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Abstract
Background  The United Nations (UN) Sustainable Development Goal − 3.2 aims to eliminate all preventable under-
five mortality rate (U5MR). In China, government have made efforts to provide maternal health services and reduce 
U5MR. Hence, we aimed to explore maternal health service utilization in relation to U5MR in China and its provinces in 
1990–2017.

Methods  We obtained data from Global Burden of Disease 2017, China Health Statistics Yearbook, China Statistical 
Yearbook, and Human Development Report China Special Edition. The trend of U5MR in each province of China from 
1990 to 2017 was analyzed using Joinpoint Regression model. We measured the inequities in maternal health services 
using HEAT Plus, a health inequity measurement tool developed by the UN. The generalized estimating equation 
model was used to explore the association between maternal health service utilization (including prenatal screening, 
hospital delivery and postpartum visits) and U5MR.

Results  First, in China, the U5MR per 1000 live births decreased from 50 in 1990 to 12 in 2017 and the average annual 
percentage change (AAPC) was − 5.2 (p < 0.05). Secondly, China had a high maternal health service utilization in 2017, 
with 96.5% for prenatal visits, 99.9% for hospital delivery, and 94% for postnatal visits. Inequity in maternal health 
services between provinces is declining, with hospital delivery rate showing the greatest decrease (SII, 14.01 to 1.87, 
2010 to 2017). Third, an increase in the rate of hospital delivery rate can significantly reduce U5MR (OR 0.991, 95%CI 
0.987 to 0.995). Postpartum visits rate with a one-year lag can reduce U5MR (OR 0.993, 95%CI 0.987 to 0.999). However, 
prenatal screening rate did not have a significant effect on U5MR.

Conclusion  The decline in U5MR in China was associated with hospital delivery and postpartum visits. The design 
and implementation of maternal health services may provide references to other low-income and middle-income 
countries.
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Background
Children’s health is widely recognized as a public health 
priority in every country. The under–five mortality 
rate (U5MR), which estimates the probability of dying 
between birth and the fifth birthday (usually expressed 
per 1000 live births), is a useful indicator that measures 
not only the level of child health, but also the economy, 
education, and medical care in a country [1]. Sustainable 
and Development Goals (SDG) 3.2, set by United Nations 
(UN), calls for an end to avoidable deaths of children, 
with all countries aiming to decrease U5MR to at least as 
low as 25 deaths per 1,000 live births by 2030 [2, 3].

Over the past several decades, the world has recorded 
remarkable progress on child survival. This global U5MR 
decreased from 71.2/1000 live births in 2000 to 37.1/1000 
live births in 2019 [4]. Although U5MR has been sig-
nificantly reduced globally, it still falls short of the SDG 
target. Even some developing countries face poor child 
survival. Sub-Saharan Africa remains the region with 
the highest U5MR in the world, 76 deaths/1000 live 
births, which is equivalent to 1 child in 13 dying before 
reaching the age of 5 [5]. The U5MR also remains a 
major public-health issue in some Belt and Road Initia-
tive countries [6]. As one of the few countries that have 
already achieved the third SDG child health goal, China’s 
practices deserve further evaluation, both to understand 
the Chinese experience and to provide lessons for other 
developing countries undergoing health reform alongside 
rapid social and economic development.

The U5MR in a region is closely related to the state 
of socio-economic development [7, 8]. For example, 
regional gross domestic product (GDP) [9], national edu-
cational attainment [10], gender inequality index [11], 
and health care policies [12] have all been verified to be 
associated with U5MR. Mosley & Chen [13] propose that 
all social and economic determinants of child mortality 
must work through a common set of biological mecha-
nisms or proximate determinants to have an impact on 
mortality. These proximate determinants include mater-
nal factors, environmental contamination, nutrient defi-
ciency, injury, and personal illness control. For children 
under five years of age, maternal factors are the most 
important proximate determinants because, lacking self-
awareness, they are more dependent on maternal guid-
ance for nutrient deficiency, injury, and personal illness 
control. Mothers are the primary care-givers of children 
under the age of five. Their health-seeking behavior dur-
ing and after pregnancy tends to influence the chances 
of child survival during the first five years of life [14–16]. 
For example, place of delivery [17], birth interval [18], 
breastfeeding [19], and behavioral habits during preg-
nancy [20] (e.g., smoking and drinking) can affect the 
child’s health. In such an association framework, the 

utilization of maternal health services by mothers has an 
impact on U5MR that cannot be ignored.

