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Abstract 

Background:  Understanding the trends and causes to the burden of maternal deaths is a key requirement to further 
reduce the maternal mortality ratio (MMR), and devise targeted intervention policy. We aimed to evaluate the spati‑
otemporal trends of MMRs and cause patterns across the 34 provinces of China during 1990–2017.

Methods:  Using data from the Global Burden of Disease Study 2017, we calculated the levels and trends of total 
maternal deaths and MMR due to ten different causes through Bayesian multivariable regression model for pregnan‑
cies aged 10–54 years, and assessed the age and regional distribution over time.

Results:  China has experienced fast decline in MMR, dropped from 95.2 (87.8–102.3) in 1990 to 13.6 (12.5–15.0) in 
2017, with an annualised rate of decline of 7.0%. In 1990, the range of MMRs in mainland China was 31.1 in Shanghai, 
to 323.4 in Tibet. Almost all provinces showed remarkable decline in the last two decades. However, spatial hetero‑
geneity in levels and trends still existed. The annualised rate of decline across provinces from 1990 to 2017 ranged 
from 0.54% to 10.14%. Decline accelerated between 2005 and 2017 compared with between 1990 and 2005. In 2017, 
the lowest MMR was 4.2 in Zhejiang; the highest was still in Tibet, but had fallen to 82.7, dropped by 74.4%. MMR was 
highest in the 40–49 years age group in both 1990 and 2017. In 2017, haemorrhage and hypertensive disorders were 
the leading two specific causes for maternal deaths.

Conclusions:  MMRs have declined rapidly and universally across the provinces of China. Setting of associated inter‑
ventions in the future will need careful consideration of provinces that still have MMR significantly higher than the 
national mean level.
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Introduction
Reducing maternal mortality is challenging and has long 
been a global health priority. It is one of the eight targets 
in the United Nations (UN) Millennium Development 
Goals (MDG) framework [1], and a key goal of the Global 
Strategy for Women’s and Children’s Health launched by 

the UN Secretary-General in September, 2010 [2]. Over 
the past two decades, China has seen rapid progress in 
improving maternal health, pushing down the maternal 
mortality ratio (MMR; number of maternal deaths per 
100 000 livebirths) at an annualised rate of 7.5% per year 
from 1990 to 2015, one of the fastest decreases in the 
world [3]. The national MMR fell from 114.2 in 1990 to 
85.2 per 100 000 live births in 2000, and to 17.7 in 2015 
[3].

The levels and trends of maternal mortality in China 
has recently been systematically reported using data from 
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the national Annual Report System on Maternal and 
Child Health (ARMCH) during 1996–2015 [4]. This sur-
vey found substantial heterogeneity in MMR at the coun-
try level, the annualised rate of decline in maternal deaths 
across counties of China from 1996 to 2015 ranged from 
4.4% to 12.9%, and 2838 of the 2852 (99.5%) counties had 
achieved the MDG 5 pace of decline. However, it did not 
document the cause pattern of maternal deaths and its 
differences in age groups. Understanding the causes to 
the burden of maternal deaths is a key requirement to 
further reduce the MMR, and devise targeted interven-
tion policy. More recently, the Global Burden of Diseases, 
Injuries, and Risk Factors Study 2017 (GBD 2017) pro-
vided estimates of maternal causes of death as part of the 
analysis of all causes of death. In this study, we reported 
the spatiotemporal trends of maternal mortality by prov-
ince and age groups, and tracked the key causes contrib-
uting to maternal deaths in China during 1990–2017, 
using data from GBD 2017.

