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Introduction: Under-five mortality rate (U5MR) and maternal mortality rate (MMR) 
are important indicators for evaluating the quality of perinatal health and child 
health services in a country or region, and are research priorities for promoting 
maternal and infant safety and maternal and child health. This paper aimed to 
analysis and predict the trends of U5MR and MMR in China, to explore the impact 
of social health services and economic factors on U5MR and MMR, and to provide 
a basis for relevant departments to formulate relevant policies and measures.

Methods: The JoinPoint regression model was established to conduct time trend 
analysis and describe the trend of neonatal mortality rate (NMR), infant mortality 
rate (IMR), U5MR and MMR in China from 1991 to 2020. The linear mixed effect 
model was used to assess the fixed effects of maternal health care services and 
socioeconomic factors on U5MR and MMR were explored, with year as a random 
effect to minimize the effect of collinearity. Auto regressive integrated moving 
average models (ARIMA) were built to predict U5MR and MMR from 2021 to 2025.

Results: The NMR, IMR, U5MR and MMR from 1991 to 2020  in China among 
national, urban and rural areas showed continuous downward trends. The NMR, 
IMR, U5MR and MMR were significantly negatively correlated with gross domestic 
product (GDP), the proportion of the total health expenditure (THE) to GDP, 
system management rate, prenatal care rate, post-natal visit rate and hospital 
delivery rate. The predicted values of national U5MR from 2021 to 2025 were 7.3 
‰, 7.2 ‰, 7.1 ‰, 7.1 ‰ and 7.2 ‰ and the predicted values of national MMR were 
13.8/100000, 12.1/100000, 10.6/100000, 9.6/100000 and 8.3/100000.

Conclusion: China has made great achievements in reducing the U5MR and MMR. 
It is necessary for achieving the goals of Healthy China 2030 by promoting the 
equalization of basic public health services and further optimizing the allocation 
of government health resources. China’s experience in reducing U5MR and MMR 
can be used as a reference for developing countries to realize the SDGs.
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Introduction

Women and children make up the two-thirds of the world’s 
population. Thus, the health of them not only exerts a strong influence 
on their personal and family happiness but also provides a basic 
premise for the sustainable development of mankind and, even more, 
a comprehensive index for the development of social economy and 
human progress (1, 2). As the important indicators to assess the 
service quality of national and regional perinatal care and child-care, 
the under-five mortality rate (U5MR) and maternal mortality rate 
(MMR) were the research focus for promoting the safety and health 
of children and women (2, 3).

According to the Millennium Development Goals (MDGs), which 
was formulated at the United Nations Summit in September 2000, the 
goals to reduce child mortality rate by two-thirds and maternal by 
three quarters were scheduled to be fulfilled in 2015 (4–6). The United 
Nations Sustainable Development Goals (SDGs) are 17 global 
development goals set by the United Nations to guide global 
development efforts from 2015 to 2030 beyond the expiration of 
MDGs from 2000 to 2015. Target 3 (good health and well-being) aims 
to reduce the global MMR to 70/100,000 and U5MR to 25‰ by 2030. 
Put forward by the Chinese government, outline of the Healthy China 
2030 plan points out that, in the year of 2030, the infant mortality rates 
(IMR), U5MR and MMR will reduce to 5.0 ‰, 6.0 ‰ and 12.0/100000, 
respectively, (7). Over the past decades, China has made intense 
efforts in various ways to enhance the life quality of women and 
children. Besides, it is the U5MR and MMR that shows a downward 
trend with each passing year (8, 9). However, there are still plenty of 
challenges to face for the maternal and child health services. First of 
all, with the implementation of “Universal Two-child Policy” and the 
increase of high-risk pregnant women, the absolute number of 
maternal and child deaths is large, and which is difficult to present a 
continuous momentum of decline (10, 11). Apart from that, the 
obvious gap between urban and rural areas also poses a formidable 
barrier to further reduce the mortality. Additionally, the health-care 
level of maternal and child health care in China, especially in rural 
areas, still have gap with the developed countries (12, 13).