In many countries and regions, maternal health ser-
vices are considered as an important component of pri-
mary health care policies and are closely related to the 
overall level of economic development of the country. 
Maternal health services can directly affect a variety 
of maternal characteristics. Prenatal screening [21] is 
available for genetic and infectious diseases, continuous 
monitoring of various health indicators and guidance on 
various physiological hygiene and nutritional. Hospital 
delivery is equipped with professional delivery rooms, 
delivery equipment and midwives, which can effectively 
eliminate neonatal tetanus [22], etc. The postpartum vis-
its can keep track of the changes in the newborn’s signs 
and breastfeeding, so that problems can be detected and 
health guidance can be given [23].

Maternal health services in China have covered pre-
natal screening, hospital delivery, and postpartum vis-
its. In 2009, China launched a comprehensive health 
care reform that included maternal health services as 
part of the basic public health service program, which 
is provided free of charge by the government. Services 
related to maternal health [24] in basic public health ser-
vices include free prenatal screening to promote healthy 
childbirth and child development for all rural couples, 
subsidized hospital delivery for rural women, and free 
postpartum visits by maternal and child doctors at the 
community health services in their resting places. Post-
partum visits are carried out in conjunction with mater-
nal health management, and newborn visits are also 
carried out to strengthen newborn care guidance. It is the 
responsibility of mothers, where health facilities are avail-
able and accessible, to visit these to receive proper medi-
cal care during pregnancy, at delivery and after childbirth 
to promote good health and preserve the lives of herself 
and her child. With these reform measures, China has 
made great strides in improving the health of women 
and children. Overall, maternal mortality declined sub-
stantially and rapidly [25], from 108.7 per 100 000 live 
births in 1996 to 21.8 per 100 000 live births in 2015, 
making the deceleration rate 8.5%. After years of effort, 
the urban–rural disparity of maternal mortality in China 
has also been greatly narrowed. The maternal mortality 
between urban and rural areas changed from 1:2.37 in 
2000 to 1:1.05 in 2015.

In recent decades, China has seen a dramatic decline 
in U5MR and a significant increase in maternal health 
service utilization. Despite these achievements, the effec-
tiveness of maternal health service utilization in reduc-
ing under-five mortality has not been measured, so we 
explored the association between maternal health ser-
vice utilization and under-five mortality. Determining 
the relationship between U5MR and prenatal screening, 
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hospital delivery, and postnatal visits is key to planning 
and implementing interventions. Therefore, this study 
aimed to determine: (1) the trends of U5MR in various 
provinces of China. (2) the degree of inequity in mater-
nal health services utilization between provinces and its 
trends. (3) the association between U5MR and maternal 
health service utilization in China.

Methods
Study design and data sources
We obtained U5MR data from Global Burden of Disease 
(GBD) 2017, which assess U5MR at the provincial level 
in China from 1990–2017 [26]. This analysis includes 
34 province-level administrative units in China (Xinji-
ang Production and Construction Corps is excluded). 
These province-level units consist of 23 provinces, five 
autonomous regions, four municipalities, and two spe-
cial administrative regions but are all termed provinces. 
GBD is a widely used database coordinated by the Insti-
tute for Health Metrics and Evaluation [27], with data 
downloaded from the Global Burden of Disease Results 
(https://vizhub.healthdata.org/gbd-Results//).

