 
number of prenatal care visits, gestational hypertension, 
gestational diabetes, pre- eclampsia or eclampsia, infant 
sex and date of delivery were included in our analysis. 
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Numeric variables including gestational age, maternal 
age and gestational age at the first prenatal care visit were 
categorised into ordinal subgroups. We classified maternal 
education into three categories for a more balanced 
population and clear data interpretation: primary school 
and below, secondary and high school and college and 
above.22 Prenatal care utilisation is recommended by the 
Law of the People’s Republic of China on Maternal and 
Infant Health Care with the initiation of antenatal care 
during the first trimester of pregnancy and consisting 
of five or more antenatal care visits.23 Three first visit 
trimester groups were generated based on the gesta-
tional age at the first prenatal care visit.24 The number 
of prenatal care visits was transformed into the prenatal 
care utilisation rate, by calculating the ratio between the 
actual number of visits and the recommended number 
of visits. The ratio was then classified into three groups: 
inadequate (<50%), intermediate and appropriate (50%–
110%) and adequate plus (≥110%).24 To analyse the effect 
of the universal two- child policy, we classified births into 
two groups based on the time of delivery: births taking 
place before or within 9 months after the implementation 
of the universal two- child policy in October 2015 (June 
2016) and births taking place 9 months after the policy.25

Statistical analysis
The χ2 test was used to evaluate significant differences in 
frequencies of both overall and subtypes of preterm birth 
between each maternal and infant group in this study.26 
Annual overall preterm birth rates for each risk factor 
subcategory were calculated to present the temporal 
trends stratified by different characteristics over the 
decade. Yearly per cent compositions of each risk factor 
were calculated to show the changes in sociodemographic 
indicators. Sensitivity analysis was performed to examine 
changes in linear trends of annual overall preterm birth 
rates by calculating risk ratios, with the year 2009 as a 
reference.27 Multivariable binomial logistic regression 
models were applied to estimate adjusted odds ratios 
(AORs) and 95% CIs of covariates for overall preterm 
birth and subtype- specific preterm birth.28 Possible inde-
pendent variables were selected based on their signifi-
cance in univariate analyses (p<0.05) and their probable 
associations with preterm birth judged by prior domain 
knowledge.29

To examine the contribution of risk factors to preterm 
birth incidence in the entire study population over the 
last decade, we measured the population attributable 
risk fraction using formula (1), where AFpi is the popu-
lation attributable risk fraction for risk factor i, PFj is the 
proportion of the total population and RRj is the risk ratio 
for the exposure category j (j = 1, 2, …, m) of risk factor 
i (i = 1, 2, …, n). RRj was approximated by using ORi to 
avoid overlap from different risk factors.30 31 AFp was then 
calculated using formula (2) to measure the total popula-
tion attributable risk fraction across all risk factors.

 

AFpi=

m∑
1

PFj ∗
(
RRj−1

)

1+
m∑
1

PFj ∗
(
RRj−1

)
 

(1)

 
AFp=1 −

n∏
i

(
1 − AFpi

)
 
(2)

We evaluated sociodemographic changes after imple-
mentation of the universal two- child policy and their 
contributions to the variations of preterm birth rate with 
approaches: (1) calculate PF for each selected factor in 
two time periods, (2) identify the risk of preterm birth 
for these factors with ORs in a logistic regression among 
births after the policy, (3) estimate AFp for each factor 
before and after the policy ( AFpbefore  was calculated by 
 PFbefore  and  ORafter  whereas  AFpafter  was calculated by  PFafter  
and  ORafter ) and (4) calculate the total contribution to 
the changes in preterm birth rate between two periods 
by multiplying AFp with the preterm birth rate after the 
policy and subtracting the result before the policy with 
formula.3 20 32

 Increased Rate = AFpafter ∗ Rateafter − AFpbefore ∗ Rateafter 
 (3)

All analyses were conducted using Python software 
(V.3.6.6; Python Software Foundation). Alpha levels of 
0.001, 0.01 and 0.05 indicated statistical significance for 
a two- tailed test separately.33 Missing values of several vari-
ables were included in the descriptive analysis but were 
removed from the logistic regression analyses.

