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Abstract 

Background: Reducing maternal mortality is one of the key targets of the Sustainable Development Goals (SDGs). In 
response to the impact of increased birth rate on maternal and child safety following the implementation of the two-
child policy in 2013, the Chinese government implemented the risk management strategy (namely Five Strategies for 
Maternal and Newborn Safety, FSMNS) to reduce maternal mortality ratio (MMR). We aimed to analyze the changes 
in the proportion of pregnant women at high risk screened before and after the implementation of the risk manage-
ment strategy and the association with maternal mortality during the two-child policy era in China.

Methods: We conducted a nationwide longitudinal study using data obtained from the National Statistical Yearbook 
and the National Health Statistics Yearbook for all 31 provinces from 2008–2017 to assess and analyze the changes in 
the proportion of pregnant women at high risk screened before (2008–2013) and after (2014–2017) the implementa-
tion of the risk management strategy during the two-child policy era. We used generalized estimating equation (GEE) 
models to analyze the relationship between the proportion of pregnant women at high risk and MMR after control-
ling for sociodemographic factors, health resources, and other maternal healthcare factors.

Results: In the past decade, the number of livebirths in China increased by 32.3%, from 13.3 million in 2008 to 17.6 
million in 2017. The median proportion of pregnant women at high risk in 31 provinces increased by 64.8%, from 
14.87% in 2008 to 24.50% in 2017. The annual rate of increase in the median proportion of pregnant women at high 
risk after the implementation of risk management (1.33%) was higher than that before the implementation (0.74%). 
The median MMR in China decreased by 39.6%, from 21.7 per 100,000 livebirths in 2008 to 13.1 per 100,000 livebirths 
in 2017. The univariate GEE models showed that MMR decreased by 7.9% per year from 2008–2017 (cRR 0.92, 95% CI 
0.91–0.93), and the proportion of pregnant women at high risk was negatively correlated with MMR (cRR 0.97, 95%CI 
0.94–0.99; p = 0.001). In the multivariate GEE models, after adjusting for confounders, the proportion of pregnant 
women at high risk remained negatively correlated with MMR. In the subgroup analysis, the association of MMR with 
GDP per capita and government health expenditure per capita existed only prior to the implementation of risk man-
agement; while high MMR was associated with a low proportion of pregnant women at high risk after the implemen-
tation of risk management.
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Introduction
Maternal death is a major public health issue of common 
concern worldwide. It is estimated that 303 000 women 
died in 2015 during and following pregnancy and child-
birth [1]. During the past three decades, although sub-
stantial progress has been made in maternal survival, 
regional inequalities persist [2]. 99% of all maternal 
deaths occur in developing countries and the majority 
could have been prevented [1, 2]. As a developing coun-
try with the largest population in the world, China is one 
of the few countries which has achieved the Millennium 
Development Goals (MDGs) to reduce the maternal 
mortality ratio (MMR) by three-quarters [3, 4], decreas-
ing from 89 deaths per 100 000 livebirths in 1990 to 29 
deaths per 100 000 livebirths in 2015 [5, 6]. The govern-
ment’s strong commitment and implementation of strat-
egies to ensure access to delivery care in health facilities 
showcase the remarkable progress in maternal survival in 
China during the MDGs era [7].

To expedite the decline, the Sustainable Development 
Goals (SDGs) and the Global Strategy for Women’s, Chil-
dren’s and Adolescent’s Health (2016–2030) set the target 
of reducing the global MMR to less than 70 deaths per 
100 000 livebirths by 2030 [8, 9]. In October 2016, China 
committed to an important national medium and long-
term strategic plan for the health sector to fulfill its inter-
national SDGs commitment, namely the Healthy China 
2030 Plan, which was launched by the Central Commit-
tee of the Communist Party and the State Council in 
China [10, 11]. The target of MMR in the Healthy China 
2030 Plan is to reduce the national MMR to 12.0 deaths 
per 100 000 livebirths by 2030 [12]. To achieve the targets 
in the SDGs and Healthy China 2030, sustained progress 
in reducing MMR needs to be achieved in China. How-
ever, as China relaxed its one-child policy in November 
2013 [13], maternal and child health care challenges have 
arisen in the new multiparous era, such as the increased 
risk of potential complications of multiple and mature 
pregnancies, the shortage of the health workers required 
to meet the additional demand for maternal and newborn 
care services, and the increased demand for more sophis-
ticated prenatal, peripartum and neonatal care [14].

To guarantee maternal and newborn safety in the new 
multiparous era, the National Health Commission devel-
oped the risk management strategy (named the Five 
Strategies for Maternal and Newborn Safety, FSMNS). 
All health facilities conducted dynamic screening, 

evaluation, grading and management of pregnancy-
related risks for pregnant women from pregnancy to 
42  days after the delivery date, to timely discover and 
control the risk factors of pregnancy, prevent adverse 
pregnancy outcomes, and ensure maternal and newborn 
safety. Risk screening for pregnant women is initiated 
during the first visit to a healthcare facility, and the sec-
ondary or tertiary healthcare facilities which have mid-
wifery services conducted risk assessments and classified 
pregnancy risk into different levels. Medical records were 
then labelled with five colors of “green (low risk), yel-
low (general risk), orange (high risk), red (highest risk), 
and purple (infectious disease) to enhance classification 
management. High-risk mothers classified as orange, red, 
and purple were included for the case-by-case manage-
ment as the key population during the perinatal period 
to ensure whole-process management, dynamic super-
vision, centralized treatment, and to further ensure the 
screening, registration, reporting, management, and 
treatment of each high-risk pregnant woman. By imple-
menting the risk management strategy, China has unified 
the screening standards for high-risk pregnant women 
nationally, expanded the scope of high-risk pregnant 
women, and strengthened the management and referral 
of high-risk pregnant women. By improving the capa-
bility of maternal and child health workers in identify-
ing high-risk pregnant women, more high-risk pregnant 
women were identified and managed at an early stage. 
The MMR in China is stable with a slight decline [15].