Maternal health service utilization rate data were 
obtained from the China Health Statistics Yearbook, 
including prenatal screening rate, hospital delivery rate, 
and postpartum visits rate. The prenatal screening rate 
refers to the ratio of the number of mothers who received 
one or more prenatal checkups to the number of live 
births during the year, in %. The hospital delivery rate 
refers to the ratio of the number of live births delivered 
in institutions qualified for midwifery technology to the 
number of all live births during the year, in %. The post-
partum visits rate refers to the ratio of the number of 
women who had one or more postpartum visits to the 
number of live births during the year, in %.

Data on demographic characteristics, socioeconomic 
status, and health services were obtained from the China 
Statistical Yearbook, the China Health Statistics Year-
book, and the Human Development Report China Spe-
cial Edition, and we collected data from 2002 to 2017 
based on data availability and completeness, which were 
used as covariates in our model.

We matched U5MR data, maternal health service uti-
lization data (including prenatal screening rate, hospital 
delivery rate, and postpartum visits rate.), demographic 
characteristics data (including years of education per 
capita, birth rate), socioeconomic status data (includ-
ing GDP per capita, disposable income per capita, emis-
sions of particulate matter in exhaust gases), and health 
services data (including total number of health workers) 
based on two variables: region and year.

Data analysis
Joinpoint model was used to analyze the trend of U5MR 
from 1990 to 2017 for the country and each province, 
respectively. Joinpoint analysis was based on a Poisson 
regression model, and the optimal number of connec-
tion points was selected by a substitution test [28]. In 
this study, the natural logarithm of U5MR was selected as 
the response variable and the notification year was used 
as the independent variable. The annual percent change 
(APC), average annual percentage change (AAPC) and its 
95% Confidence Interval (CI) were reported. If the lower 
CI of AAPC is above 0, it reveals an uphill tendency of 
the indicator, and; if the upper CI of AAPC is below 0, it 
indicates a downward trend of the indicator. Each P-value 
was found calculated using the Monte Carlo methods, 
and the overall asymptotic significance level was main-
tained through a Bonferroni correction. P value of less 
than 0.05 was considered statistically significant. Addi-
tionally, if the confidence interval contains 0, it indicates 
that the trend of change is not statistically significant.

The UN’s Health Inequity Toolkit HEAT Plus was 
used to measure the inequity of maternal health services 
(including prenatal screening, hospital delivery, and post-
partum visits) in each province in China, comparing its 
change between 2010 and 2017. The UN’s Health Ineq-
uities Toolkit is available at the website (https://www.
who.int/data/inequality-monitor). First, we finished that 
the uploaded data passed validation using HEAT Plus 
template and validation before performing analysis. The 
UN’s Health Inequity Toolkit can export a range of health 
inequity indicators such as Difference (D), Absolute con-
centration index (ACI), Population attributable fraction 
(PAF), Population attributable risk (PAR). Ratio (R), Rela-
tive concentration index (RCI), and other health inequity 
indicators. This study additionally calculated the slope 
index of inequality (SII) to measure the absolute differ-
ence between the highest and lowest levels of maternal 
health care between provinces. The x-axis represents the 
relative order of each province (weighted order after pop-
ulation weighting), and the y-axis represents the U5MR 
for each province. The relative order of provinces is the 
midpoint of the cumulative population fraction. The 
SII is the slope of the regression line of y versus x. The 
determination of the relative order in this study included 
the following steps: first, all provinces were ranked from 
lowest to highest according to the Human Development 
Index (HDI); then, the relative order of the subgroup 
was determined based on the population fraction of 
each province. For all measures of inequity, the lower the 
value, the more equitable it is.