Simple as the maternal and child health indicators seem to be, 
they are the typical reflection of the economy, culture and policy in a 
country or region (14, 15). Currently, what is still unclear is to what 
degree these contributing factors, such as social health care services, 
the social economic, the total health expenditure (THE) and so on, 
can affect the U5MR and MMR. This paper aimed to present the 
U5MR and MMR, demonstrate the trends to change with time and 
explore the influence caused by social health-care and economic on 
the U5MR and MMR, about which this research also aimed to make 
a prediction to provide the scientific foundation for improving the 
quality of maternal and child health services and to supply reference 
for relevant policies and measures of maternal care formulated by 
certain departments to further reduce the mortality rates.

Methods

Data sources

The data used in this study including the data of neonatal 
mortality rate (NMR), IMR, U5MR, MMR, maternal system 

management rate, prenatal care rate, postnatal visit rate and hospital 
delivery rate from 1991 to 2020 were collected from the annual China 
Health Statistics Yearbooks (1991–2021). The data of GDP, and total 
health expenditure (the ratio of total health expenditure (THE) to 
GDP) from 1991 to 2020 were collected from official data released by 
the National Bureau of Statistics of China (16). The data above were 
shown in Additional Files 1, 2.

Definitions

NMR refers to the number of neonatal deaths that from birth to 
28 days per 1,000 live births. IMR is defined as the number of infants 
deaths that from birth to the 1 year old per 1,000 live births. U5MR 
refers to the number of deaths of children under 5 years of age per 
1,000 live births. MMR is defined as the number of the death caused 
by any pregnancy or pregnancy treatment within 42 days from 
pregnancy to postpartum per 100,000 live births. The number of live 
births are defined as the number of newborns with one of the four 
vital signs of heartbeat, respiration, umbilical cord fluctuation and 
voluntary muscle contraction after delivery after 28 weeks of 
pregnancy and above.

Statistical analysis

The JoinPoint regression model was established by JionPoint 
4.9.1.0 software to analyze the change trend of IMR, U5MR and MMR 
in China from 1991 to 2020. The data of annual percent change (APC) 
and average annual percent change (AAPC) were the main outcome 
indicators of the JoinPoint model, both of which represent the 
percentage change of variables with the year. The former was used to 
evaluate the internal trend of each segment interval, and the latter was 
used to evaluate the overall change trend. Joinpoint pairwise 
comparison test was applied to compare the trend differences between 
urban and rural areas. The linear mixed effect model was used to 
explore the fixed effect of socioeconomic factors and maternal health 
care level on IMR, U5MR and MMR, and the year was used as a 
random effect to reduce the effect of col-linearity, and the 
socioeconomic indicators were logarithmically converted. The auto 
regressive integrated moving average (ARIMA) model was built using 
SPSS 21.0 for time series prediction. ARIMA (p, d, q) combines 
autoregressive analysis (AR) and moving average (MA) including 
three parameters: the order of AR (p), the degree of difference (d), the 
order of MA (q). The national data from 1991 to 2015 was used for 
modeling, and the data from 2016 to 2020 for evaluating the mean 
absolute percentage error (MAPE) of models, and the optimal model 
was applied to predict the rates from 2021 to 2025. A two-side p of 
<0.05 was considered significant in this study.

Results

Trends analysis results

The NMR, IMR, U5MR and MMR from 1991 to 2020 in China 
among national, urban and rural areas showed continuous downward 
trends (Figure  1). Table  1 shows the results of APC and AAPC 
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reflecting the change trend of NMR, IMR, U5MR and MMR in the 
past 30 years. The results of JoinPoint pairwise comparison test 
showed that the AAPC differences of NMR, IMR, U5MR and MMR 
between urban and rural areas from 1991 to 2020 were 1.4% 
(95%CI = -0.7, 3.6%, p = 0.193), 1.8% (95%CI = 0.8, 2.8%, p < 0.001), 
1.6% (95%CI = 0.5, 2.7%, p = 0.003) and 2.1% (95%CI = 0.1, 3.1%, 
p = 0.005), respectively. The data above were shown in Additional File 3.