In the context of efforts to achieve universal health 
coverage, improving maternal health is critical to fulfill-
ing the aspiration to reach SDG 3. The WHO has called 
for effective action and strategies to provide accessible, 
equal, proficient, and high-quality health care services to 
tackle the causes of maternal death globally [6]. However, 
knowledge about effective strategies to reduce MMR for 
developing countries is still lacking currently. Hence, this 
study will answer the following research question: What 
strategies can a country use to reduce the risk of death 
among pregnant women, specifically rapidly increasing 
numbers of pregnant women with limited health care 
resources? Has the risk management strategy contributed 
to the decline of MMR during the two-child policy era in 
China? In this study, we aimed to analyze the changes in 
the proportion of pregnant women at high risk screened 
before and after the implementation of the risk man-
agement strategy and the associated maternal mortality 

Conclusion: The national risk management strategy contributed to the stable decline of MMR in China during the 
two-child policy era. Further attention should be focused on pregnant women in China’s central and western regions 
to ensure reaching SDGs targets and the ‘Healthy China Plan’ by 2030.
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during the two-child policy era in China, to explore the 
factors that promote the reduction of maternal mortal-
ity, and to provide experience and evidence for other 
countries to develop appropriate strategies on reducing 
maternal mortality.

Methods
Study design
We conducted a nationwide longitudinal study to analyze 
changes in the proportion of pregnant women at high risk 
screened before the implementation of risk management 
(2008–2013) and after the implementation of risk man-
agement (2014–2017) in the past 10 years, and to analyze 
the associated maternal mortality after the adjustment of 
other confounding factors (i.e. sociodemographic status, 
medical resources, and maternal health care) that might 
affect the relationship of high-risk pregnant women 
and maternal mortality. After the adjustment of fertil-
ity policy in 2013, to guarantee maternal and newborn 
safety, the National Health Commission developed the 
risk management strategy (Supplemental Box 1), namely 
the Five Strategies for Maternal and Newborn Safety 
(FSMNS). The FSMNS strategy includes 1) a pregnancy 
risk screening and assessment strategy, 2) a case-by-
case management strategy for high-risk pregnancy, 3) 
critically ill pregnant women and newborn referral and 
treatment strategy, 4) a maternal death case reporting 
strategy, and 5) an accountability strategy. Among them, 
the pregnancy risk screening and assessment strategy 
is the foundation for high-quality perinatal healthcare. 
Standardized trainings for the implementation of the 
FSMNS strategy have been conducted nationwide. All 
pregnant women are screened and assessed by medical 
workers using uniform standards. According to the level 
of risk, their medical records are labeled with green (low 
risk), yellow (general risk), orange (high risk), red (high-
est risk), or purple (infectious disease) for classification 
and risk management. High risk mothers (labelled with 
orange, red and purple) are included as a key population 
in the case-by-case management strategy for high-risk 
pregnancy during the perinatal period. Pregnant women 
with different risk levels are transferred to different 
level maternal and child health (MCH) institutions for 
perinatal care and delivery (Fig. 1). The government pri-
oritizes limited high-quality medical resources for high-
risk pregnant women to ensure maternal and newborn 
safety. The core concept of the risk management strategy 
to reduce the risk of maternal death is the screening and 
management of high-risk pregnant women, thus we use 
the proportion of pregnant women at high risk as a key 
management indicator in this study. The need for ethics 
approval was waived by the Institutional Review Board 

of Peking University. All methods were carried out in 
accordance with the declaration of Helsinki.

Data sources
We extracted data of maternal health from the National 
Health Statistics Yearbooks [15], including the number 
of livebirths, maternal deaths, proportion of pregnant 
women at high risk, proportion of maternal systematic 
management, hospital delivery rate, and proportion of 
skilled birth attendance and sterile delivery in each prov-
ince between 2008 and 2017. The data of maternal health 
in the National Health Statistics Yearbooks were from the 
National Maternal and Child Health Annual Reporting 
System. The National Maternal and Child Health Annual 
Reporting System was established during the early 1980s 
and covers the entire Chinese population with popula-
tion-based data [16]. Since 1997, the National Maternal 
and Child Health Annual Report has established rigor-
ous quality control mechanisms to ensure data reliability, 
including data audits, supervision, and standardization of 
data collection methods [7].

We obtained government health expenditures per 
capita, the number of licensed doctors per 1000 popu-
lation, the number of licensed nurses per 1000 popula-
tion, and number of beds in medical institutions per 
1000 population in each province between 2008 and 2017 
from the National Health Statistical Yearbooks in China 
[15]. In order to better analyze the association between 
the MCH-related resources and maternal mortality, we 
extracted the number of beds dedicated to gynecology, 
obstetrics, and pediatrics in medical institutions. Then 
we divided it by the number of livebirths to obtain the 
number of beds of gynecology, obstetrics, and pediatrics 
per 1000 livebirths in each province.

We also extracted sociodemographic data of 31 prov-
inces from 2008 to 2017 from the National Statistical 
Yearbooks [17], including the resident population num-
ber, proportion of female illiterates aged 15 years or over, 
proportion of ethnic minorities, length of highways, 
crude birth rates, and gross domestic product (GDP) per 
capita in each province. In the National Statistical Year-
books, the resident population number in 2010 is from 
the 2010 National Census [18] and the estimated number 
of resident population in the other years is based on the 
annual population sampling surveys.

Proportion of pregnant women at high risk
The proportion of pregnant women at high risk is defined 
as the ratio of the number of high-risk pregnant women 
to the number of livebirths [15]. Among them, high-risk 
pregnant women refer to the number of women who have 
certain pathological factors during pregnancy that may 
harm pregnant women, fetuses, newborns or dystocia. 
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The proportion of pregnant women at high risk in the 31 
provinces between 2008 to 2017 was extracted from the 
National Health Statistics Yearbooks [15].