To assess the association between maternal health ser-
vice utilization (including prenatal screening, hospital 
delivery, and postpartum visits) and U5MR, we applied 
the generalized estimating equation model, a widely 

https://vizhub.healthdata.org/gbd-Results//
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used linear model for longitudinal data analysis with 
repeated measures over time [29]. The generalized esti-
mating equation (GEE) model used a gamma distribution 
and log-link function to control for the skewed nature of 
mortality. The dependent variable refers to ln (U5MR). 
In multivariable models, we controlled for year, years of 
schooling per capita, GDP per capita, disposable income 
per capita, birth rate, total number of health workers 
and emissions of particulate matter in exhaust gas. To 
strengthen the longitudinal analysis, we also examined 
the lagged effects [30–32] of prenatal visits and postnatal 
visits. To test the robustness of the results, in sensitivity 
analyses we replaced gamma distribution with Poisson 
distribution, gaussian distribution, and negative binomial 
distribution for the GEE model analysis, respectively. 
STATA version 13.0 was used in this study, and statistical 
significance was attributed to P values < 0.05. All figures 
were drawn by using OriginPro (version 2023b).

Results
Table  1 showed the U5MR in China and each province 
in 2017 and the trend from 1990 to 2017. The overall 
U5MR in China in 2017 was 12 per 1000, which was in a 
decreasing trend from 1990 to 2017 (AAPC − 5.2, 95%CI 
−5.3 to −5.1). Most provinces met the SDG 3 of reduc-
ing U5MR to less than 25 per 1,000 live births, with only 
two provinces, Xinjiang (28 per 1000) and Tibet (36 per 
1000), which were in remote western regions, still hav-
ing relatively high U5MR. Beijing, as the capital city, 
was rich in various social resources and has the lowest 
U5MR of 5per 1000. Some east economically developed 
regions also had relatively low U5MR, such as Shanghai 
(7 per 1000), Jiangsu (7 per 1000), Zhejiang (7 per 1000), 
Guangdong (7 per 1000), Fujian (7 per 1000), and Lia-
oning (7 per 1000). Each province in China had seen a 
decrease in U5MR from 1990 to 2017. The central and 
western regions were decreasing at a faster rate, such as 
Guizhou (AAPC − 6.7, 95%CI −6.8 to −6.6). The eastern 
regions were decreasing at a relatively slow rate, such as 
Tianjin (AAPC − 2.8, 95%CI −3.0 to −2.6).

Figure 1 showed the maternal health service utilization 
in each province from 2002 to 2017. Considering prenatal 
screening, the prenatal screening rate in China was 96.5% 
in 2017, and the prenatal screening rate was generally 
high in all provinces, with only Tibet had a low prenatal 
screening rate of 89.5%. Most provinces were seeing an 
increase in the rate of prenatal screening, especially at a 
faster average annual growth rate in some western prov-
inces, such as Tibet (2.52%) and Qinghai (1.29%). It was 
worth noting that Hainan, as an eastern city, also had a 
relatively high average annual growth rate of 1.32%. As 
for the hospital delivery, the hospital delivery rate in 
China was 99.9% in 2017, with many provinces reach-
ing 100% hospital delivery rate. Most provinces had a 

hospital birth rate of over 96%, with only Tibet having a 
relatively low rate of 92.5%. The hospital delivery showed 
varying degrees of increase in each province from 2002 
to 2017, with the fastest annual growth rates in some 
western provinces, such as Guizhou (8.06%) and Tibet 
(7.05%). The average annual rate of change in hospital 
delivery rates was the fastest growing, much higher than 
prenatal screening and postpartum visits. Judging from 
postpartum visits, the postpartum visit rate in China was 
94% in 2017. Similarly, Tibet had the lowest postpartum 
visits rate of 83.4%. Most provinces achieved postpartum 
visits above 92%, with some western provinces such as 
Hainan (89.7%), Henan (89.9%), Anhui (90%), Guangxi 
(90.2%), Guizhou (91.3%), and Shanxi (91.9%) having rel-
atively low postpartum visits rates. Most provinces were 
seeing a rising trend in postpartum visits rate from 2002 
to 2017, especially Tibet and Hainan with a faster rate of 
increase, with an average annual growth rate of 2.57% 
and 2.14%, respectively.

