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Provincial-level outcomes

of China’s '‘Reducing maternal
mortality and eliminating neonatal
tetanus’ program

Peiran Chen®, Mingrong Li%*, Jun Zhu?, Yanping Wang?, Yi Mu?, Qi Li%, Li Dail, Zheng Liu?,
Juan Liang**! & Hanming Liu***

To determine whether the nationwide program ‘Reducing maternal mortality and eliminating
neonatal tetanus’ contributed to the rapid decline in China’s maternal mortality ratio (MMR) and
neonatal tetanus elimination by enhancing hospital delivery, we compared MMR and neonatal tetanus
incidence rate (NTR) reductions by province from 2000 to 2013. The difference-in-difference method
was used to analyze the program effect. Long-term effects were analyzed relative to MMR and NTR in
2000 and 2002, respectively, while short-term effects in a given year were analyzed relative to MMR
and NTRin the preceding year. The national program was associated with a faster decline in MMR in
the long term. The rate of decline showed an inverse ‘U’ shape from 2000 to 2013, peaking in 2009.
The program had a short-term effect in MMR reduction in 2005, 2007, and 2009. The program was also
associated with faster decline in NTR in the short term at some time points, but this association was
not consistent and was not found in the long term. In conclusion, the program accelerated decline of
MMR from 2000 to 2013 but did not clearly reduce NTR at the province level. Therefore, this targeted
program worked efficiently in resource-poor areas.

Reducing maternal mortality is challenging. It requires comprehensive changes in policy support, health financ-
ing, health workforce, health infrastructure and maternal care coverage'. Unfortunately, the global 2015 goal for
the reduction in maternal mortality was not met. A World Health Organization (WHO) report released at the end
of 2015 showed that the global maternal mortality ratio (MMR) fell by 44% from 385 to 216 deaths per 100,000
live births between 1990 and 2015, which fell short of the 75% decline stipulated in Millennium Development
Goal 5 (MDG 5)% In addition, no region of the world achieved that. Reducing maternal mortality in resource-
scarce areas such as Africa and remote areas of China is even more difficult.

Annual MMR reduction rate in China was only 2.8% from 1996 to 1999°, which is less than the 5.5% that
WHO estimated to be needed in order to achieve MDG 5. One of the challenges to reduce maternal death in
China is the regional inequity in healthcare infrastructure and access. For example, MMRs are nearly three times
higher in western areas than eastern areas®, and the annual MMR reduction in western areas was only half that
in eastern areas’. Estimates suggest that more than 95% of maternal deaths in western areas and 76% in eastern
areas are preventable, with obstetric hemorrhage accounting for 59% of preventable maternal deaths in western
regions and 35% in eastern regions’.

In addition to reducing maternal mortality, the Chinese government also aimed to reduce neonatal death.
The Plan for China’s children’s development in the 1990s, which was released in 1992, stated that China aimed
to decrease MMR by 50%, decrease neonatal mortality by 33% by 2000, and eliminate neonatal tetanus by 1995°.
However, a study of 30 counties from six provinces in China found that the average neonatal mortality rate was
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Figure 1. County coverage, by province, of the national ‘Reducing maternal mortality and eliminating neonatal
tetanus’ program in mainland China in 2000, 2005 and 2010. Shading reflects the proportion of counties in each
province that were included in the program.

22%o in 1996. Of the neonatal deaths, 16.3% were attributed to neonatal tetanus, and this was still the third most
frequent cause of neonatal death in 1996. In total, 89% of tetanus-related deaths involved births at homes, where
family members assisted’. These deaths would have been preventable if the births had occurred with skilled
attendants under disinfected and sanitary conditions.