Materials and methods
Data source
Data on the absolute number of maternal deaths, MMR 
and cause categories by the China province-level dur-
ing 1990–2017 were obtained from the Maternal Health 
Atlas of GBD 2017 (publicly available online: https://​
mater​nalhe​altha​tlas.​org/). GBD defines maternal deaths 
as “any death of a woman (range from 10 to 54 years age) 
while pregnant or within one year of termination of preg-
nancy, irrespective of the duration and site of the preg-
nancy, from any cause related to or aggravated by the 
pregnancy or its management but not from accidental 
or incidental causes” [4–6]. According to the definition 
of GBD 2017, maternal deaths were disaggregated into 
to ten causes: maternal haemorrhage, maternal hyper-
tensive disorders, ectopic pregnancy, indirect maternal 
deaths, late maternal deaths, maternal abortion and mis-
carriage, maternal obstructed labor and uterine rupture, 
maternal sepsis and other maternal infections, maternal 
deaths aggravated by HIV/AIDS, and other maternal 
disorders.

We present findings for 34 provincelevel administra-
tive units of China: 23 provinces, 4 municipalities, 5 
autonomous regions, and 2 special administrative regions 
(SARs), but they are all termed as “province” throughout 
the current article. We used standard GBD data process-
ing procedures and analytical models to generate mater-
nal mortality estimates. Detailed descriptions on these 
approaches can be found in previous GBD publications 
[4–6]. In this research, the discussion is mainly focused 
on the provincelevel burden of maternal mortality for 
mainland China.

Statistical analyses
The MMR was estimated for the 34 provinces, by age and 
cause, from 1990 to 2017 using DisMod-MR 2.1, a Bayes-
ian meta-regression tool developed for the GBD [3]. 
The final results consisted of cause fraction and number 
of maternal deaths due to each cause, by province, age 
group, and year. The MMRs for each 5-year age group 
were calculated between 15–49  years separately using 
age-specific livebirths. Because no standard estimates of 
birth rates were available for the age group 10–14 and 
50–54  years, we just estimated the number of maternal 
deaths in the two age groups but did not calculate the 
MMR for them. The annualised rate of change (ARC) 
was calculated using the continuous rate-of-change for-
mula [7] in each province separately for 1990–2005 and 
2005–2017. ARC examination highlights overall trends, 
and allows identification of those provinces that have 
achieved MDG 5 (equivalent to a sustained 5.5% decrease 
per year).

The expected number of maternal deaths were proba-
bilistically predicted based on the Socio-demographic 
Index (SDI) of each province during 1990–2017 [8]. The 
observed/expected maternal deaths (O/E) was calculated 
to explore whether the province doing better or worse 
than expected. The SDI is a combined measure of total 
fertility rates among women younger than 25 years, aver-
age educational attainment in the population older than 
15 years, and lagdistributed income per person [8]. Each 
index is scaled from 0 (highest fertility, fewest years of 
schooling, and lowest income) to 1 (lowest fertility, most 
years of schooling, and highest income), and the geomet-
ric mean value of the three indexes produces a final index 
score of 0–1. SDI values reflect the degree of social devel-
opment. The national SDI for China in 2017 was 0.71, 
ranged from 0.47 to 0.86 at the province level [9]. The 
methods used to calculate the SDI are described in detail 
in previous report [10].

GBD 2017 generated the 95% uncertainty intervals 
(UIs) for the cause-specific maternal deaths, MMR and 
annualised rates of change for China as a country. The 
values were generated from the mean of 1000 draws, and 
the 95% UIs were determined by the 2.5th and 97.5th 
centiles of the ordered draws. This study is compliant 
with the Guidelines for Accurate and Transparent Health 
Estimates Reporting (GATHER) [11].