Outcomes
MMR is the primary outcome in this study. We 
extracted the provincial data of MMR between 2008 
to 2017 from the National Health Statistics Yearbooks 
[15], Provincial-level MMR in the National Health 

Statistics Yearbook are from the National Maternal 
and Child Health Annual Report. Maternal deaths are 
defined as deaths of women who are pregnant or death 
within 42  days of the termination of the pregnancy, 
irrespective of the duration and site of the pregnancy, 
or from any cause related to or aggravated by the preg-
nancy or management, but not from accidental or 
incidental causes, which is identical to the WHO’s defi-
nition [19].

Fig. 1 Risk management strategy among pregnant women in China
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Data analysis
MMRs were presented as median with interquartile 
range. We compared the proportion of pregnant women 
at high risk before the implementation of risk manage-
ment (2008–2013) and after the implementation of risk 
management (2014–2017) in the past 10 years. We used 
heat maps to show the trends of the proportion of preg-
nant women at high risk and MMR at provincial level 
from 2008 to 2017 in China.

Generalized estimating equation (GEE) models were 
applied to estimate the association between propor-
tion of pregnant women at high risk and maternal death, 
which dedicated for analysis of longitudinal data with 
repeated measures over time. We chose the most com-
monly used method (GEE) to examine the association of 
risk factors or policy-intervention factors on maternal 
mortality [7, 20, 21], and to make it comparable to pre-
vious studies. We used the GEE model with a negative 
binomial distribution and log link function to control for 
the skewed nature of maternal death. In the univariate 
GEE model, after controlling the effect of time, the asso-
ciation between the proportion of pregnant women at 
high risk and MMR was analyzed by including the yearly 
variables, the proportion of pregnant women at high 
risk and MMR in the model. Crude risk ratios (cRRs) 
with 95% confidence interval (CI) were calculated. In the 
multivariate GEE models, the association between the 
proportion of pregnant women at high risk and mater-
nal death was examined after the adjustment of sociode-
mographic factors (including region, year, proportion 
of female illiterates aged 15  years and over, proportion 
of ethnic minorities, length of highways, crude birth 
rates, and GDP per capita), health resource (number of 
licensed doctors and nurses per 1000 population, num-
ber of beds of gynecology, obstetrics, and pediatrics per 
1000 livebirths, and government health expenditures per 
capita), and other maternal health factors (proportion of 
maternal systematic management, hospital delivery rate, 
and proportion of skilled birth attendance and sterile 

delivery) by including all the above variables in the mod-
els. The adjusted risk ratios (aRRs) with 95% confidence 
interval (CI) were calculated. To examine the robustness 
of our findings, we performed a sensitivity analysis that 
adjusted only for maternal health factors and sociodemo-
graphic factors in the multivariate GEE models, instead 
of adjusting all the covariates in the full multivariate 
model. In the subgroup analysis, we assessed the relation-
ship between the proportion of pregnant women at high 
risk and maternal death stratified by periods (before risk 
management and after risk management) after adjusting 
for other potential risk factors. All of the analyses were 
completed with SAS software, version 9.4 and Stata soft-
ware, version 14. Two-sided p values of less than 0·05 
were deemed to be statistically significant.

Results
In the past decade, the number of livebirths in China 
increased by 32.3%, from 13.3 million in 2008 to 17.6 
million in 2017. The median proportion of pregnant 
women at high risk in 31 provinces increased by 64.8%, 
from 14.87% in 2008 to 24.50% in 2017. The annual rate 
of increase in the median proportion of pregnant women 
at high risk after the implementation of risk management 
(1.33%) was higher than that before the implementation 
(0.74%). After the implementation of risk management, 
the median proportion of high-risk women screened in 
the eastern, central, and western regions was significantly 
higher than before the implementation (all P < 0.05, 
Table 1). There were also differences in sociodemographic 
factors, health resources, and other maternal healthcare 
factors in China during the two periods before and after 
the implementation of risk management (Fig. 2).

The median MMR in China decreased by 39.6%, from 
21.7 per 100,000 livebirths in 2008 to 13.1 per 100,000 
livebirths in 2017 (Table 2). The annualized rate of decline 
in MMR during 2008–2017 and the median MMR in 
2017 in the western region was both higher than that in 
the eastern and central regions (Supplemental Fig. 1).

Table 1 Proportion of pregnant women at high risk before and after implementation of risk management

Data for proportion of pregnant women at high risk are showed as median (IQR). *P < 0.05

Before risk management (2008–2013) After risk management (2014–2017)

Livebirths (n) Proportion of high-risk pregnant 
women (%)

Livebirths (n) Proportion of high-
risk pregnant women 
(%)

Total* 86,409,422 16.48 (12.10, 21.90) 65,768,781 22.45 (16.20, 30.85)

Region

 Eastern* 32,212,892 20.85 (12.63, 33.80) 27,045,494 32.60 (16.20, 47.85)

 Central* 29,422,851 13.95 (12.85, 17.48) 20,381,043 19.10 (17.50, 27.15)

 Western* 24,773,679 14.89 (10.70, 20.65) 18,342,244 19.85 (13.30, 27.25)
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In the univariate GEE model, proportion of preg-
nant women at high risk was negatively correlated with 
MMR (RR 0.97, 95% CI 0.94–0.99, Fig. 3 and Table 3). In 

addition, region, year, proportion of ethnic minorities, 
length of highways, crude birth rates, and GDP per cap-
ita, and hospital delivery rates were also associated with 

Fig. 2 Sociodemographic status, health resource, and maternal healthcare parameters, by period
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MMR (Table 3). MMR decreased by 7.9% per year during 
2008–2017 (RR 0.92, 95% CI 0.91–0.93), and MMR in the 
western region was significantly higher than that in the 
eastern region (RR 3.67, 95% CI 2.02–6.67).

In the multivariate GEE model, after adjusting for soci-
odemographic factors, health resources, and maternal 
healthcare factors, the proportion of pregnant women at 
high risk was still negatively correlated with MMR (aRR 
0.99, 95% CI 0.98–1.00, Table 3). MMR decreased by 3% 
per year from 2008–2017 (aRR 0.97, 95% CI 0.95–1.00). 
In addition, western and central regions with a high pro-
portion of ethnic minorities, inadequate length of high-
ways, low GDP per capita, and low hospital delivery 
rates were associated with high MMR (p < 0.05). In the 
sensitivity analysis, the results were stable after adjust-
ing only for maternal healthcare and sociodemographic 
covariates.