In order to reduce preventable maternal and neonatal deaths, the Chinese government launched the nation-
wide program ‘Reducing maternal mortality and eliminating neonatal tetanus’ in 2000. The goal of this program
was to reduce the national MMR and neonatal tetanus incidence rate (NTR) in remote, poor areas in the central
and western parts of the country. The program aimed to increase hospital births and provide skilled attendants
and disinfectant birth environment. It involved eliminating the ‘four inaccessibilities™: (1) eliminate the culture
inaccessibility, by providing health education to maternal and child health (MCH) workers and women of repro-
ductive age and their families. Health education aims to persuade women to give birth in a hospital. It includes
information on maternal health, the benefits of hospital delivery, and possible risks of traditional delivery; (2)
eliminate economic inaccessibility by providing financial assistance to poor families for hospital births; (3)
eliminate territory inaccessibility by providing maternal emergency centers, referral networks and ‘green chan-
nels’ for first aid; and (4) eliminate service inaccessibility, by training grass roots clinicians or sending them to
provincial hospitals for further training. Training was mainly provided for midwifery skills, including manual
removal of the placenta, repair of vaginal lacerations, cesarean section, and first aid skills. Besides, the program
also provide basic and emergency obstetric equipment, blood supplies and medicine to village, township and
county medical hospitals to improve the quality and accessibility of obstetric services®.

It is likely that this nationwide program helped reduce MMR and NTR in China; however, most studies
focused on county-level outcomes and did not examine later stages of the program®-!!. Therefore the present
study examined the program’s outcomes at provincial level in both the short and long terms.

Methods

The ‘Reducing maternal mortality and eliminating neonatal tetanus’ program. This govern-
ment-initiated program was started in 2000 in 378 counties across 12 provinces where MMRs were >80 per
100,000 live births (Inner Mongolia, Jiangxi, Hunan, Chongging, Sichuan, Guizhou, Yunnan, Tibet, Gansu,
Qinghai, Ningxia and Xinjiang). In 2004, the program was expanded to include another 62 counties in Jilin,
Hubei, Guangxi, Shaanxi and Xinjiang provinces and was expanded again in 2005 to another 560 counties from
Hebei, Shanxi, Heilongjiang, Anhui, Henan, Hainan and Xinjiang provinces. Except for resource-rich provinces
along the east coast, the program included all provinces by 2005. In 2008, 182 counties were added to the pro-
gram. The program included all counties in the enrolled provinces for a total of 2,288 counties from 22 prov-
inces by 2010. Starting in 2014, the program was integrated into the National Essential Public Health Programs
(NEPHPs), which subsidized hospital births to ensure long-term effects. Figure 1 shows the program expansions
in mainland China.

Data. Data on provincial MMRs were collected through Chinas Provincial MCH Surveil-
lance system (PMCHSS) from 2000 to 2013. No data were available for 2001. MMR was calculated as
MMR = Maternal deaths (d"fiife Clji‘;f}elsand indirect cause) » 100,000. Maternal deaths were defined as pregnant
women who died during pregnancy or within 42 days of pregnancy termination, regardless of pregnancy dura-

tion or site. Maternal deaths due to accidental or incidental causes unrelated to pregnancy or its management
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Figure 2. Data reporting and quality control procedures.

were not considered. Live births were defined as newborns alive after at least 28 weeks of pregnancy, or a live
newborn weighing more than 1 kg according to the definition of perinatal birth in China'%

The PMCHSS is a five-level network that involves villages, townships, counties, municipalities, and provinces.
Data on the numbers of live births and deaths in women of reproductive age in the village are initially collected by
village doctors who are responsible for health management. The village doctors then report the data to township
MCH workers. The process for data collection is as follows: data are collected from township MCH institutions by
provincial MCH institutions level by level. The accuracy of number of live births and maternal deaths, as well as
authenticity of cause of maternal death, are checked before being reported to higher levels. Most provinces have
electronic reporting systems and collect data online. The provincial MCH institution finally report the maternal
death and live birth data to the National Office for MCH Surveillance every year using a standardized form.

Cases of maternal death and deaths in women of reproductive age are required to be reported to township
MCH institutions within 24 h by village doctors. The deceased woman’s family members are visited by an obste-
trician or MCH worker from the township hospital within three days to inquire about the cause of death and to
determine if the woman was pregnant. If the woman was pregnant, relevant information is reported to MCH
institutions at county level. MCH staff at county then conduct a further, more comprehensive investigation that
includes collecting information from family members, midwife, anesthetist, fellow physicians and nursing staff of
the deceased woman through standardized forms, and by obtaining a copy of the medical records. Standardized
forms are completed within seven days and submitted to the commission at county level.