Results
National and province‑specific maternal mortality
From 1990 to 2017, the total annual number of mater-
nal deaths declined remarkably by 90.1% in China, from 
22,615.2 (95% UI 20,867.8–24,304.2) to 2240.5 (95% 
UI 2058.0–2477.9); the MMR declined from 95.2 (95% 
UI 87.8–102.3) in 1990 to 13.6 (95% UI 12.5–15.0) in 
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2017, dropped by 85.7% (Table  1, Fig.  1a). The women 
aged 20–29  years had the greatest number of mater-
nal deaths; however, MMR was lowest in these women 
but highest in the 40–49 years age groups in both 1990 
and 2017 (Fig. 1b). Both the total number of deaths and 
MMR decreased significantly between 1990 and 2017 for 
all age groups (Fig. 1b). We used data of 2017 (Table 2) 
for estimating the proportions of maternal death in 

different age groups, and observed that 3.1% of mater-
nal deaths happened in the group aged 15–19  years, 
40.5% in women aged 20–29  years, and 56.0% in those 
aged 30 years and older, with the remainder 0.3% occur-
ring in the group aged 10–14 years. The MMR in moth-
ers aged 15–19 years in 2017 was 3.6 times higher than 
that in women aged 20–24  years, and 2.3 times higher 
than those aged 25–29 years. Notably, the MMR was 33.0 

Table 1  Provincial number of maternal deaths, MMR, annualized rates of change in MMR and percent MMR reduction between 1990 
and 2017, and ratio of observed to expected maternal deaths

MMR Maternal mortality ratio (number of maternal deaths per 100,000 livebirths), SDI Socio-demographic Index

Province Number of maternal 
deaths

MMR Annualized rate of 
change in MMR 1990–
2017(%)

MMR reduction 
between 1990 and 
2017 (%)