Linear mixed model results

The results of linear mixed model (Table 2) showed that NMR, 
IMR, U5MR and MMR were significantly negatively correlated with 
GDP, the proportion of THE to GDP, system management rate, 
prenatal care rate, post-natal visit rate and hospital delivery rate 
(p < 0.05).

FIGURE 1

Trends of the NMR, IMR, U5MR and MMR from 1991 to 2020 of China in national, urban and rural areas.
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ARIMA models

This SPSS21.0 software was used to fit ARIMA prediction models 
with NMR, IMR, U5MR and MMR as dependent variables. Because 
most of the above time series were non-stationary, the series were 
stabilized after one difference transformation. The results of the 
selected optimal model, R2, BIC and MAPE were shown in Table 3. All 
of the residual sequences were white noise sequence with the p values 
of Ljung-BoxQ tests greater than 0.05.

Prediction results of ARIMA models

The predicted results of ARIMA model were shown in Figure 2 
and Additional File 3. The predicted values of national NMR in from 
2021 to 2025 were 3.2 ‰, 2.9 ‰, 2.5 ‰, 2.2 ‰ and 1.8 ‰ respectively. 
The predicted values of the national IMR were 5.1 ‰, 4.9 ‰, 4.8 ‰, 

4.7 ‰ and 4.8 ‰ respectively. The predicted values of the national 
U5MR are 7.3 ‰, 7.2 ‰, 7.1 ‰, 7.1 ‰ and 7.2 ‰. The predicted 
values of national MMR are 13.8/100000, 12.1/100000, 10.6/100000, 
9.6/100000 and 8.3/100000. The predicted results of urban and rural 
areas were shown in the Additional File 4.

Discussion

The NMR, IMR, U5MR and MMR of China were on the decline 
from 1991 to 2020, and the rates in rural areas has been higher than 
that in urban areas, which might be  caused by the imbalance of 
economic development and health services (17, 18). The annual 
average decline rates of NMR, IMR, U5MR and MMR in rural areas 
were greater than that in urban areas, and the differences were reduced 
between rural and urban, which showed that the maternal health care 
strategy of China, especially in rural areas, has made remarkable 

TABLE 1 JoinPoint analysis of infant mortality rate, under five mortality rate and maternal rate in national, urban and rural areas.

Trend 1 Trend 2 Trend 3 AAPC (%) 95% CI for 
AAPC (%)

Years APC (%) Years APC (%) Years APC (%)

National 1991–2002 −4.3 2002–2005 −12.9 2005–2020 −8.8 −7.6 (−8.5, −6.6)

Urban 1991–2004 −3.2 2004–2007 −13.8 2007–2020 −7.4 −6.2 (−8.1, −4.3)

Rural 1991–2002 −4.5 2002–2005 −11.7 2005–2020 −8.7 −7.4 (−8.5, −6.3)

National 1991–2002 −4.5 2002–2005 −12.3 2005–2020 −8.2 −7.3 (−8.3, −6.2)

Urban 1991–2003 −3.5 2003–2008 −10.0 2008–2020 −5.4 −5.5 (−6.3, −4.6)

Rural 1991–1997 −6.7 1997–2000 −0.7 2000–2020 −8.6 −7.4 (−8.6, −6.2)

National 1991–2002 −4.7 2002–2005 −13.3 2005–2020 −7.1 −6.9 (−8.0, −5.8)

Urban 1991–2003 −3.1 2003–2008 −10.2 2008–2020 −5.3 −5.3 (−6.2, −4.3)

Rural 1991–2002 −4.9 2002–2005 −11.8 2005–2020 −7.0 −6.7 (−8.0, −5.4)

National 1991–2005 −3.7 2005–2013 −8.2 2013–2020 −4.0 −5.0 (−5.7, −4.4)

Urban 1991–2002 −5.2 2002–2010 0.9 2010–2020 −6.2 −3.9 (−5.2, −2.7)

Rural 1991–2004 −3.6 2004–2012 −10.8 2012–2020 −3.3 −5.6 (−6.4, −4.8)

TABLE 2 The results of linear mixed model.

