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Abstract
Background: China as a country met Millennium Development Goals regarding maternal mortality rate
(MMR) and under 5 mortality rate (U5MR), but high MMR and U5MR persist in various counties,
especially rural areas of Western China with predominantly ethnic-minority populations. This study aims
to understand multiple factors impacting MMR and U5MR in Xide and Mianning counties in Liangshan
Area of Sichuan Province with majority Yi ethnic minority population, as well as the experiences of
healthcare providers and mothers in these counties.

Methods: Quantitative birth and mortality data from 2012 to 2014 were derived from public and hospital
databases. Qualitative methods were used to identify factors which impact MMR and U5MR. We
administered structured close-ended surveys to 60 mothers with neonates and 60 healthcare providers
and administrators and conducted semi-structured interviews with 26 recently-pregnant mothers
regarding their delivery and peri-natal care experiences and with 23 healthcare providers regarding health
behaviors and factors driving health disparities.

Results: MMR in Xide (72.02 per 100,000) and Mianning (68.10) county are signi�cantly higher than the
average MMR for the overall Liangshan Area (43.41), Sichuan (24.40) or the national average (21.8).
U5MR in Xide County (12.7%) is consistently higher than in Mianning (7.29%). Of 22 cases of maternal
deaths occurring between 2012 and 2014, a disproportionate number (59.9%) were non-hospital births,
and 81.81% of those deaths were of Yi ethnic minority women. 73% of medical providers have less than a
Bachelor degree and only 40.74% (Xide) or 68.52% (Mianning) scored >80% on evaluations of obstetric
and perinatal knowledge and skill. Only 57% of mothers were advised to take folic acid. Mothers who
participated in prenatal care programs were more likely to have hospital deliveries (p=0.033) and
participate in post-natal care (p=0.05). Signi�cant barriers to care exist due to limited of resources,
transportation, cost, health literacy, and cultural norms. 

Conclusions: MMR and U5MR are higher in Xide and Mianning County and Yi women are
disproportionately likely to die in childbirth. Policy changes are necessary to address these inequities, to
increase access to quality medical care and improve knowledge and skill-based training for existing
medical personnel.

Plain English Summary
Though China has greatly improved rates of maternal and childhood death, there are still signi�cant
differences between areas in China. The worst rates are in rural areas of Western China, including
Liangshan Autonomous Area, with predominantly Yi ethnic minority people. Reasons for persistently high
rates of maternal and childhood death in these remote areas include lack of information about pregnancy
as well as lack of resources and trained healthcare workers in these areas to assist with deliveries and
provide care.
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We collected data in two neighboring counties in Liangshan Area and found higher rates of maternal and
childhood death in these counties compared to Liangshan, Sichuan Province, or China overall. We
conducted interviews and collected questionnaires to understand what health services were provided, the
quality of care provided, levels of medical knowledge amongst healthcare providers, and the experiences
of mothers regarding their deliveries. We found that Xide county has a higher maternal and childhood
death rate than Mianning County, and also had physicians with lower degrees of medical training and
with less medical knowledge. Xide mothers were also less likely to receive healthcare before and after
birth. We found that mothers who died in these two counties were more likely to be Yi ethnic minority, and
to have delivered outside of a hospital. Our qualitative interviews show that there are complex reasons
why mothers are not able to get quality healthcare and to deliver babies in hospitals, including cost,
transportation, cultural norms, and health literacy.

Background
In 2000, the United Nations declared reducing childhood mortality (Under 5 Mortality Rate or U5MR) and
maternal mortality rate (MMR) by 75% between 1990 and 2015 as components of their Millennium
Development Goals (MDG) [1, 2]. Additionally, the World Health Organization (WHO) listed reduction of
MMR to less than 70 deaths per 100,000 livebirths by 2030 as a signi�cant component of their
sustainable development goals (SDG) [3].

China met MDG goals regarding early childhood mortality, reducing U5MR from 54.1 per 1000 livebirths
in 1990 to 12.5 per 100,000 live births in 2015. Additionally, China met the targets for U5MR fastest, with
10.7 deaths per 1,000 livebirths in 2015 and met MDG 5, reducing MMR from 111.0 deaths per 100,000
livebirths in 1990 to 21.8 per 1000 live births in 2015 [4, 5, 6, 7]. However, signi�cant heterogeneity
regarding these mortality rates are found between provinces and counties [8] and many counties which
still have maternal mortality ratios greater than SDG targets are in rural areas in western China [6].

This heterogeneity is rooted in differences in economic growth amidst different counties and provinces.
Over the past several decades, China has undergone signi�cant economic growth and increased
investment in health, improving the overall health status of the Chinese population [9]. However,
remarkable inequity exists in the socio-economic development between rural and urban areas, amidst
different geographic regions and between ethnic and non-ethnic minority populations; this inequity has a
signi�cant impact on disparities in health care access and therefore on overall healthcare metrics of
these populations: speci�cally, western China has a greater proportion of rural and ethnic minority
residents, has a lower GDP, and a higher proportion of illiteracy [6].

Ethnic minorities in China have bene�ted from national poverty alleviation efforts, educational bene�ts,
and less-restrictive family planning legislation allowing ethnic minority couples to have a second or third
child under the one-child policy [10]. However, meta-analyses of inequities in ethnic minority health in
Western China have revealed statistically signi�cant higher maternal mortality, neonatal mortality, and
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infant mortality, and lower uses of antenatal care, health-care facility births, and child immunizations,
even after controlling for factors such as wealth and education [11].