In the subgroup analysis, association of MMR with 
GDP per capita and government health expenditure per 
capita existed only before the implementation of risk 
management; while high MMR was associated with a 
low proportion of pregnant women at high risk after the 
implementation of risk management (aRR 0.99, 95% CI 
0.98–1.00, Fig. 4). Either before or after the implementa-
tion of risk management the western and central regions 
with ahigh proportion of ethnic minorities, inadequate 
length of highways were associated with high MMR (all 
P < 0.05, Fig. 4 and supplemental Table 1).

Discussion
This is the first study that analyzed the changes in the 
proportion of pregnant women at high risk screened 
before and after the implementation of the risk 

management strategy and the associated maternal mor-
tality during the two-child policy era in China. Our 
study found that the median proportion of pregnant 
women at high risk in 31 provinces in China increased 
by 64.8%, from 14.87% in 2008 to 24.50% in 2017, and 
the annualized rate of increase in the median propor-
tion of pregnant women at high risk after the imple-
mentation of risk management was higher than that 
before the implementation. These might be related 
to the risk management based on FSMNS strategy 
adopted by the government after the implementation of 
the two-child policy, and might also be related to the 
increased proportion of pregnant women at high risk of 
comorbidities and complications. In November 2013, 
the Chinese government firstly loosened the one-child 
policy that had been implemented for three decades to 
the two-child policy. Previous studies showed that the 
proportions of pregnant women with advanced mater-
nal age (over 40  years), multipara, irregular prenatal 
care, and referrals from lower-level hospitals were all 
significantly increased after the implementation of the 
two-child policy [22]. Moreover, prevalence of hyper-
tensive disorder complicating pregnancy, gestational 
diabetes mellitus, placenta previa, placenta accrete 
spectrum, and severe postpartum hemorrhage was also 
increased significantly during the two-child policy era 
[22, 23]. The increased proportion of pregnant women 
at high risk of complications brought a heavier burden 
of critically ill pregnant women and also brought new 
challenges to the decrease of MMR during the two-
child policy era [14, 24, 25]. Timely screening and effec-
tive management of pregnant women at high risk is 
crucial to reducing maternal mortality.

Table 2 Trends in maternal mortality in China from 2008 to 2017

Year Number of livebirths Maternal mortality ratio (per 100 000 livebirths)

Total Eastern Central Western

Median (IQR) Range Median (IQR) Median (IQR) Median (IQR)

Before risk management (2008–2013)

 2008 13,307,045 21.70 (15.95–35.20) 6.57–233.96 12.32 (7.79, 16.78) 21.36 (18.88, 28.06) 40.38 (28.09, 53.41)

 2009 13,825,431 19.20 (13.70–30.10) 5.20–232.20 11.90 (9.50, 14.60) 18.10 (17.10, 22.50) 33.20 (26.30, 44.85)

 2010 14,218,657 20.70 (12.10–29.70) 3.60–174.80 11.50 (7.40, 13.10) 18.55 (14.90, 24.30) 34.20 (22.90, 40.25)

 2011 14,507,141 15.70 (10.20–22.80) 1.20–180.70 9.70 (6.40, 11.40) 16.10 (11.60, 16.70) 23.70 (20.15, 36.90)

 2012 15,442,995 11.70 (9.90–24.40) 1.40–176.10 9.20 (4.00, 10.50) 11.60 (10.70, 16.90) 25.25 (18.15, 31.05)

 2013 15,108,153 14.20 (10.20–17.90) 1.90–154.50 9.30 (8.30, 10.70) 14.25 (11.15, 15.80) 21.65 (15.30, 30.25)

After risk management (2014–2017)

 2014 15,178,881 14.10 (9.00–19.50) 1.90–108.90 8.80 (5.50, 10.30) 12.95 (10.10, 14.85) 19.55 (16.55, 30.05)

 2015 14,544,524 11.10 (8.50–17.80) 2.30–101.00 8.30 (5.70, 8.50) 13.55 (9.80, 14.80) 19.40 (14.65, 27.75)

 2016 18,466,561 12.70 (9.40–17.50) 2.20–109.90 9.20 (5.70, 10.50) 12.55 (9.65, 14.20) 18.75 (14.35, 27.40)

 2017 17,578,815 13.10 (9.00–19.70) 1.10–95.00 8.30 (6.00, 10.40) 12.80 (10.00, 14.40) 17.35 (13.70, 26.45)
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We found that the proportion of pregnant women 
at high risk was negatively correlated with MMR after 
controlling for other confounding factors. After the 
implementation of risk management, the proportion 
of high-risk pregnant women was negatively correlated 
with MMR, while there was no statistically significant 
association before risk management. These findings 
indicated that the risk management strategy promoted 

the MMR in China stably with a slight decline dur-
ing the two-child policy era. Previous studies demon-
strated that timely access to risk-appropriate obstetric 
and neonatal care could reduce perinatal mortality [26]. 
The risk management strategy ensures high-risk preg-
nant women timely receive appropriate obstet-
ric care through risk screening, assessment, grading, 
and referral.