Neonatal mortality rate Infant mortality rate Under five mortality 
rate

Maternal mortality rate

β 95%CI β 95%CI β 95%CI β 95%CI

GDP# −19.392
(−20.422, 

−18.362)
−27.386

(−28.808, 

−25.964)
−33.045

(−35.176, 

−30.914)
−38.599

(−40.607, 

−36.590)

Proportion of THE 

in GDP
−8.625

(−10.836, 

−6.414)
−12.057

(−15.246, 

−8.869)
−14.499

(−18.432, 

−10.567)
−17.729

(−21.776, 

−13.682)

System 

management rate
−0.854

(−1.038, 

−0.671)
−1.206 (−1.464, 0.949) −1.450

(−1.773, 

−1.128)
−1.932

(−2.189, 

−1.674)

Prenatal care rate −1.157
(−1.358, 

−0.957)
−1.598

(−1.883, 

−1.313)
−1.938

(−2.287, 

−1.588)
−2.244

(−2.671, 

−1.817)

Postpartum visit 

rate
−1.242

(−1.437, 

−1.048)
−1.720

(−1.994, 

−1.446)
−2.081

(−2.422, 

−1.740)
−2.456

(−2.832, 

−2.079)

Hospital delivery 

rate
−0.530

(−0.566, 

−0.494)
−0.746

(−0.801, 

−0.691)
−0.907

(−0.968, 

−0.847)
−1.039

(−1.139, 

−0.939)

GDP, Gross Domestic Product; THE, total health expenditure.
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progress, and the quality of maternal medical services has improved 
(19–21), which may be related to the development of public health 
services projects and the launch of basic public health services 
equalization projects (22, 23). In addition to increased accessibility to 
healthcare services, this might be related to rapid economic growth 
and improved transportation (24).

Since 1990, the health level of Chinese children has improved 
significantly, and the MDGs were achieved 8 years ahead of schedule 

in 2007. China’s global ranking of U5MR dropped from 90th in 1990 
to 133rd in 2019 (25). Currently, some progress has been made in 
reducing child mortality in China, but concerted efforts are still 
needed to avoid preventable under-five deaths in the future. Studies 
have shown that the distribution of causes of death varies between age 
groups, thus requiring preventive interventions targeting specific age 
groups (26, 27). Congenital diseases and accidental death account for 
a large proportion of under five children deaths (28–30), and it is 
recommended to conceive at the appropriate age, make prenatal 
diagnosis, improve the safety awareness and safety protection skills of 
the whole society (31, 32).

At present, obstetric hemorrhage is still one of the leading causes 
of maternal death in China (33). Prenatal care, skilled delivery, 
obstetric emergency care and postnatal care can effectively reduce the 
risk of obstetric hemorrhage. Therefore, improving the hospital 
delivery rate can also be explained by an effective reduction in MMR, 
which was also consistent with the mixed linear model results of this 
study. With the adjustment of China’s birth policy, the proportion of 
older adult and high-risk pregnant women may continue to rise, and 
the control of maternal deaths in the whole country and all regions is 
facing great challenges (34). In addition, the capacity building of 
medical institutions and the pregnancy and perinatal health care 
management of the floating population should be strengthened to 
ensure the safety of mothers and infants and further reduce MMR.

The results of linear mixed model suggest that NMR, IMR, U5MR 
and MMR were negatively correlated with GDP, the proportion of 
THE in GDP, system management rate, prenatal care rate, postpartum 
visit rate and hospital delivery rate, suggesting that the development 
of economic level, the investment of THE and the improvement of 
maternal and child health care management level would help to 
further reduce NMR, IMR, U5MR and MMR. Therefore, the health 
of children and pregnant women in poor areas should get more 

TABLE 3 The results of ARIMA models.