Table 2; Fig. 2 showed the inequity of maternal health 
services in each province in China. Looking at prenatal 
screening, the values of the indicators measuring the 
inequity of prenatal screening in China, including D, 
ACI, PAF, R, RCI, and SII, had all been decreasing, espe-
cially SII decreased from 11.12 in 2010 to 4.06 in 2017. 
From hospital delivery, the values of each inequity indi-
cator, including D, ACI, PAF, R, RCI, and SII, were also 
decreasing, especially SII from 14.01 in 2010 to 1.87 in 
2017. Similarly, the values of each inequity indicator for 
postpartum visits, including D, ACI, PAF, R, RCI, and SII, 
had decreased, especially SII from 15.21 in 2010 to 5.80 
in 2017.

Table  3 presented the association between maternal 
health service utilization and U5MR. In multivariate gen-
eralized estimating equation models, a negative associa-
tion was observed between hospital delivery and U5MR 
(OR 0.991, 95%CI 0.987 to 0.995). The association of 
prenatal screening and postnatal visits with U5MR was 
not significant. Tables 4 and 5 further demonstrated the 
lagged effect of prenatal screening and postnatal visits 
on U5MR. The association between the previous year’s 
prenatal visit rate and the current year’s U5MR was not 
significant, however, the association between postpartum 
visits in the previous year and U5MR in the current year 
was significant (OR 0.993, 95%CI 0.987 to 0.999). The 
robustness results show that the significance and direc-
tion of the coefficients in the model were consistent we 
replaced gamma distribution with Poisson distribution, 
gaussian distribution, and negative binomial distribution 
for the GEE model analysis, which indicated that the esti-
mates and results of the association between the depen-
dent and independent variables in this study were robust 
and reliable.
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Table 2  Inequities in maternal health services by province in China
Summary measure name Dimension Prenatal screening Hospital delivery Postpartum visits

2010 2017 2010 2017 2010 2017
Difference (D) HDI 34.7 9.2 46.4 7.5 44.3 13.3
Absolute concentration index (ACI) HDI 1.6 0.6 1.1 0.1 2.4 0.8
Population attributable fraction (PAF) HDI 4.8 2.1 2.1 0.1 6.3 2.4
Population attributable risk (PAR) HDI 4.5 2 2 0.1 5.7 2.3
Ratio (R) HDI 1.5 1.1 1.9 1.1 1.8 1.2
Relative concentration index (RCI) HDI 1.6 0.6 1.2 0.1 2.6 0.9
Notes HDI, Human Development Index

Fig. 1  Maternal health service utilization rate by province in China, 2002–2017. Notes (A) Prenatal screening rates by province in China, 2017; (B) Hospital 
delivery rates by province in China, 2017; (C) Postnatal visits rates by province in China, 2017; (D) Average annual change in prenatal screening rate, hos-
pital delivery rate, and postpartum visits rate by province, China, 2002–2017
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Discussion
The U5MR in China was declining, the utilization rate 
of maternal health services was increasing, and inequali-
ties in maternal health services between provinces were 
slowly narrowing. The experience of hospital delivery and 
postpartum visits, both of which had been shown to have 
a significant impact on the reduction of under-five mor-
tality, might serve as a reference for other countries.

Changes in U5MR
According to GBD2017 results the U5MR is declining in 
China and its provinces, which means that child health 
outcomes are being improved. At the provincial level, 
only two provinces, Xinjiang (36 per 1000) and Tibet 
(28 per 1000), did not meet the SDG target. But looking 
at time trends, the U5MR in Xinjiang and Tibet are on 
a steady decline, proving that child health outcomes in 
these areas are getting better. Tibet is in remote areas of 
China, where the land is vast and the people are sparse, 
making it more difficult to provide maternal health ser-
vices as part of basic public health services, but the cov-
erage rate has been increasing, so the health of maternal 
and child is improving. In some remote rural areas of 
Tibet, there is still a shortage of human resources for 
health and health infrastructure [33], and the quality 
of existing maternal health service provision needs to 
be improved [34], which can lead to poor maternal and 
child health outcomes. We should adhere to The Preg-
nancy and Village Outreach Tibet program [35] and con-
tinue to provide families with maternal-newborn health 