All maternal deaths are reviewed by the relevant commission at county, municipal, and provincial levels. After
reviewing the deaths, the commission first determines whether they met the criteria for a maternal death and
then identifies the main cause of death, factors that contributed to the death, and preventive measures that were
subsequently implemented. The death review results are submitted to the National Office for MCH Surveillance,
which reviews the data to rectify possible errors®.

To ensure the quality of collected data, all the data go through a quality control process each year. The quality
control process, which aims to investigate missing reports and data quality, is multisource and multilevel. All
the data and information for deaths of woman in reproductive age from hospitals, Centers for Disease Control
(CDCQ), police and crematoriums are collected and cross-checked. After excluding reported maternal deaths
and deaths of women who were not pregnant, the remaining possible maternal death cases are investigated by
inquiring the hospital or local community to determine the cause of death. If deaths was confirmed as pregnant
woman, a supplement or missing case report is initiated. The quality control procedures occur from bottom to
top, starting at the county level, then progressing to municipality, province, and national levels. Quality control
procedures occur once per year at provincial and national levels, four to six times per year at county levels, and
twice per year at all other levels. There is a permitted threshold of < 15% missing reports for maternal deaths and
<10% for live births. If the reported data fails to meet the requirements during the quality control procedure
at each level, MCH institutions reinvestigate the missing report and resubmit reports to meet requirements.
When quality control occurs at each level, the missing report rate is approximately 5%, which is far below the
permitted threshold.

The data collection and quality control details are shown in Fig. 2.

NTR data at provincial level was collected through the yearbook of National Health Statistics from 2002 to
2013. Data were not available for 2000 or 2001. NTR data at county levels from 2000 to 2013 were collected
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2000 ‘ 2002 ‘ 2003 ‘ 2004 ‘ 2005 2006 2007 2008 2009 2010 2011 2012 2013
MMR
Long-term effect
Reference | = 18.23 -21.85 —2547 —-42.17 —43.80 -46.83 -52.49 —54.03 -4391 —-38.04 -38.79 —41.02
(0.0666) | (0.0375)* | (0.0122)* | (0.0015)* | (0.0080)* | (0.0055)% | (0.0041)* |(0.0036)* | (0.0163)* | (0.0064)* | (0.0043)* | (0.0032)*
Short-term effect
Reference -18.23 -3.37 0.72 -14.58 -2.53 -8.53 -6.23 -5.68 1.65 -3.48 -3.22 -1.50
(0.0666) (0.2948) (0.8558) (0.0041)* (0.5187) (0.0174)* (0.1076) (0.0106)* (0.6092) (0.0890) (0.1403) (0.3726)
NTR
Long-term effect
Reference -0.02 -0.28 -0.49 -0.92 -1.13 -1.44 -1.59 —1.45 -0.40 -0.31 -0.34
(0.9597) | (0.4667) | (0.3989) | (0.2539) | (0.2211) |(0.1822) |(0.1649) | (0.2278) | (0.6565) | (0.7162) | (0.7047)
Short-term effect
Reference -0.02 -0.17 -0.27 -0.35 -0.11 -0.06 -0.26 0.11 -0.03 —-0.06 0.08
(0.9597) (0.6402) (0.2940) (0.0872) (0.4528) (0.6052) (0.0140)* (0.2354) (0.5145) (0.2926) (0.2659)

Table 1. Coefficients (p-value) for estimating effects of the national program on MMR and NTR. Values in ()’
are P-values for each coefficient. *Program effect was statistically significant. Estimates for program effect were
adjusted for licensed physicians per 1,000 people, illiteracy rate, regional GDP and miles of highways per 1,000
miles.

from the ‘Reducing and Eliminating’ program and quality control measures information as described above for
PMCHSS.

Data on the following covariates were collected through the yearbook of China Statistics from 2000 to 2013:
licensed physicians per 1,000 people, illiteracy rate, regional GDP (Gross Domestic Product), and miles of
highways per 1,000 miles.

Neonatal tetanus elimination was a binary variable and was defined as less than one neonatal tetanus case
per 1,000 live births at district level, in accord with WHO criteria!®.