reSultS
Preterm birth rates in baoan, Shenzhen
A total of 480 845 births in Baoan, Shenzhen were identi-
fied in the Shenzhen Birth Registry Database from 2009 
to 2018. Furthermore, 478 044 (99.4%) live births were 
included in the final study population after excluding 
2801 (0.6%) ineligible birth records: 2561 (0.5%) still-
births or births with unknown results, 182 (0.04%) live 
births with maternal age under 13 years or over 50 years 
and 58 (0.01%) live births with missing gestational age 
or gestational age lower than 22 weeks or higher than 
46 weeks. There were 27 829 (5.8%) preterm births in 
Baoan from 2009 to 2018 with 312 (0.07%) extremely 
preterm births, 2686 (0.6%) very preterm births and 
24 831 (5.2%) late preterm births, respectively. The rates 
of PROM- PTB, S- PTB and MI- PTB were 0.08%, 3.1% and 
2.6%, accounting for 1.42%, 53.8% and 44.8% of the 
overall preterm births, respectively. The overall preterm 
birth rates and subtype- specific preterm birth rates among 
the different exposure categories for each maternal and 
infant group are presented in table 1.

temporal trends in preterm birth rate
The annual overall preterm birth rates for the uncate-
gorised study population and each exposure category of 
the selected risk factors during 2009–2018 are shown in 
figure 1 (see online supplemental table 1). The overall 
preterm birth rate fluctuated between 5.5% and 5.8% 
during 2009–2015 and surpassed 6.0% in 2016, reaching 
the highest rate in 2017 (6.4%, figure 1A). Spontaneous 
preterm birth rates decreased, with an approximately 
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Table 1 Descriptive statistics of preterm birth subtypes in Baoan, Shenzhen, 2009–2018

Live births
Preterm 
births P value* PROM- PTB P value* S- PTB P value* MI- PTB P value*

N (%†) N (%‡)* N (%‡)* N (%‡)* N (%‡)*

All live births 478 044 27 829 (5.8) 394 (0.08) 14 982 (3.1) 12 453 (2.6)

Maternal age (year)

  ≤20 23 055 (4.8) 1846 (8.0) <0.001 14 (0.06) <0.001 1473 (6.4) <0.001 359 (1.6) <0.001

  21–35 416 608 (87.2) 22 734 (5.5) 327 (0.08) 12 392 (3.0) 10 015 (2.4)

  ≥36 38 381 (8.0) 3249 (8.5) 53 (0.1) 1117 (2.9) 2079 (5.4)

Maternal education

  Primary school and 
below

16 687 (3.5) 994 (6.0) <0.001 25 (0.2) <0.001 562 (3.4) <0.001 407 (2.4) <0.001

  Secondary and high 
school

351 920 (73.6) 20 973 (6.0) 263 (0.07) 11 806 (3.4) 8904 (2.5)

  College and above 109 437 (22.9) 5862 (5.4) 106 (0.1) 2614 (2.4) 3142 (2.9)

Maternal ethnicity

  Non- Han 25 851 (5.4) 1589 (6.2) 0.222 17 (0.07) 0.396 896 (3.5) 0.002 676 (2.6) 0.933

  Han 452 193 (94.6) 26 240 (5.8) 377 (0.08) 14 086 (3.1) 11 777 (2.6)

Immigrant

  No 53 014 (11.1) 3234 (6.1) 0.004 64 (0.1) 0.001 1304 (2.5) <0.001 1866 (3.5) <0.001

  Yes 425 030 (88.9) 24 595 (5.8) 330 (0.08) 13 678 (3.2) 10 587 (2.5)

Smoking

  No 477 964 (100.0) 27 825 (5.8) 0.940 394 (0.08) – 14 981 (3.1) 0.518 12 450 (2.6) 0.770

  Yes 80 (0.02) 4 (5.0) 0 (0.0) 1 (1.3) 3 (3.8)

Drinking

  No 477 954 (100.0) 27 826 (5.8) 0.433 394 (0.08) – 14 980 (3.1) 0.846 12 452 (2.6) 0.576

  Yes 90 (0.02) 3 (3.3) 0 (0.0) 2 (2.2) 1 (1.1)

Parity

  0 223 429 (46.7) 13 640 (6.1) <0.001 232 (0.1) <0.001 7785 (3.5) <0.001 5623 (2.5) <0.001

  ≥1 253 680 (53.1) 14 076 (5.6) 159 (0.06) 7129 (2.8) 6788 (2.7)

  Missing 935 (0.2) – – – –

Multiple pregnancy

  No 467 871 (97.9) 23 233 (5.0) <0.001 339 (0.07) <0.001 14 033 (3.0) <0.001 8861 (1.9) <0.001