education, skills training, and resources. However, the 
utilization of maternal health services in Xinjiang is at 
normal values, which is not quite consistent with its sig-
nificantly low U5MR. Other factors influencing child 
health outcomes in Xinjiang still need to be further 
explored. Some environmental influences can be consid-
ered, such as the long summers and low economic per-
formance in some areas of Xinjiang, which are key factors 
in the high rate of child drowning mortality [36]. In addi-
tion, the analysis from intra-provincial suggests that we 
should also pay attention to U5MR in special popula-
tions. At the intra-provincial level. A study [37] based 
in Zhejiang Province showed that the U5MR among the 
migrant population was more than twice that of native 
children (7.82 per 1,000 to 3.89 per 1,000). A study [38] 
from Henan province shows that although U5MR have 
declined in recent years, U5MR remain high in rural 
areas. A study [39] from Sichuan showed that there are 
ethnic disparities in pneumonia-specific mortality rates 
among children under 5 years of age in Sichuan, with 
emphasis on child health in minority counties.

Inequalities and current status of maternal health services 
utilization rate
We found that maternal health services utilization is 
becoming better in every province in China, with prena-
tal screening rate, hospital delivery rate and postpartum 
visits rate all gradually increasing, which is consistent 
with the previous studies [40]. In terms of inequity, the 
inequity in maternal health services utilization between 

Fig. 2  The SII of maternal health services by province in China. Notes (A) The SII of prenatal screening by province in China, 2017; (B) The SII of hospital 
delivery by province in China, 2017; (C) The SII of postpartum visits by province in China, 2017; (D) The SII of prenatal screening by province in China, 2010; 
(E) The SII of hospital delivery by province in China, 2010; (F) The SII of postpartum visits by province in China, 2010
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provinces is decreasing, and the gap in prenatal screening 
rates, hospital delivery rates, and postpartum visits rates 
is gradually narrowing across provinces. One of the pos-
sible reasons for this is that as Chinese women become 
more educated, more and more families are paying more 
attention to maternal and child health, more willing to 
invest in health care, and increase their use of health 
care services [41]. At the same time, the country is vig-
orously promoting fourteen basic public health services, 
of which maternal health is one of the crucial ones. As 
a public service, the government invests funds and vari-
ous administrative efforts to encourage the residents to 
utilize maternal health services. The dual effect has led to 
more women taking the initiative to participate in mater-
nal health services.

In particular, the rate of hospital delivery is the highest 
coverage among the three maternal health services, even 
reaching 100% hospital delivery of pregnant women in 
many provinces. There are also a variety of reasons why 
hospital delivery, a maternal health service, is doing best. 
One possible reason for this is that incentives vary across 
service provision. The prenatal screening and postpartum 
visits provided by primary health care institutions free 
of charge are a service incentive, while the government 
provides direct subsidies for hospital delivery as a mon-
etary incentive [42], prompting more rural women to be 
more willing to take advantage of hospital delivery ser-
vices, which is one reason why hospital delivery services 
are better implemented. Compared to service incentives, 
monetary incentives are more likely to influence people’s 
behavioral choices [43].

U5MR and maternal health services utilization rate
We found that hospital delivery in maternal health ser-
vices significantly reduced U5MR, which is consistent 
with previous studies [44, 45]. Studies [46, 47] from 
different regions have shown that neonatal disorders 
remained the leading cause of death in children younger 
than 5 years, and the proportion of U5MR occurring in 
the neonatal period is increasing [48]. Hospital delivery 
reduce U5MR by reducing neonatal mortality substan-
tially. Medical facilities usually have specialized maternal 
and child doctors and a more childbirth-friendly envi-
ronment, which means that the mother is face-to-face 
with a specialized doctor, whose midwifery practices 
and resuscitation of emergencies make the improve-
ment in the health of the mother and child more intuitive 
for everyone. The opposite of hospital delivery is home 
delivery. Home delivery in the Chinese context is usu-
ally performed by acquaintances who have experience in 
delivering babies, the midwives do not have expertise in 
childbirth, and the families do not have a safe environ-
ment for delivery, resulting in problems such as neonatal 
asphyxia [49] infection and tetanus in many home births, Ta
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e 