Statistical analysis. The program’s effects were analyzed for the long-term effects on reducing mater-
nal death and neonatal tetanus (henceforth termed the ‘long-term analysis’), the short-term effect on reduc-
ing maternal death and neonatal tetanus (‘short-term analysis’), and the trend in neonatal tetanus elimination
among counties in the program (‘elimination analysis’).

Provinces outside the program were used as the control. In the long-term analysis, MMR in 2000 and NTR
in 2002 were taken as the baseline. In the short-term analysis, MMR and NTR in the year before the year being
analyzed were used as the baseline. The difference-in-difference method (DID) was used for the long- and short-
term analyses. This method uses data from before and after the intervention and controls to assess the program’s
effects while avoiding selection bias'*'*. To control for other potential confounders, analyses were conducted
with the following covariates: licensed physicians per 1,000 people, illiteracy rate, regional GDP and miles of
highways per 1,000 miles.

The model used for long- and short-term analysis can be summarized as.

Uit = Bo + Bpost * Post + Bexp * Exposure + Binteraction * Post * Exposure + By * Xjr + &y,

where U, is the MMR or NTR of province i at time t, . and Sy, are binary variables indicating whether the
province I was in the postinclusion period or was or was not enrolled in the program at time ¢, the interaction
is for the DID estimates, and X;; captures the covariation of province i with time .

Provinces were categorized into four groups according to whether they were never included in the program
(group g0) or were included in 2000 (g1), 2004 (g2) or 2005 (g3). Box plots were used to illustrate the dispersion
of MMR and change in MMR over time.

Logistic regression was used in the elimination analysis to examine neonatal tetanus elimination. A binary
variable of neonatal tetanus elimination at county level served as the dependent variable in the model; year, as
the independent variable; and hospital birth rate, as the covariate. The Mantel-Haenszel test was used to analyze
neonatal tetanus elimination trends from 2000 to 2013.

We also analyzed how much individual counties participating in the program contributed to provincial MMR
and NTR reduction. The model of panel data analysis was y;, = &;* + fix;; + u;, where MMR or N'TR at county
level was the only independent variable, MMR or NTR at provincial level was the dependent variable, and all
other variables were assumed to be uncorrelated and invariant through different time and units. The county
contribution was estimated using RS,

SAS 9.4 (SAS Institute, Cary, NC, USA) was used for data analysis, and significance was defined at the 0.05
level.

Results

Program effects on maternal death. Table 1 shows estimates of long- and short-term effects of the
national program on MMR reduction. After adjustment for covariance, the program showed long-term reduc-
tion in MMR beginning in 2003, with a maximal effect in 2009 (f=—-54.03, P=0.0036). In the short-term analy-
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Figure 3. MMR during the study period for different groups of provinces. g0 = provinces outside the program;
gl =provinces in the program from 2000; g2 = provinces in the program from 2004; g3 = provinces in the
program from 2005; MMR maternal mortality ratio.

sis, the program significantly reduced MMR in 2005 (8=—14.58, P=0.0041), 2007 (3=-8.53, P=0.0174) and
2009 (8=—5.68, P=0.0106).

Figure 3 shows the box plot for MMR per year in g0, g1, g2, and g3 provinces. MMR in g0 provinces remained
low, with slight fluctuations. MMR in g1, g2, and g3 provinces was initially higher than in g0 provinces, but
declined thereafter, closing the gap between g0 and other provinces.

The annual data in Fig. 3 are replotted as trend lines in Fig. 4. This figure shows that MMR quickly decreased
in the four province categories. The g0 provinces showed the least negative slope, while g1 showed the most
negative slope. Slopes for g2 and g3 provinces became more negative after their inclusion in the program.

Program effects on neonatal tetanus. Table 1 shows long- and short-term effects of the program on
NTR reduction. No significant results were observed in the long term, whereas the program reduced the NTR in
2009 in the short-term analysis (8=—-0.26, P=0.0140).