Observed/expected 
maternal deaths 
based on SDI

1990 2005 2017 1990 2005 2017 1990 2005 2017

China overall 22,615.2 5783.4 2240.5 95.2 39.7 13.6 -7.0 85.7 0.27 0.25 0.29

Anhui 1366.9 244.3 85.0 92.2 28.7 10.0 -8.21 89.2 0.19 0.10 0.11

Beijing 112.8 41.9 22.8 66.8 25.5 8.9 -7.46 86.7 0.83 0.70 0.61

Chongqing 319.6 136.8 30.0 83.9 32.9 8.8 -8.37 89.5 0.19 0.15 0.14

Fujian 443.6 109.8 38.8 58.3 18.0 6.5 -8.13 88.9 0.16 0.13 0.17

Gansu 884.7 260.8 89.9 138.5 69.0 23.0 -6.65 83.4 0.28 0.21 0.20

Guangdong 897.8 396.1 164.3 61.6 24.1 9.6 -6.88 84.4 0.24 0.32 0.41

Guangxi 1314.3 210.9 91.5 178.7 51.0 14.7 -9.25 91.8 0.38 0.23 0.26

Guizhou 1765.1 325.1 102.3 304.2 137.9 30.9 -8.47 89.8 0.35 0.17 0.14

Hainan 136.4 41.4 20.9 82.4 30.9 14.2 -6.51 82.8 0.29 0.24 0.30

Hebei 620.0 285.7 131.4 46.2 29.2 12.2 -4.94 73.6 0.12 0.21 0.30

Heilongjiang 323.5 68.7 26.3 57.5 29.7 12.3 -5.7 78.6 0.17 0.12 0.12

Henan 1377.3 469.7 202.7 79.5 57.8 16.6 -5.81 79.1 0.17 0.23 0.28

Hong Kong 9.4 9.9 6.3 13.8 16.4 10.7 -0.93 22.5 0.24 0.42 0.48

Hubei 564.7 111.5 52.6 55.8 29.6 10.2 -6.28 81.7 0.14 0.10 0.14

Hunan 1287.3 228.9 102.7 131.2 52.0 16.6 -7.65 87.3 0.26 0.18 0.22

Inner Mongolia 432.7 86.2 25.3 87.3 27.6 9.2 -8.32 89.5 0.26 0.21 0.20

Jiangsu 441.3 112.1 44.9 42.6 21.3 6.4 -7.04 85.0 0.11 0.11 0.14

Jiangxi 1444.0 199.2 66.6 147.4 27.5 9.5 -10.14 93.6 0.35 0.13 0.12

Jilin 388.1 89.9 32.3 68.9 29.9 13.4 -6.07 80.6 0.24 0.20 0.24

Liaoning 253.9 55.7 31.1 43.8 24.1 11.2 -5.05 74.4 0.17 0.14 0.19

Macao 2.5 1.0 0.8 36.7 23.7 11.9 -4.18 67.6 1.04 0.62 0.66

Ningxia 168.0 37.9 12.4 122.6 34.1 11.6 -8.72 90.5 0.31 0.16 0.15

Qinghai 271.2 91.0 36.0 206.1 97.5 40.5 -6.03 80.3 0.52 0.39 0.41

Shaanxi 307.1 183.8 94.3 39.9 40.4 18.4 -2.87 53.9 0.10 0.21 0.32

Shandong 788.3 178.5 108.8 75.1 37.3 12.8 -6.55 83.0 0.15 0.15 0.30

Shanghai 62.7 14.80 13.7 31.1 7.1 5.3 -6.59 83.0 0.30 0.17 0.26

Shanxi 922.0 192.0 80.3 137.4 43.8 16.2 -7.91 88.2 0.44 0.31 0.33

Sichuan 2914.7 529.6 129.4 116.9 54.5 13.0 -8.13 88.9 0.24 0.22 0.18

Taiwan 57.5 26.2 26.7 17.6 12.6 15.2 -0.54 13.6 0.4 0.57 1.19

Tianjin 81.9 22.0 14.1 49.0 19.2 9.7 -6.01 80.2 0.35 0.32 0.44

Tibet 205.9 106.4 58.4 323.4 158.6 82.7 -5.05 74.4 0.38 0.25 0.25

Xinjiang 785.9 382.0 169.9 208.8 105.8 41.6 -5.98 80.1 0.69 0.86 0.91

Yunnan 1276.1 491.0 126.0 128.3 63.4 18.3 -7.21 85.7 0.25 0.22 0.18

Zhejiang 445.7 69.1 29.0 45.9 10.4 4.2 -8.89 90.8 0.14 0.08 0.12
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times higher for a woman aged 45–49 years (201.5, 95% 
UI 179.3–225.8) than for a woman aged 20–24 years (6.1, 
95% UI 5.3–7.0).

In 1990, the MMR showed considerable heterogene-
ity across provinces in mainland China, ranged from 

31.1 in Shanghai to 323.4 in Tibet (Table  1, Fig.  2a). 
Shanghai, Hebei, Jiangsu, Liaoning, Shaanxi, Tianjin 
and Zhejiang had MMR lower than 50 (Table 1, Fig. 2a).

We recorded remarkable decreases in MMR for all 
provinces up to 2017, especially in Jiangxi, the MMR in 
this province reduced from 147.4 in 1990 to 9.5 in 2017, 

Fig. 1  National results with 95% uncertainty interval for the a number of maternal deaths (left) and maternal mortality ratio (MMR; number of 
deaths per 100,000 livebirths; right) by year (1990–2017), and b national number of maternal deaths (left) and MMR (right) in 1990 and 2017, by age 
groups. Shaded areas show 95% uncertainty intervals

Table 2  Number of maternal deaths and maternal mortality ratio in 1990 and 2017 of China, by age group

NA Not available

Number of maternal deaths Maternal mortality ratio

Age group (years) 1990 2017 1990 2017

10 to 14 76.4 (66.1–88.3) 6.8 (6.0–7.7) NA NA

15 to 19 1465.3 (1270.3–1675) 69.8 (60.7.5–81) 167.4 (145.1–191.4) 21.7 (18.8–25.1)

20 to 24 5903.8 (5266.6–6564.7) 245 (214.4.0–284.1) 53.3 (47.5–59.3) 6.1 (5.3–7)

25 to 29 6091.7 (5492.8–6736.2) 663.2 (597.7.5–735.7) 73.4 (66.2–81.1) 9.3 (8.3–10.3)

30 to 34 4609.2 (4142.5–5032) 617.2 (553.7.0–697.2) 183.1 (164.6–199.9) 17.1 (15.3–19.3)