  Yes 10 173 (2.1) 4596 (45.2) 55 (0.5) 949 (9.3) 3592 (35.3)

Delivery mode

  Vaginal delivery 313 532 (65.6) 14 983 (4.8) <0.001 1 (0.0) <0.001 14 982 (4.8) – 0 (0.0) –

  Labour induction/
Caesarean section

164 512 (34.4) 12 846 (7.8) 393 (0.2) 0 (0.0) 12 453 (7.6)

Fertility treatment

  No 476 667 (99.7) 27 463 (5.8) <0.001 386 (0.08) <0.001 14 939 (3.1) <0.957 12 138 (2.6) <0.001

  Yes 1377 (0.3) 366 (26.6) 8 (0.6) 43 (3.1) 315 (22.9)

First visit trimester

  First trimester 350 437 (73.3) 19 860 (5.7) <0.001 288 (0.08) 0.138 10 383 (3.0) <0.001 9189 (2.6) <0.001

  Second trimester 66 110 (13.8) 4080 (6.2) 61 (0.09) 2040 (3.1) 1979 (3.0)

  Third trimester 61 497 (12.9) 3889 (6.3) 45 (0.07) 2559 (4.2) 1285 (2.1)

Prenatal care utilisation rate§

  <50% 121 974 (25.5) 7780 (6.4) <0.001 97 (0.08) <0.001 4941 (4.1) <0.001 2742 (2.3) <0.001

  50%–<110% 277 690 (58.1) 13 579 (4.9) 183 (0.07) 7304 (2.6) 6092 (2.2)

  ≥110% 78 283 (16.4) 6454 (8.2) 114 (0.2) 2728 (3.5) 3612 (4.6)

  Missing 97 (0.02) – – – – –

Continued
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Live births
Preterm 
births P value* PROM- PTB P value* S- PTB P value* MI- PTB P value*

N (%†) N (%‡)* N (%‡)* N (%‡)* N (%‡)*

Gestational hypertension

  No 477 826 (99.9) 27 803 (5.8) <0.001 394 (0.08) – 14 979 (3.1) <0.195 12 430 (2.6) <0.001

  Yes 218 (0.1) 26 (11.9) 0 (0.00) 3 (1.4) 23 (10.6)

Gestational diabetes

  No 477 682 (99.9) 27 804 (5.8) 0.441 389 (0.08) <0.001 14 981 (3.1) 0.002 12 434 (2.6) 0.003

  Yes 362 (0.1) 25 (6.9) 5 (1.4) 1 (0.3) 19 (5.3)

Pre- eclampsia or eclampsia

  No 477 552 (99.9) 27 662 (5.8) <0.001 394 (0.08) – 14 969 (3.1) 0.619 12 299 (2.6) <0.001

  Yes 492 (0.1) 167 (33.9) 0 (0.0) 13 (2.6) 154 (31.3)

Two- child policy¶

  No 346 225 (72.4) 19 677 (5.7) <0.001 264 (0.08) <0.001 11 237 (3.3) <0.001 8176 (2.4) <0.001

  Yes 131 819 (27.6) 8152 (6.2) 130 (0.1) 3745 (2.8) 4277 (3.2)

Infant gender

  Female 219 629 (45.9) 11 683 (5.3) <0.001 167 (0.08) 0.019 6130 (2.8) <0.001 5386 (2.5) <0.001

  Male 258 396 (54.1) 16 139 (6.3) 227 (0.09) 8847 (3.4) 7065 (2.7)

  Missing 19 (0.004) – – – – –

*Preterm birth frequencies among subcategories of each variable were compared with the Χ2 test.
†Distributions of maternal characteristics among the whole study population were calculated by the number of women in each subcategory divided 
by the total number of women, 478 044.
‡Overall and subtype preterm birth rates were calculated by the number of preterm births divided by the number of women in each subcategory.
§Prenatal care utilisation rate is defined as the ratio between the actual number of visits and the recommended number.
¶The universal two- child policy effect time is defined as the delivery time before 1 July 2016, 9 months after the policy was announced in October 
2015.
MI- PTB, medically induced preterm birth; PROM- PTB, premature rupture of membranes preterm birth ; S- PTB, spontaneous preterm birth.