3 
Th

e 
as

so
ci

at
io

n 
be

tw
ee

n 
m

at
er

na
l h

ea
lth

 se
rv

ic
e 

ut
ili

za
tio

n 
an

d 
U

5M
R 

in
 C

hi
na

Ch
ar

ac
te

ri
st

ic
M

od
el

 1
M

od
el

 2
M

od
el

 3
M

od
el

 4

G
am

m
a 

di
st

ri
bu

tio
n

N
eg

at
iv

e 
bi

no
m

ia
l d

is
tr

ib
ut

io
n

G
au

ss
ia

n 
di

st
ri

bu
tio

n
Po

is
so

n 
di

st
ri

bu
tio

n

O
R

95
%

CI
O

R
95

%
CI

O
R

95
%

CI
O

R
95

%
CI

Pr
en

at
al

 sc
re

en
in

g
1.

00
0

0.
98

8
1.

01
2

1.
00

0
0.

98
8

1.
01

2
1.

00
1

0.
99

2
1.

01
0

1.
00

1
0.

99
0

1.
01

2
H

os
pi

ta
l d

el
iv

er
y

0.
99

1*
0.

98
7

0.
99

5
0.

99
1*

0.
98

7
0.

99
5

0.
99

4*
0.

99
2

0.
99

7
0.

99
3*

0.
99

0
0.

99
6

Po
st

pa
rt

um
 v

isi
ts

1.
00

2
0.

99
3

1.
01

1
1.

00
2

0.
99

3
1.

01
1

1.
00

0
0.

99
1

1.
00

8
1.

00
1

0.
99

3
1.

00
9

Ye
ar

s o
f s

ch
oo

lin
g 

pe
r c

ap
ita

0.
92

5
0.

84
1

1.
01

7
0.

92
6

0.
84

1
1.

01
8

0.
94

3
0.

86
4

1.
03

0
0.

93
5

0.
85

4
1.

02
4

G
D

P 
pe

r c
ap

ita
0.

99
5*

0.
99

1
1.

00
0

0.
99

5*
0.

99
1

1.
00

0
0.

99
6

0.
99

1
1.

00
1

0.
99

6*
0.

99
1

1.
00

0
Bi

rt
h 

ra
te

1.
05

8*
1.

02
0

1.
09

7
1.

05
8*

1.
02

0
1.

09
7

1.
05

8*
1.

01
8

1.
10

0
1.

05
9*

1.
02

0
1.

10
0

D
isp

os
ab

le
 in

co
m

e 
pe

r c
ap

ita
0.

98
9

0.
97

7
1.

00
2

0.
98

8
0.

97
6

1.
00

1
0.

98
0*

0.
96

6
0.

99
3

0.
98

3*
0.

97
1

0.
99

6
To

ta
l n

um
be

r o
f h

ea
lth

 w
or

ke
rs

0.
99

9*
0.

99
9

1.
00

0
0.

99
9*

0.
99

9
1.

00
0

0.
99

9*
0.

99
9

1.
00

0
0.

99
9*

0.
99

9
1.

00
0

Em
iss

io
ns

 o
f p

ar
tic

ul
at

e 
m

at
te

r i
n 

ex
ha

us
t g

as
1.

00
0

0.
99

9
1.

00
2

1.
00

0
0.

99
9

1.
00

2
1.

00
0

0.
99

8
1.

00
1

1.
00

0
0.