35 to 39 3061.9 (2695.4–3418.1) 330 (297.7.5–370.1) 356 (313.4–397.5) 34.3 (30.9–38.4)

40 to 44 1037.1 (906.9–1180.3) 174.5 (156.6.0–198.1) 1130(988.2–1286.1) 58.3 (52.4–66.2)

45 to 49 295.3 (264.3–331.3) 101.6 (90.4.5–113.8) 1062.9 (951.4–1192.5) 201.5 (179.3–225.8)

50 to 54 74.5 (66.3–82.2) 32.5 (28.9.0–36.4) NA NA
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decreased by 93.6%. Twenty-seven provinces achieved 
the MDG 5 target of a 75% reduction in MMR by 2017, 
and 30 provinces had MMR less than 20 (Table  1, 
Fig. 2b). In China, 11 provinces (Anhui, Tianjin, Guang-
dong, Jiangxi, Inner Mongolia, Beijing, Chongqing, 
Fujian, Jiangsu, Shanghai and Zhejiang) had MMR below 
this level. Tibet still had the highest MMR (82.7) in 2017; 
however, compared with 1990 it had reduced by 74.4%. 
All the remained provinces in China had MMR below the 
targeted Sustainable Development Goal (SDG) 3.1 level 
of 70.

All provinces in China showed rapid decline in MMR 
by 2017. However, progress at the province level has been 
heterogeneous. The annualised rate of decline between 
1990 and 2017 ranged from 10.14% in Jiangxi to 0.93% 
in Hong Kong SAR (Table 1, Fig. 2c). Twenty-eight prov-
inces had higher annualised rates of decline in MMR 
between 2005 and 2017 than between 1990 and 2005 
(Fig.  3). Thirty-two provinces had achieved the MDG 
5 decrease of 5.5% per year in either time, except for 
Hong Kong SAR and Taiwan that already reached a low 
MMR since 1990. From 1990 to 2017, 27 provinces had 
reductions in MMR greater than 5.5% per year, except 
for Liaoning (-5.05%), Tibet (-5.05%), Hebei (-4.94%), 
Macao SAR (-4.18%), Shaanxi (-2.87%), Hong Kong SAR 
(-0.93%) and Taiwan (-0.54%) (Table 1).

In the province level, the observed maternal deaths was 
lower than expected values based on the SDI in all prov-
inces between 1990 and 2017, except for Beijing, Xinji-
ang, Macao SAR and Taiwan at some point during the 
MDG period that had a higher observed than expected 
values. 30 provinces had observed maternal deaths at 
least 50% lower than expected in 2017 (Table 1, Fig. S1). 
These provinces had widely varying levels of social and 
economic development (Table S1). Thus, although lower 
observed than expected values are not surprising for the 
14 high and highmiddle SDI provinces with good pub-
lic health intervention programmes, such as Jiangsu and 

Zhejiang, it is noteworthy that the remaining 16 prov-
inces with lower levels of economic development, such as 
Guizhou and Ningxia, also achieved impressive improve-
ment (Table 1, Fig. S1).

Cause pattern of maternal mortality
In 1990, haemorrhage, indirect maternal causes, and 
hypertensive disorders were the top three causes for 
maternal deaths in China. Notably, haemorrhage was the 
leading specific cause in all provinces (Table S2). Nation-
ally, it accounted for 69.1% (15,595.5/22615.2) of all 
maternal deaths that is far greater than the other causes 
(Fig. 4a). Except for other maternal disorders and deaths 
aggravated by HIV/AIDS, the absolute numbers of mater-
nal deaths due to all other causes decreased significantly 
from 1990 to 2017 (Fig. 4a, Fig. S2). The greatest reduc-
tion was seen in deaths due to maternal haemorrhage: 
from 15,595.5 (95% UI 14,341.6–16,922.7) in 1990, to 
553.6 (95% UI 493.3–625.2) in 2017, decreased by 96.5% 
(Fig. 4a). In 2017, except for other non-specific maternal 
disorders, haemorrhage and hypertensive disorders were 
still the top two leading causes for maternal mortality in 
China, accounted for 553.6 (95% UI 493.3–625.2) and 
331.8 (95% UI 291.6–378.1) deaths respectively (Fig. 4a, 
Table S3).