Table 1 Continued

Figure 1 Temporal trends in preterm birth rate among 478 044 livebirths (2801 ineligible birth records were excluded). 
Subcategorised by risk factors in Baoan, Shenzhen, 2009–2018. (A) overall and subtypes, (B) gestational age, (C) maternal age, 
(D) maternal education, (E) immigration, (F) parity, (G) multiple pregnancy, (H) delivery mode, (I) fertility treatment, (J) first visit 
trimester, (K) prenatal care utilisation and (L) infant gender.
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0.07% decline in PROM- PTB and a 0.7% decline in 
S- PTB. However, the MI- PTB rate had increased year by 
year, from 2.0% in 2009 to 3.4% in 2018 (figure 1A). 
Annual changes in late preterm were more obvious than 
those in extremely preterm and very preterm infants 
(figure 1B). Generally, the rising trends in preterm birth 
were observed in exposure subcategories of maternal age 
(figure 1C), maternal education (figure 1D), immigra-
tion (figure 1E), parity (figure 1F), multiple pregnancy 
(figure 1G), labour induction or caesarean delivery 
mode (figure 1H), fertility treatment (figure 1I), first 
visit trimester (figure 1J), inadequate prenatal care util-
isation (figure 1K) and infant sex(figure 1L). The results 
of the sensitivity analysis (see online supplemental table 
1) indicated that statistically significant changes in annual 
preterm birth rates occurred only in the years 2016, 2017 
and 2018 compared with 2009. The overall preterm birth 
trends for smoking, drinking, gestational hypertension, 
gestational diabetes, pre- eclampsia or eclampsia were not 
measured as they made up a small proportion in the posi-
tive results.

risk factors for preterm birth
Based on the results of the χ2 test of possible maternal char-
acteristics in table 1, statistically significant risk factors for 
both overall preterm birth and subtypes of preterm birth 
including maternal age, education level, immigration, 
parity, multiple pregnancy, fertility treatment, first prenatal 
care visit trimester, prenatal care utilisation, two- child policy 
and infant sex were further analysed using multivariable 
logistic regression. Gestational hypertension, diabetes and 
pre- eclampsia or eclampsia were not included in the regres-
sion model as they made up a small proportion in subgroups 
of preterm birth, even with significant associations with 
preterm birth (table 1). The corresponding adjusted ORs 
for each characteristic are presented in table 2. Maternal 
age, maternal education, parity, multiple pregnancy, 
prenatal care utilisation and infant gender still showed 
significant associations with both overall preterm birth 
and subtypes of preterm birth. For example, women with 
multiple pregnancy had a higher risk of preterm than the 
reference group (adjusted OR (AOR): 15.2, 95% CI: 14.6 
to 15.9; p<0.001) with the highest risk of MI- PTB (adjusted 
OR (AOR): 25.6, 95% CI: 24.4 to 26.8; p<0.001) and lower 
risk of PROM- PTB (AOR: 5.7, 95% CI: 4.2 to 7.7; p<0.001) 
and S- PTB (AOR: 3.5, 95% CI: 3.3 to 3.8; p<0.001). Births 
with maternal fertility treatment had a much higher risk of 
preterm birth rate, especially PROM- PTB rate and MI- PTB 
rate (table 1), but the strength of association was reduced 
by other risk factors in our multivariable logistic regression 
analysis (table 2).

temporal trends in the distribution of sociodemographic 
factors
The distributions of sociodemographic factors including 
maternal age, education, immigration, parity, multiple 
pregnancy, delivery mode, first prenatal care visit trimester, 
prenatal care utilisation and infant sex are shown in figure 2 

(see online supplemental table 3). Preterm births and the 
increase in preterm birth rate mainly occurred in the late 
preterm group (gestational age 32–<37 weeks, figure 2A). 
The advanced maternal age group (≥36 years) expanded 
from 6.2% in 2009 to 11.9% in 2018 (figure 2B). Improve-
ment in maternal educational attainment is presented in 
figure 2C, showing that the proportion of women with 
education level of primary school and below decreased 
from 17.6% in 2009 to 1.2% in 2018. The percentage of 
immigrants decreased yearly during the decade from 95.8% 
in 2009 to 77.2% in 2018 (figure 2D). However, multiparity 
group expanded during the study period, from 39.5% in 
2009 to 59.5% in 2018 (figure 2E). Women with labour 
induction or caesarean section accounted for approximately 
35% of the entire population over the decade (figure 2F). 
The proportion of women who initiated prenatal care visits 
in the first trimester of pregnancy increased from 39.9% 
in 2009 to 91.7% in 2018 (figure 2G). Prenatal care utili-
sation improved with a drastic increase in the proportion 
of adequate plus utilisation group from 5.4% in 2009 to 
44.8% in 2018 (figure 2H). The male- to- female sex ratio in 
Baoan, Shenzhen stayed around 117:100 over the decade 
in our study (figure 2I). Since 2014, fertility treatment had 
become slightly more prevalent among live births in Baoan, 
from no cases during 2009–2013 to 0.1% in 2014 and 0.7% 
in 2018 (see online supplemental table 3).