99
9

1.
00

1
N

ot
es

 (1
) O

R,
 o

dd
s 

ra
tio

, (
2)

 C
I, 

co
nfi

de
nc

e 
in

te
rv

al
, (

3)
 *

P <
 0

.0
5



Page 9 of 12Zhang et al. BMC Pregnancy and Childbirth          (2024) 24:326 

which will result in the death of the baby. From the 
international experience, a meta-analysis [50] provides 
the strongest evidence so far that hospital delivery can, 
after all, be beneficial to newborn babies. The research 
from several industrialized countries (the United States, 
Canada, Australia, Sweden, the Netherlands, and Swit-
zerland), with a total sample of 500,000 newborns, had 
shown that planned home births to healthy and low-
risk mothers compared with planned hospital births in 
the same group of women doubled the risk of neonatal 
deaths (0.2% vs. 0.09%). However, this is not absolute, and 
it is beneficial in some cases to deliver at home. Studies 
[51] from countries such as Australia, the Netherlands, 
and United Kingdom show that home birth can provide 
advantages to the mother and the newborn. It needs to 
be provided with sufficient material means, and should 
be attended by trained and accredited professionals, 
and needs to be perfectly coordinated with the hospital 
obstetrics and neonatology units, in order to guarantee 
its safety. However, in China, there are no safety data or 
sufficient scientific evidence to support home births at 
present.

Prenatal screening and postpartum visits are more 
about health guidance, a role that has long-term effects 
[44] and does not improve maternal and infant health 
outcomes as quickly and intuitively as hospital births. We 
validated the lagged effect of prenatal visits and postnatal 
visits on child health outcomes. The effect of a one-year 
lag in prenatal visits on U5MR remained insignificant. 
Prenatal screening, as a health care behavior during the 
mother’s pregnancy, is a relatively indirect effect on chil-
dren, which could explain their lack of a statistically sig-
nificant effect on U5MR [16]. At the same time, there are 
also problems such as unqualified diagnostic services in 
prenatal screening in some areas (e.g., delayed prenatal 
diagnosis [52], biased diagnostic results by physicians 
[53, 54], etc.), and further standardization of services 
is still needed. However, the effect of a one-year lag in 
postpartum visits on U5MR was significant and it could 
reduce U5MR. The potential of timely, quality postna-
tal visits in reducing U5MR is well documented [55, 56]. 
In addition to neonatal diseases, the common causes 
of U5MR are important infections like lower respira-
tory infections, pneumonia [57], diarrhoea, and men-
ingitis [58], which a relatively long duration and can be 
effectively prevented by means of scientific feeding and 
care. The study [59] from China showed that all moth-
ers, whether first or second time mothers, were unsure 
of their infant care skills. They expressed concerns about 
infant feeding, defecation, and illness, suggesting that 
health professionals should provide postpartum moth-
ers with the knowledge and skills they need to care for 
their newborns, which can be accomplished through 
postpartum visits. One of the very important tasks of the Ta
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post-natal visit in the National Basic Public Health Ser-
vice is the newborn visit [60], which provides guidance 
on feeding and caring for newborns. Several lifesaving 
newborn behaviors can be promoted, and interventions 
delivered, through early postnatal care. These include 
an assessment of the baby and treatment or referral, and 
counselling on breastfeeding, thermal care, hygiene, cord 
care and on danger signs. These measures may prevent 
health problems from becoming long-term, with effects 
on women, their babies, and their families [61].

There are some limitations that need to be considered. 
First, the GBD 2017 reports estimated data. Owing to 
the poor availability of data in some regions or countries, 
there may be bias between the reported and actual val-
ues. Therefore, there may be some statistical bias in our 
analysis. Second, in exploring the association between 
maternal health service utilization and U5MR, we 
included a limited number of control variables. We are 
unable to include all potential confounders due to con-
straints imposed by the availability of province-level data. 
It is possible that some variables were not measured, 
which may have biased the results.

Conclusion
The decline in U5MR in China was associated with hos-
pital delivery rate and postpartum visits rate. Hospital 
delivery can reduce U5MR by reducing neonatal mortal-
ity. postnatal visits have a long-term impact on reduc-
ing U5MR. The design and implementation of maternal 
health services may provide references to other low-
income and middle-income countries.
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