ARIMA R2 BIC MAPE

Neonatal mortality rate

National (1,1,2) 0.994 0.038 3.635%

Urban (3,1,3) 0.966 0.480 6.346%

Rural (3,1,1) 0.992 0.714 3.849%

Infant mortality rate

National (0,1,0) 0.993 0.398 3.387%

Urban (2,1,2) 0.973 0.306 4.533%

Rural (1,1,0) 0.993 0.862 3.677%

Under five mortality rate

National (0,1,2) 0.993 1.131 3.963%

Urban (3,1,4) 0.973 1.071 4.752%

Rural (2,1,0) 0.991 1.611 3.902%

Maternal mortality rate

National (1,1,3) 0.978 2.883 4.696%

Urban (3,0,1) 0.850 3.264 8.624%

Rural (3,1,4) 0.973 4.281 5.704%

FIGURE 2

The predicted results of ARIMA model.
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attention, and the relevant government departments should formulate 
corresponding policies and measures to implement the medical 
assistance system for children and pregnant women in poor areas, and 
effectively reduce the U5MR and MMR.

The ARIMA prediction results were that the national NMR, IMR, 
U5MR and MMR would be 1.8 ‰, 4.8 ‰, 7.2 ‰ and 8.3/100000 in 
2025, which can meet the goals set out in the Health China 2030 
planning outline (9). However, the results also showed that the rate of 
decline has decreased, and even in 2025, IMR and U5MR have 
increased from the previous year, which may be due to the following 
three reasons. Firstly, after IMR and U5MR have fallen to a certain 
level, the rate of decline may decrease. A study of IMR in Scotland 
showed that it had fallen from 5.75 ‰ in 2000 to 3.25 ‰ in 2018, a 
much slower rate of decline than the average rate of decline in China 
over the past 30 years (35). Secondly, the mortality rates predicted in 
this study are getting closer to those of developed countries. Studies 
have shown that IMR in Canada and the United States are 4.7 and 4.2, 
respectively (36, 37). However, the level of maternal and child health 
in rural areas of China still lags behind developed countries. Therefore, 
focusing on improving maternal and child health care level in rural 
areas remains a key factor in improving the health and quality of life 
of Chinese women and children. Third, few studies have analyzed the 
main causes and changing trends of IMR and U5MR in China. One 
study showed that the increase in IMR in the England since 2014 was 
mainly due to an increase in early NMR among preterm babies born 
at less than 24 weeks gestation (38). This also suggests that the causes 
of death in U5MR in China need to be further assessed. The predicted 
results in rural areas of this study were that the IMR, U5MR, and 
MMR would be 6.0 ‰, 8.6 ‰ and 14.0/100000, respectively, in 2025, 
which is higher than that in urban areas. Although the gap between 
urban and rural areas has narrowed, the rate of decline in rural areas 
is slower than in urban areas, which is also suggested that relevant 
departments should improve policies, strengthen the training of 
professional skills of grass-roots medical staff, and strive to improve 
the quality of rural medical and health services.

Our study has some strength. We analyzed the changing trends of 
long-term U5MR and MMR in China and made predictions, 
providing the basis for relevant departments to develop relevant child 
and maternal health care policies and measures. This study assessed 
the impact of social health services and economic factors on U5MR 
and MMR, which have been seldom evaluated in previous studies. 
This study also has some limitations, the data used in this study were 
from the surveillance systems and the data quality might 
be inconsistent in different areas such as urban and rural areas. The 
ARIMA model was suitable for the short-term prediction model and 
could not achieve the long-term trend prediction. Therefore, it is 
necessary to continuously collect and update the data for dynamic 
analysis to ensure the predictive performance of the model.

Conclusion

In the past 30 years, the U5MR and MMR of China have 
decreased significantly, and the gap between urban and rural areas 
has gradually narrowed. While it is still challenging to further reduce 
the U5MR and MMR with the adjustment of China’s birth policy and 
relatively low level of primary health services in some regions. The 
government should continue to promote the equalization of basic 

public health services, improve the accessibility and fairness of health 
care services, focus on the health status of children and pregnant 
women in rural areas, and further optimize the allocation of 
government health resources, so as to achieve the goals set by Healthy 
China by 2030. The relevant experience of China in reducing U5MR 
and MMR is of reference significance for the improvement of 
maternal and child health care in less developed countries. In the 
context of the Belt and Road Initiative, it is suggested that China’s 
advanced experience and applicable technologies in the field of 
maternal and child health be extended to developing countries to 
help achieve the global SDGs.
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