Contributions of transitions in sociodemographic factors to 
variations in preterm birth rate
The preterm birth rate of 5.7% during 1 January 2009 and 
30 June 2016 increased to 6.2% during 1 July 2016 and 31 
December 2018, with 88% of the increase attributed to 
late preterm birth. The increase in the overall preterm 
rate mainly came from the increase in MI- PTB, while rate 
of preterm labour (S- PTB) decreased after June 2016. We 
compared preterm birth rates subcategorised by socio-
demographic factors including maternal age, maternal 
education, parity, multiple pregnancy, prenatal care util-
isation and infant sex, as well as the per cent composi-
tions of these factors (table 3). Except for the adequate 
plus group of prenatal care utilisation, preterm birth 
rates increased in all the categories after the policy. The 
contributions of sociodemographic factors to the varia-
tions in the overall and subtypes of preterm birth rates 
between the two periods are visualised with population 
attributable risk fraction in figure 3 (online supple-
mental table 4). Maternal age and multiple pregnancy 
were drivers underlying the increment of the overall 
preterm birth rate, whereas maternal education, parity, 
prenatal care utilisation and infant sex contributed to the 
rate reduction. In particular, maternal education level 
increased, especially in the group of college and above, 
from 18.0% to 35.8% and an attributed 0.22% reduction 
in the overall preterm birth rate, a 0.14% decrease in 
S- PTB and a 0.05% decline in MI- PTB rate were evalu-
ated, respectively. Births with inadequate prenatal care 
utilisation (<50%) decreased from 32.2% to 7.7%, which 
contributed to a 0.45% decrease in the overall preterm 
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Table 2 Multivariable logistic regression of risk factors for overall preterm birth and subtypes of preterm birth in Baoan, 
Shenzhen, 2009–2018*

Overall preterm birth PROM- PTB S- PTB MI- PTB

β† AOR (95% CI)‡ § ¶ β† AOR (95% CI)‡ § ¶ β† AOR (95% CI)‡ § ¶ β† AOR (95% CI)‡ § ¶

Maternal age (year)

  ≤ 20 0.44 1.6 (1.5 to 1.6)‡ −0.31 0.7 (0.4 to 1.3) 0.65 1.9 (1.8 to 2.0)‡ −0.23 0.8 (0.7 to 0.9)‡

  21–35 – Reference – Reference – Reference – Reference

  ≥36 0.42 1.5 (1.5 to 1.6)‡ 0.55 1.7 (1.3 to 2.4)‡ 0.01 1.0 (1.0 to 1.1) 0.72 2.1 (1.9 to 2.2)‡

Maternal education

  Primary school and 
below

0.17 1.2 (1.1 to 1.3)‡ 0.80 2.2 (1.4 to 3.6)¶ 0.27 1.3 (1.2 to 1.4)‡ 0.02 1.0 (0.9 to 1.1)

  Secondary and 
high school

0.22 1.2 (1.2 to 1.3)‡ 0.11 1.1 (0.9 to 1.5) 0.31 1.4 (1.3 to 1.4)‡ 0.08 1.1 (1.0 to 1.1)¶

  College and above – Reference – Reference – Reference – Reference

Immigrant

  No – Reference – Reference – Reference – Reference

  Yes 0.07 1.1 (1.0 to 1.1)¶ −0.17 0.8 (0.6 to 1.1) 0.12 1.1 (1.1 to 1.2)‡ 0.03 1.0 (1.0 to 1.1)

Parity

  0 – Reference – Reference – Reference – Reference

  ≥1 −0.09 0.9 (0.9 to 0.9)‡ −0.56 0.6 (0.5 to 0.7)‡ −0.18 0.8 (0.8 to 0.9)‡ 0.07 1.1 (1.0 to 1.1)¶

Multiple pregnancy

  No – Reference – Reference – Reference – Reference

  Yes 2.72 15.2 (14.6 to 15.9)‡ 1.74 5.7 (4.2 to 7.7)‡ 1.25 3.5 (3.3 to 3.8)‡ 3.24 25.6 (24.4 to 26.8)‡