Fig. 3 Trends of maternal mortality ratio and proportion of pregnant women at high risk in China
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According to the FSMNS, risk screening is fundamen-
tal and crucial to identify pregnant women at relatively 
high risk of maternal death, which is a dynamic and 
ongoing strategy throughout the whole pregnancy cycle. 
For the high-risk mothers who are classified as orange, 
red, and purple in the management information system 
are included for the case-by-case management as the key 
population during the perinatal period to ensure whole-
process management, dynamic supervision, centralized 
treatment, and to further ensure the screening, regis-
tration, reporting, management, and treatment of each 
pregnant woman at high risk. The yellow, orange, red, 
and purple classified pregnant women are transferred 
to secondary or tertiary health facilities to receive fur-
ther maternal health services and hospital delivery. Preg-
nant women with different risk levels are transferred to 
different level maternal and child health institutions for 
perinatal care and delivery. The government prioritizes 
limited high-quality medical resources for high-risk preg-
nant women to ensure maternal and newborn safety. A 
nationwide network of critically ill pregnant women and 
newborn referral and treatment has been established, 
including a total of 3 369 maternal critical care cent-
ers and 3 070 neonatal critical care centers. Previous 

studies showed that the burden of maternal mortality 
has affected increasing numbers of women in some high-
income countries [27, 28]. To reduce maternal mortality 
in the United States, a classification system for levels of 
maternal care was developed, including basic care (level 
I), specialty care (level II), subspecialty care (level III), 
and regional perinatal health care centers (level IV) [26]. 
Pregnant women at high risk could receive care in facili-
ties that are prepared to provide the required level of spe-
cialized care, to better reduce maternal mortality in the 
United States [26].

MMR is one of the key indicators in the SDGs and 
Healthy China 2030. In this national longitudinal study, 
we found that MMR in 31 provinces decreased by 7.9% 
per year from 2008–2017. Our findings support that 
MMR has been significantly reduced due to risk manage-
ment after the implementation of FSMNS. For example, 
the proportion of MMR caused by pregnancy-induced 
hypertension (the second leading cause of MMR in 
China) has reduced from 3.0 deaths per 100,000 livebirths 
in 2008 to 2.0 deaths per 100,000 livebirths in 2017, even 
though the number of pregnancy-induced hypertension 
has increased significantly after the two-child policy. Our 
findings also support that the overall MMR in China had 

Table 3 Association between the proportion of pregnant women at high risk and maternal mortality in the GEE model

* P < 0.05
a In the univariate GEE model, we controlled the effect of time
b Risk ratios were adjusted for sociodemographic factors (including region, year, proportion of female illiterates aged 15 years or over, proportion of ethnic minorities, 
length of highways, crude birth rates, and GDP per capita), health resource (number of licensed doctors and nurses per 1000 population, number of beds of 
gynecology, obstetrics, and pediatrics per 1000 livebirths, and government health expenditures per capita), and other maternal health factors (proportion of maternal 
systematic management, hospital delivery rate, and proportion of skilled birth attendance and sterile delivery)

Factors Unadjusted  modela Adjusted  modelb

Risk ratio (95% CI) P Value Risk ratio (95% CI) P Value

Proportion of pregnant women at high risk (%) 0.97 (0.94,0.99) 0.001* 0.99 (0.98,1.00) 0.002*

Region

 Eastern 1 (Reference) - 1 (Reference) -

 Central 1.61 (1.22,2.13) 0.001* 1.33 (1.13,1.57) 0.001*

 Western 3.67 (2.02,6.67)  < 0.001* 1.37 (1.14,1.65) 0.001*

 Year 0.92 (0.91,0.93)  < 0.001* 0.97 (0.95,1.00) 0.035*

 Proportion of female illiterates aged 15 years or over (%) 1.01 (0.99,1.03) 0.263 1.01 (1.00,1.02) 0.114

 Proportion of ethnic minorities (%) 1.03 (1.02,1.03)  < 0.001* 1.01 (1.01,1.02)  < 0.001*

 Length of highways (1000 km) 0.93 (0.90,0.96)  < 0.001* 0.94 (0.90,0.98) 0.005*

 Crude birth rates (%) 1.03 (1.01,1.06) 0.016* 0.98 (0.95,1.01) 0.188

 GDP per capita (10 000 RMB) 0.92 (0.87,0.97) 0.004* 0.91 (0.86,0.97) 0.004*

 Number of licensed doctors and nurses per 1000 population 1.02 (1.00,1.05) 0.053 1.04 (0.98,1.09) 0.196

 Number of beds of gynecology, obstetrics, and pediatrics per 1000 
livebirths

1.00 (1.00,1.00) 0.674 1.00 (1.00,1.00) 0.791

 Government health expenditures per capita (1000 RMB) 1.14 (0.83,1.57) 0.43 1.06 (0.84,1.34) 0.609

 Proportion of maternal systematic management (%) 1.00 (0.99,1.01) 0.656 1.00 (0.99,1.00) 0.504

 Hospital delivery rate (%) 0.98 (0.96,0.99) 0.008* 0.99 (0.98,1.00) 0.002*

 Proportion of skilled birth attendance and sterile delivery (%) 0.99 (0.93,1.06) 0.734 1.00 (0.99,1.00) 0.733
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reached the SDGs goal of reducing MMR to less than 70 
deaths per 100,000 livebirths [8]. However, there is still a 
gap to reaching the goal of the Healthy China 2030 Plan 
which set the goal of reducing MMR to 12 deaths per 
100,000 livebirths by 2030 [12]. Concerted efforts should 
be made to achieve the goal of Healthy China 2030 Plan 
on MMR in the future.

Moreover, we also found significant regional inequities 
exist in MMR. For example, MMR in Shanghai province 
from the eastern region was only 1.1 deaths per 100 000 
livebirths in 2017, which is significantly lower than the 
MMR target set in Healthy China 2030 Plan and ahead 
of schedule. However, MMR in Tibet from the western 
region (95 deaths per 100 000 livebirths) is still far from 
the global level of SDG target. The regional inequities in 

MMR had also been reported in previous studies [4.7]. 
Besides the similar findings on regional inequities, our 
findings added to the evidence from the perspective 
of health services delivery. Gao and colleagues [7] used 
national data between 1997 to 2014 and found that the 
MMR in the western region was 118% higher than that in 
the eastern region (2.18, 1.44–3.28), and MMR in the cen-
tral region was 41% higher than that in the eastern region 
(1.41, 0.99–2.01). Our results on regional inequities were 
slightly lower than those reported by Gao and colleagues 
[7], which might be related to the different scope of years 
in the two studies, and the regional differences in the 
early years are more pronounced. The regional inequities 
in MMR were gradually decreasing [4]. Another reason 
might be the different confounding factors controlled 