The biggest percentage decrease was also seen in 
maternal haemorrhage, which caused 69.1% (95% UI 
67.2–70.9%) of all maternal deaths in 1990, but dropped 
to 25.0% (95% UI 24.6–25.4%) in 2017. The percentage of 
maternal deaths due to ectopic pregnancy, abortion and 
miscarriage, hypertensive disorders, obstructed labor and 
uterine rupture, and late maternal deaths increased from 
1990 to 2017 (Fig. 4a, Fig. S3). Except for other non-spe-
cific disorders, haemorrhage and hypertensive disorders 
were the top two leading causes that accounted for the 
highest proportion of maternal deaths in 2017 (Fig. 4a). 
The top 5 provinces with highest proportion of maternal 
deaths due to haemorrhage were Qinghai (29.9%), Anhui 

Fig. 2  Maternal mortality ratio (MMR) at the province level in a 1990, b 2017, and c annualised rate of change in MMR from 1990 to 2017 in the 
provinces of China
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(29.4%), Hong Kong SAR (28.8%), Sichuan (28.6%) and 
Henan (28.3%); the top 5 provinces with highest propor-
tion of maternal deaths due to hypertensive disorders 
were Xinjiang (26.5%), Tibet (26.3%), Qinghai (26.2%), 
Chongqing (19.1%) and Hainan (18.0%) (Fig. 4b).

Cause patterns vary by age. The proportion of mater-
nal deaths caused by haemorrhage increased with age 
in 15–34  years group, and falling from a peak of 27.9% 
in 30–34  years group to 7.8% in 50–54  years group. 
The proportion of abortion and miscarriage caused 
death was at low level in women aged 20–39  years, 
ranged from 5.7% to 6.8%. However, it raised sharply to 
25.1% in women aged 45–49  years. Hypertensive dis-
orders caused maternal deaths were more commonly 
observed  in young mothers, which accounted for 17.4% 
of total maternal deaths in women aged 20–24 years and 
reduced with advancing age, dropped to 4.3% in women 
aged 45–49  years. In contrary, maternal deaths caused 
by sepsis and other infections showed rapid increase 
with advancing age, ranged from 3.2% to 5.1% in women 

younger than 40 years, but reached 26.1% in 50–54 years 
group (Fig.  4c). The provincial number of maternal 
deaths by cause in each age group in 2017 are presented 
in Table S4.

Discussion
In China, there are more than 17 million livebirths each 
year [12]. Based on the data sources from GBD 2017, we 
describe the level, trends and cause patterns of the MMR 
for each province over a nearly 30-year period. We found 
substantial variation in MMR across provinces, but most 
(27/34) showed significant declines greater than the 
MDG 5 target of 5.5% per year during 1990–2017, and 
33 of the 34 provinces have achieved the MMR below 
the SDG 3.1 target level of 70 in 2017. This systematic 
analysis uncovers that haemorrhage and hypertensive 
disorders are the top two specific causes of maternal 
death currently in China, followed by abortion and mis-
carriage, indirect causes, and ectopic pregnancy. Mothers 

Fig. 3  Province-level annualized rate of change in maternal mortality ratio from1990 to 2005, and 2005 to 2017. MDG-5, Millennium Development 
Goals 5
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older than 40 years have a much higher MMR than those 
aged 20–29 years.