Fertility treatment

  No – Reference – Reference – Reference – Reference

  Yes −0.01 1.0 (0.9 to 1.1) 0.39 1.5 (0.7 to 3.1) −0.75 0.5 (0.4 to 0.7)‡ 0.16 1.2 (1.0 to 1.4)§

First visit trimester

  First trimester – Reference – Reference – Reference – Reference

  Second trimester 0.04 1.0 (1.0 to 1.1)§ 0.25 1.3 (1.0 to 1.7) −0.10 0.9 (0.9 to 1.0)‡ 0.20 1.2 (1.2 to 1.3)‡

  Third trimester 0.02 1.0 (1.0 to 1.1) −0.05 1.0 (0.6 to 1.4) −0.03 1.0 (1.0 to 1.1) −0.05 1.0 (0.9 to 1.0)

Prenatal care utilisation rate**

  <50% −0.19 0.8 (0.8 to 0.9)‡ −0.36 0.7 (0.5 to 1.0) −0.01 1.0 (0.9 to 1.1) −0.39 0.7 (0.6 to 0.7)‡

  50%–<110% −0.46 0.6 (0.6 to 0.7)‡ −0.55 0.6 (0.5 to 0.8)‡ −0.37 0.7 (0.7 to 0.7)‡ −0.49 0.6 (0.6 to 0.6)‡

  ≥110% – Reference – Reference – Reference – Reference

Two- child policy††

  No – Reference – Reference – Reference – Reference

  Yes 0.07 1.1 (1.0 to 1.1)‡ 0.19 1.2 (1.0 to 1.5) −0.03 1.0 (0.9 to 1.0) 0.16 1.2 (1.1 to 1.2)‡

Infant gender

  Female – Reference – Reference – Reference – Reference

  Male 0.20 1.2 (1.2 to 1.3)‡ 0.17 1.2 (1.0 to 1.4) 0.22 1.3 (1.2 to 1.3)‡ 0.14 1.2 (1.1 to 1.2)‡

*476 997 live births were included after removing 1047 records due to missing values in any risk factor.
†β, coefficients of risk factors in the multivariable binomial logistic regression model.
‡p<0.001.
§p<0.05.
¶p<0.01.
**Prenatal care utilisation rate is defined as the ratio between the actual number of visits and the recommended number.
††The universal two- child policy is defined as the delivery time before 1 July 2016, 9 months after the policy was announced in October 2015.
AOR, adjusted OR; MI- PTB, medically induced preterm birth; PROM- PTB, premature rupture of membranes preterm birth; S- PTB, spontaneous 
preterm birth.

birth rate, 0.01% increase of PROM- PTB rate, 0.27% 
decrease of S- PTB and 0.14% reduction of MI- PTB. Even 
with a small change in composition, from 2.0% to 2.5%, 

multiple pregnancy had contributed to over half of the 
increase (0.28%/0.52%) in the overall preterm birth rate, 
with a major effect on MI- PTB. Maternal age contributed 
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Figure 2 Temporal trends in the distribution of sociodemographic factors in Baoan, Shenzhen, 2009–2018. (A) gestational age, 
(B) maternal age, (C) maternal education, (D) immigration, (E) parity, (F) delivery mode, (G) first visit trimester, (H) prenatal care 
utilisation and (I) infant gender.

to an increase in the rate of MI- PTB but a decrease in 
the rate of S- PTB. The proportion of younger maternal 
age dropped from 5.6% to 2.8% while advanced maternal 
age (≥36 years) grew from 6.9% to 11.1%, contributing 
to a 0.03% increase in preterm birth rate. Multiparous 
births increased from 50.4% to 60.3% and had made a 
0.06% decrease in preterm birth rate. The infant sex ratio 
remained stable during the two periods and its contribu-
tion to the change in preterm birth rate was very small.

DISCuSSIOn
To date, the persistent increase in preterm birth rate remains 
a challenging public health issue facing the world and limited 
studies have focused on the temporal trends of preterm 
birth during a sociodemographic transition period in recent 
decades. In this retrospective cohort study, a statistical analysis 
of 478 044 birth records demonstrated the drivers of the time 
trends in preterm birth among a mixed population, under 
the background of sociodemographic transition in Shen-
zhen. The findings of this study highlight the importance of 
safeguarding the health and well- being of women to reduce 
preterm birth, especially through improving maternal educa-
tion and prenatal care service coverage.