Fig. 4 Association between the proportion of pregnant women at high risk and maternal mortality stratified by the implementation of risk 
management
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in these studies. We additionally controlled mater-
nal healthcare factors which might be associated with 
maternal mortality, such as hospital delivery rates. It was 
worth noting that, we found MMR in the central region 
is fluctuating, unlike the continuous decline of MMR in 
the eastern and western regions. Our findings indicated 
that maternal health in the central region was not a major 
focus during the two-child policy era, which has not been 
reported in previous studies. One possible explanation of 
the findings is that the proportion of high-risk pregnant 
women in central China was significantly higher than that 
of the less economically-developed western region dur-
ing the two-child policy era, while health resources were 
not as advanced as the better economically-developed 
eastern region. The supply of medical services could not 
meet the rapidly increased needs of high-level maternal 
and child healthcare in the central region, there is much 
pressure on preventing maternal deaths. The supple-
mentary allocation of medical resources has been more 
invested in the western regions where medical resources 
have been limited in the past decades. How to strengthen 
the prevention of maternal mortality in central China 
is an important issue. There are some steps that can be 
taken in the future, for example, strengthening the case 
analysis of maternal deaths, optimizing the management 
process for the problems found at the service providing 
level, giving adequate consideration to the central region 
when building a new national or provincial referral center 
for critical illness of pregnant women.

In this study, we also found that the socio-demographic 
factors such as high proportion of ethnic minorities, 
inadequate length of highways, and low GDP per capita 
were related to high MMR, which was consistent with 
previous studies [7, 29, 30]. The association between high 
hospital delivery rates and low MMR was well established 
in previous studies [31]. Over the past two decades, 
financial subsidies for hospital deliveries for rural women 
largely increased the hospital delivery rate in the west-
ern regions, which promoted a rapid decline of MMR 
in the western regions [7]. At present, the national hos-
pital delivery rate in the country has reached 99.8% [15]. 
However, since 2018, the Chinese government no longer 
allocates special funds to subsidize hospital deliveries for 
rural women. Medical expenses of hospital deliveries for 
rural women are only covered by basic medical insurance 
for urban and rural residents. The impact of the termina-
tion of financial subsidies for hospital deliveries on hos-
pital delivery rates and MMR of women in the western 
poorest provinces needs to be assessed in the further 
studies.

Many countries still struggle to meet the SDGs target of 
fewer than 70 deaths per 100,000 livebirths by 2030 [28, 
32]. Although the burden of MMR disproportionately 

occurs in low and middle-income countries (LMICs), it 
also affects increasing number of women in some high-
income countries due to the increase in maternal deaths 
due to indirect causes in recent years [27, 28]. As one of 
the LMICs, China has the largest population in the world 
and has achieved remarkable progress in reducing MMR 
during MDGs period [4]. China’s efforts on risk manage-
ment to reduce MMR could provide experience for other 
countries. However, this study also has several limita-
tions. First, this study is a provincial-based analysis based 
on national data, and has not been analyzed at the county 
level. However, at the county level, there will be of greater 
fluctuation of MMR due to the relatively small number of 
livebirths and the smaller number of observed maternal 
deaths in individual counties, while provincial level data 
can avoid this situation. Second, due to the lack of reli-
able data on the characteristics of pregnant women in 
different provinces (such as the proportion of advanced 
maternal age, prevalence of gestational hypertension and 
scarred uterus), we did not include the characteristics of 
pregnant women in multivariate analysis, which might 
have an impact on the further analysis of the results. 
Third, the long-term effect after the implementation of 
the risk management strategy cannot be evaluated in this 
study. It is necessary to further evaluate the long-term 
effects of the risk management strategy in the future. 
Fourth, we used the MMR data from the National Health 
Statistics Yearbooks, that the underestimation of MMR 
different from the national individual-level data might 
lead to the underestimation on the effect of the FSMNS 
risk management package. Fifth, the data in this study up 
to 2017 that the impact of COVID-19 on MMR could not 
be examined in this study. Some studies had reported the 
increase of MMR and other adverse outcomes caused by 
the COVID-19 pandemic [33, 34]. The optimal strategy 
on risk management of infectious disease and guaran-
tee of maternal health services during the pandemic to 
reduce the impact on maternal health needs to be explore 
in the future.

In conclusion, the national risk management strat-
egy among pregnant women contributed to the stable 
decline of MMR in China during the two-child policy 
era. China’s efforts on risk management to reduce MMR 
could also provide experience for other countries. More 
attention should be paid to pregnant women in central 
China with obviously fluctuant MMR in recent years, 
and in western China with higher MMR but limited 
health resources. China should continue to implement 
risk management based on FSMNS, strengthen the 
screening of high-risk groups and the training of mater-
nal and child health workers in the future, to ensure 
reaching the targets of SDGs and the Healthy China 
Plan by 2030 on time.



Page 12 of 13Liu et al. BMC Health Services Research          (2022) 22:335 

Availability of data and materials section
The datasets generated and analyzed during the cur-
rent study are available in the database of yearbooks in 
the CNKI platform (https:// data. cnki. net/ area/ yearb ook/ 
search? v= & iss= 0&t= c&z= D09).

Supplementary Information
The online version contains supplementary material available at https:// doi. 
org/ 10. 1186/ s12913- 022- 07721-z.

Below is the link to the electronic supplementary material.Additional 
file 1: Supplemental Figure 1. Maternal mortality ratio and its annualised 
rate of decline by province, 2008-2017. (A) Maternal mortality ratio by 
province in 2017. (B) Annualised rate of decline in maternal mortality ratio 
by province, 2008-2017. Supplemental Box 1. Supplemental table 1. 
Association between the proportion of pregnant women at high risk and 
maternal mortality stratified by the implementation of risk management.