Table 2 shows that the proportion of counties that eliminated neonatal tetanus increased from 206 (55.2%)
in 2000 to 1815 (97.4%) in 2013, and shows that this trend was statistically significant (Z=-39.76, P<0.0001).
The rate of hospital births increased from 55.2% in 2000 to 99.2% in 2013 in counties included in the program.
This increasing rate was associated with a significant increase in neonatal tetanus elimination at county level
(OR 6.34, 95% CI 5.05-7.95).

Figure 5 shows how much individual counties contributed to reducing provincial MMR and NTR. The posi-
tive trend for both outcomes was significant, with respective R* values of 0.1569 (Fig. 5, left panel) and 0.2549
(Fig. 5, right panel).

Details of ethics approval. All surveillance data were collected through China’s national routine surveil-
lance systems and the study was conducted using aggregated data as part of routine surveillance activities. No
formal ethical approval was required.
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Figure 4. Trend for MMR in different groups of provinces. g0 = provinces outside the program; gl =provinces
in the program from 2000; g2 = provinces in the program from 2004; g3 = provinces in the program from 2005;
data for provinces outside the program are shown as dashed lines; data for provinces in the program, as solid
lines. MMR maternal mortality ratio.

Neonatal tetanus elimination

Year Rate of hospital births (%) | Number of counties (missing) | No Yes

2000 | 55.21 373 (5) 167 (44.77%) | 206 (55.23%)
2001 58.86 373 (5) 121 (32.44%) 252 (67.56%)
2002 62.37 374 (4) 110 (29.41%) 264 (70.59%)
2003 | 64.99 374 (4) 104 (27.81%) | 270 (72.19%)
2004 70.06 424 (4) 109 (25.71%) 315 (74.29%)
2005 75.53 966 (4) 212 (21.95%) 754 (78.05%)
2006 81.10 966 (4) 171 (17.70%) 795 (82.30%)
2007 | 86.82 967 (3) 136 (14.08%) | 830 (85.92%)
2008 90.69 1,158 (0) 124 (10.72%) 1,033 (89.28%)
2009 95.37 2,138 (4) 133 (6.22%) 2,004 (93.78%)
2010 | 97.14 2,003 (139) 101 (5.04%) | 1,902 (94.96%)
2011 98.36 2,115 (27) 76 (3.59%) 2,039 (96.41%)
2012 98.83 2,137 (5) 67 (3.14%) 2,070 (96.86%)
2013 | 99.22 1,864 (278) 48 (2.58%) | 1,816 (97.42%)

Table 2. Neonatal tetanus elimination among counties in the national program.

Discussion

Our study provides a comprehensive assessment of provincial-level outcomes of the ‘Reducing and Eliminating’
program. Although the program was only implemented in rural counties, the results of our study show that it
has accelerated MMR reduction at provincial level. Previous assessments of the program also concluded that
it led to a faster MMR decline for counties included in the program compared to counties not included in the
program®'°. However, these previous studies did not examine data from 2008 onwards. Therefore, the present
study extends the program assessment through its end in 2013, when the program’s measures were integrated into
the NEPHPs. This study shows that programs can accelerate provincial MMRs reduction and that they require a
long time to show evidence of success. Therefore, these programs can help narrow the gap in maternal and child
health infrastructure between remote and coastal provinces in China (Fig. 3).

To understand the program effects in detail, we examined long- and short-term effects separately. In the long
term, MMR fell faster in provinces included in the program compared with those not included in the program
(Fig. 4), and the gap between the two sets of provinces increased with time before 2010 (Table 1). One explanation
for this trend may be that the provincial governments, on the basis of the accelerated MMR reduction observed
in provinces within the program, also began to invest in areas outside the program'”'® thus helping to increase
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Figure 5. Contributions of individual counties to provincial decline in MMR and NTR. Left panel: MMR; right
panel: NTR. MMR maternal mortality ratio, NTR neonatal tetanus incidence rate.

the apparent effects of the program at provincial level. We performed a provincial-level analysis to capture such
‘spillover’ effects. However, this lifetime program assessment revealed that while the program accelerated MMR
reduction from 2003 to 2009, continued reductions were not seen after 2009. The inverse ‘U’ shape of the pro-
gram effect may have occurred because home births without hygienic standards and medical assistance were the
main cause of maternal death in poor, remote areas of China when the program began. However, as the initial
problem of access to adequate obstetric services was addressed by increasingly widespread hospital birth, which
narrowed the gap between provinces that were in or outside the program. The program did not have statistically
significant effects in 2002. This may reflect the fact that only a small proportion of counties had implemented
the program in each province by 2002 since the program only began in 2000.