During the sociodemographic transition period from 2009 
to 2018, the overall preterm birth rate of 5.8% in Baoan was at 
a relatively lower level compared with the global preterm birth 
rate ranging from 5% in northern European countries to 18% 

in African countries.6 It is also lower than the weighted national 
incidence of 6.7% in China during 2015–2016.34 However, 
it was slightly higher than the Shenzhen preterm birth rate 
of 5.7% during 2003–2012, and it was slightly higher during 
2009–2018.20 Consistent with the global trend of the rising 
preterm birth rates reported by many countries in recent years, 
the prevalence of preterm birth in Baoan increased from 5.5% 
in 2009 to 6.2% in 2018 under the background of sociodemo-
graphic transition.5 32 Compared with the whole Shenzhen 
birth population during 2003–2012, both the S- PTB rate and 
MI- PTB rate in Baoan increased during 2009–2018, while there 
was a 0.5% decrease in the PROM- PTB rate (see online supple-
mental table 5).20 MI- PTB and late preterm drove the majority 
of the increase in preterm birth rates both in our research 
and the study of the entire Shenzhen birth population during 
2003–2012.20 In our analysis of risk factors, multiple pregnancy 
had a strong effect on preterm birth, especially MI- PTB and 
more than half of the increase in the overall preterm birth rate 
between the two periods (before and after implementation of 
the universal two- child policy) could be explained by it. Find-
ings from other studies indicated that multiple pregnancy was 
a strong risk factor for preterm birth with a 7 to 10 times higher 
risk than that of singletons.35 36 Concerns have been raised in 
many studies about the increasing trend of multiple pregnancy 
reported both in China and worldwide, which was associated 
with the global rise in advanced maternal age, infertility treat-
ments and obstetric interventions performed before 37 gesta-
tional weeks, especially at 34–36 weeks.37–41
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Table 3 Preterm birth rate and distribution of risk factors in Baoan, Shenzhen, 2009–2018*

Preterm birth rate (%) Distribution percentage (%)†

January 2009 to June 
2016

July 2016 to 
December 2018

January 2009 to June 
2016

July 2016 to 
December 2018

All live birth 5.7 6.2 72.4 27.6

PROM- PTB 0.08 0.1 – –

S- PTB 3.2 2.8 – –

MI- PTB 2.4 3.2 – –

Gestational age(week)

  <28 0.05 0.1 0.8 1.8

  28–<32 0.6 0.6 9.9 9.1

  32–<37 5.1 5.5 89.3 89.2

Maternal age(year)

  ≤20 7.8 8.5 5.6 2.8

  21–35 5.3 5.8 87.6 86.2

  ≥36 8.2 8.8 6.9 11.1

Maternal education

  Primary school and below 5.7 7.8 4.4 1.2

  Secondary and high school 5.8 6.5 77.6 63.1

  College and above 5.2 5.6 18.0 35.8

Parity

  0 5.9 6.6 49.6 39.7

  ≥1 5.4 5.9 50.4 60.3

Multiple pregnancy

  No 4.9 5.1 98.0 97.5

  Yes 42.7 50.2 2.0 2.5

Prenatal care utilisation rate‡

  <50% 6.1 8.9 32.2 7.7

  50%–<110% 4.8 5.2 58.1 58.4

  ≥110% 9.4 7.3 9.7 33.9

Infant gender

  Female 5.2 5.6 45.8 46.5

  Male 6.0 6.7 54.3 53.6

*476 997 live births were included after removing 1047 records due to missing values in any risk factor.
†The distribution percentage for each category is the number of cases divided by the total number of preterm births.
‡Prenatal care utilisation rate is defined as the ratio between the actual number of visits and the recommended number.
MI- PTB, medically induced preterm birth; PROM- PTB, premature rupture of membranes preterm birth; S- PTB, spontaneous preterm birth.