Acknowledgements
We thank all the maternal and child health workers in 31 provinces for their 
great effects made in the implementation of the Five Strategies for Maternal 
and Newborn Safety to reduce maternal mortality ratio (MMR) by risk manage-
ment based on FSMNS. We also thank all the staff members related with the 
maternal and child health data for their great efforts in data collection.

Authors’ contributions
JL designed the study, searched the literature, designed the study, analyzed 
the data, interpreted the results, and drafted the manuscript. JL and WJ col-
lected the data and revised the manuscript. ML conceived the study, designed 
the study, supervised the study, interpreted the results, and revised the manu-
script. All authors contributed to the writing of the manuscript.

Funding
This research was supported by the National Natural Science Foundation (72122001; 
71934002). The funders had no role in the study design, data collection, analysis, 
interpretation, decision to publish, or preparation of the manuscript.

Declarations

Ethics approval and consent to participate
Data is publicly available from the National Health Statistics Yearbooks and 
National Statistical Yearbooks, thus the ethics approval and consent to partici-
pate is waived from the IRB of Peking University.

Consent for publication
Not Applicable.

Competing interests
The authors declare that they have no competing interests.

Author details
1 Department of Epidemiology and Biostatistics, School of Public Health, 
Peking University, Haidian District, No.38, Xueyuan Road, Beijing 100191, 
China. 2 National Health Commission Key Laboratory of Reproductive Health, 
Peking University Health Science Center, No.38, Xueyuan Road, Haidian 
District, Beijing 100191, China. 3 Peking University Institute for Global Health 
and Development, Peking University, No.5 Yiheyuan Road Haidian District, 
Beijing 100871, People’s Republic of China. 

Received: 19 August 2021   Accepted: 3 March 2022

References
 1. WHO. Fact sheet: Maternal mortality. http:// origin. who. int/ media centre/ 

facts heets/ fs348/ en/ (accessed 10 Feb 2019).

 2. GBD 2015 Maternal Mortality Collaborators. Global, regional, and national 
levels of maternal mortality, 1990–15: a systematic analysis for the Global 
Burden of Disease Study 2015. Lancet. 2016;388:1775–812.

 3. Countdown to 2015. A decade of tracking progress for maternal, new-
born and child survival: the 2015 report. http:// count down2 030. org/ 
docum ents/ 2015R eport/ Count down_ to_ 2015_ final_ report. pdf. Geneva: 
United Nations International Children’s Emergency Fund and World 
Health Organization, 2015 (accessed 10 Feb 2019).

 4. Liang J, Li X, Kang C, et al. Maternal mortality ratios in 2852 Chinese coun-
ties, 1996–2015, and achievement of millennium development goal 5 in 
china: a subnational analysis of the global burden of disease study 2016. 
Lancet. 2019;393(10168):241–52.

 5. Ministry of Foreign Affairs People’s Republic of China, United Nations 
System in China. Report on China’s Implementation of the Millennium 
Development Goals (2000–2015). 2015. http:// www. cn. undp. org/ conte nt/ 
china/ zh/ home/ libra ry/ mdg/ mdgs- report- 2015-/ (accessed 10 Feb 2019).

 6. UNICEF. 2019. Trends in maternal mortality: 2000 to 2017: estimates by 
WHO, UNICEF, UNFPA, World Bank Group and the United Nations Popula-
tion Division. World Health Organization. Geneva. https:// data. unicef. org/ 
resou rces/ trends- mater nal- morta lity- 2000- 2017/

 7. Gao Y, Zhou H, Singh NS, et al. Progress and challenges in maternal health 
in western China: a Countdown to 2015 national case study. Lancet Glob 
Health. 2017;5:e523–36.

 8. The United Nations. About the Sustainable Development Goals. https:// 
www. un. org/ susta inabl edeve lopme nt/ susta inable- devel opment- goals/ 
(accessed 10 Feb 2019).

 9. WHO. The Global Strategy for women’s, Children’s and Adolescent’s Health 
(2016–2030). http:// www. who. int/ life- course/ partn ers/ global- strat egy/ 
ewec- globa lstra tegyr eport- 200915. pdf? ua=1 (accessed 10 Feb 2019).

 10. Fu W , Zhao S , Zhang Y , et al. Research in health policy making in China: 
out-of-pocket payments in Healthy China 2030. BMJ, 2018;360:k234..

 11. Lancet T. The best science for achieving Healthy China 2030. Lancet. 
2016;388(10054):1851.

 12. The State Council of the People’s Republic of China. The Healthy China 
2030 Plan. http:// www. gov. cn/ zheng ce/ 2016- 10/ 25/ conte nt_ 51241 74. 
htm (accessed 10 Feb 2019).

 13. Zeng Y, Hesketh T. The effects of China’s universal two-child policy. Lan-
cet. 2016;388:1930–8.

 14. Cheng PJ, Duan T. China’s new two-child policy: maternity care in the 
new multiparous era. BJOG. 2016;123:7–9.

 15. National Health Commission of the People’s Republic of China. The. China 
health statistics yearbook. Beijing: China Union Medical University Press; 
2018. p. 2018.

 16. Xu ZY. The role of MCH information in the process of achieving MDG. 
International Forum on Countdown to 2015 Progress in maternal and 
child survival in China; Beijing; Oct 26, 2015. http:// www. unicef. cn/ en/ 
uploa dfile/ 2015/ 1119/ 20151 11905 14191 07. pdf (accessed 10 Feb 2019)

 17. National Bureau of Statistics of China. China statistical yearbook 2018. 
Beijing: National Bureau of Statistics of China, 2018.

 18. Population Census Office under the State Council, Department of 
Population and Employment Statistics of National Bureau of Statistics. 
Tabulation on the 2010 population census of the People’s Republic of 
China. Beijing: China Statistics Press; 2012.

 19. WHO. Health statistics and information systems: maternal mortality ratio 
(per 100 000 live births). http:// www. who. int/ healt hinfo/ stati stics/ indma 
terna lmort ality/ en (accessed 10 Feb 2019).