The drivers of improvement for MMR reduction are 
variable and multifaceted, including clinical skill, public 
health and national policy implications. Higher SDI and 
improved economic conditions usually contribute sub-
stantially to decline in MMR [5]. The lowest provincial 
MMR level in 2017 was 4.2 in Zhejiang, which was simi-
lar to those in the most developed countries, including 
Austria (4.3), Ireland (3.9), Finland (3.6), Italy (3.6), and 
Denmark (3.6) (https://​mater​nalhe​altha​tlas.​org/). How-
ever, income per capita in 1996 of China could explain 
only about 10% of the variation in the annualised rate 
of decline in MMR over the next two decades; in addi-
tion, from 1996 to 2015 the income improvement could 
explain only about 18% of the changes in MMR [4]. It 
should be noted that the number of deaths and reduc-
tions in MMR need to be considered together to inter-
pret the trends of maternal mortality. For example, 
meaning and reason for low reduction in MMR for Hong 

Kong SAR and Tibet are different. It is difficult to achieve 
a high decline when the number of deaths is already low.

The lower MMR might partly be attributed to the lower 
fertility rates, but seems more likely to result from inter-
ventions introduced by the national Reducing Maternal 
Mortality and Eliminating Neonatal Tetanus programme 
of China since 2000. In order to eliminate the inequality 
of MMR between economically rich and underdeveloped 
areas, the Chinese government launched this national 
programme to improve the maternal and neonatal health. 
It was initially administered to cover the midwestern 
regions of China, but had become a national policy by 
2009. Of this policy, some objectives should be noted, for 
they might provide effective reference for public health 
policy makers in other countries (particularly in those 
with lower economic levels) to devise effective plans for 
improving maternal health. These objectives consist of: 
improve obstetric health care at the county, township, 
and village levels; establish obstetric emergency centres 
and develop a green channel for obstetric intensive care 

Fig. 4  Causes of maternal death. a Total number (left) and mean percentage (right) of maternal deaths due to different causes in 1990 and 2017. 
Error bars show 95% uncertainty intervals. b Percentage of maternal deaths due to different causes in 2017, by province. c Percentage of maternal 
deaths due to different causes in 2017, by age group

https://maternalhealthatlas.org/
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services in all 2852 counties of China; improve the pro-
portion of in-hospital deliveries and provide financial 
support for women in rural areas and with low incomes; 
improve maternal health education; and strengthen 
supervision of obstetric health care in all medical institu-
tions [4].

In addition, due to the rapid economic development 
in the past two decades, comprehensive sex education, 
methods of modern contraception and access to safe 
abortion might all have contributed to the progress in 
maternal health and the reduction in maternal mortal-
ity. Increased coverage of high-quality antenatal care, and 
effective identifying and treatment of infectious diseases 
(e.g., chronic hepatitis B infection), pre-existing chronic 
conditions (e.g., renal dysfunction, rheumatic, or heart 
disease) and pregnancy abnormalities (e.g., nutritional 
deficiencies, hypertensive disorder, and hyperglycemia) 
are also essential for prevention of maternal deaths [4, 13, 
14].

From 2010 to 2015, the percentage of in-hospital deliv-
ery increased from 96.3% to 99.7%. During the same 
period, substantial efforts were also made to offer sys-
tematic care for mothers from before to after delivery, 
and the percentage of pregnancies received these ser-
vices increased from 80.9% to 91.5% [12]. Despite these 
impressive improvements, our results showed that five 
provinces still had MMR significantly higher than the 
national mean level of 13.6 in 2017, including Tibet 
(82.7), Xinjiang (41.6), Qinghai (40.5), Guizhou (30.9) and 
Gansu (23.0). Affected by traditional customs, women in 
these regions prefer to give birth at home [15]. Besides, 
low levels of education or even illiteracy have also lim-
ited the ability of pregnant women to seek the provision 
of formal healthcare services [16]. Excluding the educa-
tional level, the maternal healthcare medical resources in 
these areas are also at a disadvantage. Information from 
the China Health and Family Planning Statistical Year 
book for 2014 (http://​tongji.​cnki.​net/​kns55/​navi/​YearB​
ook.​aspx?​id=​N2014​12014​7&​floor=1) revealed that the 
number of personnel maternal healthcare service per 
1,000 persons for the five provinces was lower than other 
regions in China. The central and local governments 
should make a concerted effort and devise appropriate 
interventions to help these provinces. To sum up, cultural 
practices and low in-hospital delivery rate were reported 
as major factors behind the high MMR in the western 
and southwestern areas [13, 14, 17]. Tough natural envi-
ronments, weaker health services and difficulty in access-
ing convenient transportation might also contribute to 
the high MMR in these provinces [4]. Increased coverage 
of access to and quality of health care could contribute to 
further declines in maternal mortality in China.