In contrast with multiple pregnancy, the improvements 
in maternal education and prenatal care utilisation have 
contributed to the reduction in the overall preterm birth rate 
as well as the subtype- specific preterm birth rates, which has 
coincided with socioeconomic developments in China with 
the launch of laws and policies, including 9- year compulsory 
education for all and national commitment to maternal and 
child survival and health.42 43 In particular, the proportion of 
pregnant women with inadequate prenatal care utilisation 
decreased after implementation of the universal two- child 
policy and contributed to a 0.5% decline in the preterm 
birth rate. The positive effect of prenatal care on preterm 
birth during 2009–2018 was estimated to be larger than the 
period 2003–2012 in the whole Shenzhen birth population.20 
Although the proportion of women who initiated prenatal 

care in the first trimester increased from 39.9% in 2009 to 
91.7% in 2018, this was not significantly associated with the 
overall and subtypes of preterm birth rates. As suggested by 
the Born Too Soon Group, further studies are needed to 
clarify the association between the quality of prenatal care 
visits and preterm birth.44 Additionally, the 0.22% of reduc-
tion in preterm birth rate could be explained by the expan-
sion of maternal educational attainment during 2009–2018. 
However, the effect of maternal education on preterm birth 
in this study is contrary to the result in the Shenzhen preterm 
birth research during 2003–2012, which demonstrated that 
the education improvement had contributed to 0.20% of 
the rise in preterm birth rate.20 It should be noted that the 
proportion of multiparous births increased continuously 
over the decade, including and a near 10% increment after 
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Figure 3 Analysis of sociodemographic factors contributing 
to the variations of preterm birth rate in Baoan, Shenzhen, 
2009–2018. MI- PTB, medically induced preterm birth; PROM- 
PTB, premature rupture of membranes preterm birth ; S- PTB, 
spontaneous preterm birth.

the implementation of the universal two- child policy, which 
resulted in a small reduction in the preterm birth rate. The 
percentage of multiparity in this study was approximately 
15.3% higher than that in the Shenzhen birth popula-
tion during 2003–2012 and also higher than the national 
level.20 25 The male- to- female sex ratio in Baoan during 
2009–2018 remained abnormal compared with the natural 
sex ratio at birth, which indicated that a more balanced sex 
ratio, one of the expected benefits of the universal two- child 
policy, had not yet been achieved.45 46

The present study is unique in reporting time trends in 
preterm birth under a setting of rapid sociodemographic 
transition over 10 years. Contributions of sociodemographic 
factors to preterm birth and to the incidence changes were 
calculated to provide a more comprehensive and quantita-
tive understanding of the pathogenesis of temporal trends 
in preterm birth. Overall and subtypes of preterm birth, 
including spontaneous preterm and iatrogenic preterm, 
were analysed respectively. Per cent compositions of socio-
demographic factors in each year have been presented to 
provide a better landscape of the socio- economic transition 
in this area. Missing information on prenatal care utilisation 
and parity were unlikely to have impacted the results.

However, the study results were limited by data collection 
and analysis methods. First, misclassification of preterm birth 
subtypes was possible because subtype of preterm birth was 
unavailable in the Shenzhen Birth Registry Database. Fortu-
nately, the classification method based on delivery mode and 
surgical indications has been adapted by similar research 
and reliability of the database has been verified by previous 
study.19 20 Second, there were many important factors we 
did not cover in this study as the limitation of the database. 
For example, data on maternal employment, family income 
and maternal obesity were not available. Increased risks of 
preterm birth were significantly related to maternal obesity 
in a cohort study of 1 599 551 live singleton births in Sweden 
from 1992 to 2010.47 Similar results were also found in a 

nationwide study of 7 141 630 singleton live births from the 
USA during 2016 and 2017.48 Finally, sociodemographic tran-
sitions in maternal age and multiple pregnancy have been 
identified as contributors to the rising preterm birth rate 
in Baoan, Shenzhen during 2009–2018 in this study. More 
possible important factors, including maternal employment, 
family income, non- medically indicated labour, induction 
and caesarean section deliveries, assisted reproductive tech-
nologies need to be studied to present a more comprehen-
sive understanding about the impact of sociodemographic 
transitions on preterm birth.

COnCluSIOnS
In conclusion, the present study provides unique informa-
tion about the temporal trends in preterm birth in the setting 
of rapid sociodemographic transition in China during the 
last decade. The observed increase in preterm birth rate 
was significantly associated with the increase of multiple 
pregnancy. Fortunately, maternal educational attainment 
and prenatal care utilisation have improved significantly 
during this period, and have made positive contributions to 
the decline in preterm birth incidence. The study findings 
highlight that the investment in girls’ education, quality 
reproductive and maternal healthcare may significantly 
reduce the rate of babies born too soon and the economic 
burden of preterm birth. More studies need to be conducted 
to discover the hidden risk factors that drive the increase in 
preterm birth rate and finally to reduce the prevalence of 
preterm birth and its global burden.
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