 20. Main EK, Chang SC, Dhurjati R, Cape V, Profit J, Gould JB. Reduction in 
racial disparities in severe maternal morbidity from hemorrhage in a 
large-scale quality improvement collaborative. Am J Obstet Gynecol. 
2020;223(1):123.e1-123.e14.

 21. Dumont A, Fournier P, Abrahamowicz M, Traoré M, Haddad S, Fraser WD, 
QUARITE research group. Quality of care, risk management, and technology 
in obstetrics to reduce hospital-based maternal mortality in Senegal and Mali 
QUARITE: a cluster-randomised trial. Lancet. 2013;382(9887):146–57.

 22. Zhang HX, Zhao YY, Wang YQ. Analysis of the characteristics of pregnancy 
and delivery before and after implementation of the two-child policy. 
Chin Med J (Engl). 2018;131:37–42.

 23. Zeng C, Yang M, Ding Y, Duan S, Zhou Y. Placenta accreta spectrum 
disorder trends in the context of the universal two-child policy in China 
and the risk of hysterectomy. Int J Gynaecol Obstet. 2018;140:312–8.

https://data.cnki.net/area/yearbook/search?v=&iss=0&t=c&z=D09
https://data.cnki.net/area/yearbook/search?v=&iss=0&t=c&z=D09
https://doi.org/10.1186/s12913-022-07721-z
https://doi.org/10.1186/s12913-022-07721-z
http://origin.who.int/mediacentre/factsheets/fs348/en/
http://origin.who.int/mediacentre/factsheets/fs348/en/
http://countdown2030.org/documents/2015Report/Countdown_to_2015_final_report.pdf
http://countdown2030.org/documents/2015Report/Countdown_to_2015_final_report.pdf
http://www.cn.undp.org/content/china/zh/home/library/mdg/mdgs-report-2015
http://www.cn.undp.org/content/china/zh/home/library/mdg/mdgs-report-2015
https://data.unicef.org/resources/trends-maternal-mortality-2000-2017/
https://data.unicef.org/resources/trends-maternal-mortality-2000-2017/
https://www.un.org/sustainabledevelopment/sustainable-development-goals/
https://www.un.org/sustainabledevelopment/sustainable-development-goals/
http://www.who.int/life-course/partners/global-strategy/ewec-globalstrategyreport-200915.pdf?ua=1
http://www.who.int/life-course/partners/global-strategy/ewec-globalstrategyreport-200915.pdf?ua=1
http://www.gov.cn/zhengce/2016-10/25/content_5124174.htm
http://www.gov.cn/zhengce/2016-10/25/content_5124174.htm
http://www.unicef.cn/en/uploadfile/2015/1119/20151119051419107.pdf
http://www.unicef.cn/en/uploadfile/2015/1119/20151119051419107.pdf
http://www.who.int/healthinfo/statistics/indmaternalmortality/en
http://www.who.int/healthinfo/statistics/indmaternalmortality/en


Page 13 of 13Liu et al. BMC Health Services Research          (2022) 22:335  

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

 24. Gong W, Xu D, Caine ED. Challenges arising from China’ s two-child policy. 
Lancet. 2016;387(10025):1274.

 25. National Health Commission of the People’s Republic of China. Recom-
mdation on the effective implementation of advanced maternal man-
agement services and clinical treatment. 2016. http:// www. nhfpc. gov. cn/ 
fys/ s3581/ 201604/ 73f28 53f2c 634df 7bb1d 577d9 de845 cc. shtml (acces sed 
10 Feb 2019).

 26. Menard MK, Kilpatrick S, Saade G, et al. Levels of maternal care. Am J 
Obstet Gynecol. 2015;212:259–71.

 27 MacDorman MF, Declercq E, Cabral H, Morton C. Recent Increases in the 
U.S. maternal mortality rate: disentangling trends from measurement 
issues. Obstet Gynecol. 2016;128(3):447–55.

 28. Beeson JG, Homer CSE, Morgan C, Menendez C. Multiple morbidi-
ties in pregnancy: Time for research, innovation, and action. Plos Med. 
2018;15:e1002665.

 29. Ren Y, Qian P, Duan Z, Zhao Z, Pan J, Yang M. Disparities in health system 
input between minority and non-minority counties and their effects on 
maternal mortality in Sichuan province of western China. BMC Public 
Health 2017;17.

 30. Holdt Somer SJ, Sinkey RG, Bryant AS. Epidemiology of racial/ethnic 
disparities in severe maternal morbidity and mortality. Semin Perinatol. 
2017;41:258–65.

 31. Feng XL, Guo S, Hipgrave D, Zhu J, Zhang L, Song L, et al. China’s 
facility-based birth strategy and neonatal mortality: a population-based 
epidemiological study. Lancet. 2011;378:1493–500.

 32. United Nations. Global indicator framework for the Sustainable Develop-
ment Goals and targets of the 2030 Agenda for Sustainable Develop-
ment New York: United Nations. 2015.

 33. Du M, Yang J, Han N, Liu M, Liu J. Association between the COVID-19 
pandemic and the risk for adverse pregnancy outcomes: a cohort study. 
BMJ Open. 2021;11(2):e047900.

 34. Chmielewska B, Barratt I, Townsend R, Kalafat E, van der Meulen J, 
Gurol-Urganci I, et al. Effects of the COVID-19 pandemic on maternal and 
perinatal outcomes: a systematic review and meta-analysis. Lancet Glob 
Health. 2021;9(6):e759–72.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

http://www.nhfpc.gov.cn/fys/s3581/201604/73f2853f2c634df7bb1d577d9de845cc.shtml(accessed
http://www.nhfpc.gov.cn/fys/s3581/201604/73f2853f2c634df7bb1d577d9de845cc.shtml(accessed

	Risk management of pregnant women and the associated low maternal mortality from 2008–2017 in China: a national longitude study
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusion: 

	Introduction
	Methods
	Study design
	Data sources
	Proportion of pregnant women at high risk
	Outcomes
	Data analysis

	Results
	Discussion
	Availability of data and materials section
	Acknowledgements
	References