Previous report revealed that more than 95% of mater-
nal deaths in western regions and 76% in eastern regions 
of China are preventable [13]. Haemorrhage was the lead-
ing specific cause of maternal deaths across the provinces 
in China, accounted for about 25% of all maternal deaths 
in 2017. It was reported that with advancing in suffi-
cient blood supply, skilful medical procedures and easy 
transportation, 90% of obstetric haemorrhage caused 
deaths would be preventable [18]. Continued promotion 
of policies to control pregnancy-induced hypertension, 
reduce anaemia and malnutrition, encourage skilled birth 
attendance and in-hospital delivery, discourage adoles-
cent fertility, and prevent unsafe abortion should lead to 
sustained maternal health improvement [19–21]. In addi-
tion, special obstetric care focused on fatal conditions of 
the peripartum and late maternal period, such as pulmo-
nary embolism, cardiomyopathy, and renal complications 
are also needed to be improved to reduce the preventable 
maternal deaths. Enhanced data collection with more 
detailed information on these interventions at the prov-
ince or even county level will be necessary in the future, 
which can help the government to create policies with 
precision.

This study provides comprehensive estimates of the 
levels and trends of maternal mortality due to different 
causes, by age and province for the period 1990 to 2017 
in China. The limitations of our study should also be 
pointed out. First, because of sparse data, only nine spe-
cific causal categories of maternal death were examined 
in this report. We were unable to quantify the contribu-
tions of other conditions, such as obesity, diabetes, pul-
monary embolism, cardiac disorders and hepatitis to the 
maternal mortality. Second, other potential data sources 
on maternal health, such as the ARMCH, and the Dis-
ease Surveillance Point system administered by the Chi-
nese Centre for Disease Control and Prevention, are key 
sources of vital statistics for maternal mortality. These 
data are important for the accurate estimation of levels 
and trends in maternal mortality of China. However, they 
did not provide detailed information on causespecific 
MMR estimates and the age groups of women. As civil 
registration systems provide essential information for 
public health policy devising and disease preventions 
[22], strengthening of these systems is vital for public 
health. Third, determination on which deaths of pregnant 
women should be defined as maternal deaths may influ-
ence the diagnosis and estimates of maternal mortality. 
For example, incidental deaths in which pregnancy had 
no causal role might be misclassified as maternal deaths. 
Additionally, in the current stage, China uses all possible 
medical resources to lower the risk of maternal mortal-
ity during pregnancy or within 42  days of termination 
of pregnancy. Insufficient attention on late maternal 

http://tongji.cnki.net/kns55/navi/YearBook.aspx?id=N2014120147&floor=1
http://tongji.cnki.net/kns55/navi/YearBook.aspx?id=N2014120147&floor=1
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mortality may lead to under-estimation of the maternal 
deaths.

Conclusions
In summary, substantial progress in reducing MMR has 
been achieved in China during the last two decades, but 
there is still major work left to do, for disparities in MMR 
remained striking across provinces. More than 2240 
women died during or following pregnancy in 2017, most 
of which might be preventable deaths. Haemorrhage and 
hypertensive disorders are the main drivers of mater-
nal death that need intensified focus. Setting associated 
interventions will need careful consideration of regions 
that still have MMR significantly higher than the national 
mean level, such as western China.
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