In contrast to the successful long-term analysis, short-term showed few significant reductions in MMR at
provincial level. These results suggest that such programs need a relatively long time to show effects.

In contrast to its long-term success with MMR reduction, the ‘Reducing and Eliminating’ program did not
appear to have significantly accelerated an overall decline of NTR in China. Neonatal tetanus is mainly caused by
unsanitary home births and can therefore be eliminated if newborns are born in a hospital with skilled attendants
and in a disinfected and sanitary environment. NTR data were available between 2002 and 2013. The program
was initially launched in 2000. In the third year of the program (2002), NTR had already fallen to low levels
(NTR in 2002, 1.201%o). In addition, the NTR may be relatively high in some counties, but low at provincial
level. While N'TR varied largely between provinces (coefficient of variation, CV =1.78 in 2002), the program
aimed to eliminated the NT at county level, Therefore, it is even harder to achieve statistically significant results
at provincial level. These findings were confirmed by another study that compared the NTR between program
counties and counties outside the program and showed that the program significantly reduced NTR in the early
years of the program'’. Nevertheless, the proportion of counties that eliminated neonatal tetanus increased
significantly over time, and the NTR decrease at county level helped China lower its provincial-level NTR by
30% (Fig. 5, right panel).The incidence of neonatal tetanus has historically been high in China'® due to the poor
economic situation and preference for home or traditional births?. Our results suggest that the increasing rate of
hospital births can eliminate neonatal tetanus. A sampling study by WHO in two high-risk areas included in the
program in 2014 failed to find any case of NT, leading the organization to declare its elimination from China?!.

China’s success in reducing MMR may reflect its decision to focus efforts on disadvantaged areas from
the beginning. Nepal, like China, implemented a targeted program to address high maternal and neonatal
mortality?>?, but their MMR reduction from 1990 to 2015 was smaller than Chinas®*. Although both countries
provided birthing facilities and offered economic incentives for mothers, Nepal did not initially target disad-
vantaged areas. In contrast, China initially introduced the program to impoverished counties with the highest
MMRs in 2000, then expanded the program in 2004 and 2005. This suggests that interventions aimed at the most
vulnerable areas can have impressive effects®.

Our study is one of the first to separately assess the national program on its long and short term effect sepa-
rately. In addition, we also assessed the program effect over its whole lifespan from 2000 to 2013. However, there
were still limitations to this study, including the lack of NTR data from counties that were not in the program
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and the lack of baseline data from provinces before their inclusion in the program. In addition, by failing to
take into account potentially relevant variables such as institutional first aid capability and first aid equipment
quality, our analysis may overestimate the contribution of each county to provincial MMR and NTR reduction'®.

The ‘Reducing maternal mortality and eliminating neonatal tetanus’ program is one of the largest programs
in maternal and child health that the Chinese government has funded (approximately 4 billion USD), and is also
one of the longest with a lifespan of 13 years. The cumulative effect of the program and sustainment hospital
births subsidies (the program was integrated into NEPHPs and expanded its coverage of subsidized hospital
births to ensure long-term effects) resulted in a current hospital delivery rate over 99% and a steadily decreasing
MMR in China. China achieved MDG5 in 2014%° and the MMR in 2019 is 17.8 per 100,000 live births?’. Available
evidence suggests that the program has paid oftf for MMR reduction not only in China but in all of East Asia.
This is because China accounts for roughly 85% of the population in East Asia, and the great reduction in MMR
of China contributed to the reduction in the entire region, which had the second largest MMR reduction in the
world® The program has supported maternal and child health in impoverished areas in China through health
education, training, infrastructure and financial incentives. In addition, it has helped change attitudes about giv-
ing birth in a hospital, where mothers have access to hygienic conditions and medical assistance when necessary.
These experiences may be useful for other countries, especially those in resource-poor areas that struggle with
reducing maternal death and improving perinatal safety.
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