An analysis of preventable maternal mortality shows a higher ratio of preventable deaths in
underdeveloped and in-land (non-coastal) regions. Signi�cant factors associated with increased MMR in
remote areas included both insu�cient information about pregnancy and peri-natal health among
women and out-of-date knowledge and skills of health professionals providing obstetric services [12].
Additional barriers for rural and ethnic-minority populations include transportation, family
accommodation, cost, language or cultural differences, lack of con�dence in biomedicine or discrepant
views on childbirth, and limited trained personnel [13]. Attempts to improve MMR in rural areas have
included encouraging hospital delivery despite di�culties with cost, quality of care, or transportation [14,
15, 16], and local maternal and child hospital records are carefully scrutinized. Despite this fact, rural
areas continue to have worse MMR and U5MR than their urban counterparts or the national average [6].

Liangshan autonomous prefecture is a remote area in Southern Sichuan Province, at the Sichuan-Yunnan
border. In Liangshan, 51.7% of the population is Yi ethnic minority according to Public Health Bureau
records. Earlier studies of Yi ethnic minority women described limited hospital births, with determinants
of health care utilization including accessibility, quality of healthcare services, and concerns about cost,
insurance, and over-use of drugs [17]. Transportation challenges have been shown to disproportionately
affect ethnic minorities in Sichuan: ethnic minority regions have acute shortages of healthcare personnel,
and limited transportation and access to technology [18].

This paper describes a mixed-method qualitative and quantitative project to understand maternal and
early childhood mortality in a rural region of Sichuan Province, comparing MMR, U5MR, access to care,
and provider and maternal experiences in two neighboring counties. Investigation of maternal and early
childhood healthcare access and utilization is necessary to better develop health policies which advocate
for the health of ethnic minority women and children.

Methods
Study setting

This study was conducted in Liangshan area, an autonomous region of seventeen counties with 5.1
million people in the southwest area of Sichuan Province. Liangshan area has the largest Yi ethnic
minority population in China. Yi ethnic minorities are largely subsistence farmers who live in rural
Sichuan, with limited access to education or health care [17]. While there has been improvement in the
economic status and transportation infrastructure in the past few years, development has been unequal
in its distribution. Even between neighboring counties, there are differences in access due to
transportation and infrastructure. This study compares two neighboring counties, Xide County and
Mianning County in the Liangshan area (Figure 1): a highway (G5) runs through Mianning County, which
is comparatively more economically developed, but does not run through Xide County, which is less
developed.
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FIGURE 1: Map of Xide and Mianning Counties

LEGEND: (A) Sichuan Province with circle indicating location of Liangshan Autonomous Area in
southwestern corner of the province. (B). Liangshan Area with two circles in northern region indicating
locations of neighboring Mianning and Xide Counties on either side of the G5 Highway. (C) G5 Highway
runs through the eastern area of Mianning County, which borders Xide County. G5 Highway does not enter
Xide County.

 

China’s primary healthcare infrastructure includes both township health centers and village clinics in rural
areas (see Figure 2), which are often staffed by a single health practitioner and the majority clinics are
not equipped to provide basic blood or urine tests [19]. Urban areas have both community health centers
and community health stations. Xide County has 24 township clinics and 120 village clinics; Mianning
County has 32 township clinics and 227 village clinics.

 

FIGURE 2: China’s Primary Healthcare System schema by Location

LEGEND: China’s primary health system consists of community health stations and community health
centers in urban areas, and village clinics and township health centers in rural areas. This simpli�ed
model shows that community health centers and township health centers serve both primary (blue) and
secondary (orange) health care with basic hospital inpatient services. This diagram does not show the
three-tiered, ten-class Chinese hospital system which is based on size of hospital, as well as
specialization of medical, education, and training services provided. Arrows indicate that if patients are
seen in a community health station which cannot adequately provide care, they can go directly to county
or area-level hospitals rather than being transferred via community health centers.

 

Study design

This study combines quantitative data analysis with a qualitative approach to generate an in-depth
understanding of the health status, healthcare access, and delivery experiences of mothers and children
within the Liangshan Area.

Quantitative data collection included the collection of birth data and mortality data from Mianning and
Xide County. This data was derived from a registration database jointly overseen by the Public Health
Bureau and Department of Family Planning and augmented through collected data from relevant hospital
administrators. This data includes the number of pregnant women, obstetric patients, planned hospital
deliveries, unplanned hospital deliveries, home deliveries, as well as maternal deaths, neonatal deaths
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(<28 days), infant (<1 year old) deaths, and deaths of children under �ve. Additional quantitative data
regarding perinatal care was collected from �ve hospitals in Xide and Mianning County.

Qualitative data collection included four components: (1) structured, close-ended surveys for health
management and healthcare personnel regarding healthcare provision of services including scope of
service, level of training, and number of births and deaths in their care; (2) structured evaluations to
determine medical knowledge of care providers); (3) structured, close-ended surveys for mothers with a
child under the age of one with questions regarding demography, education, healthcare access,
experience with past deliveries, prenatal care and postpartum care; and (4) semi-structured interviews
with health administrators at county hospitals, health providers at county hospitals, community health
centers and health stations, township clinics, and village clinics, as well as both focus groups and
individual interviews with recently-pregnant mothers. 

Structured, close-ended surveys examined the aggregate experience of healthcare providers and maternal
patients in these two counties. Structured close-ended questionnaires allowed for minimization of
interviewer bias, for statistical analysis of data, and for repetition of this study at later timepoints or in
other geographic locations.

Semi-structured in-depth individual interviews were combined with focus group discussions to allow for
triangulation of �ndings and exploration of cultural complexities and nuance. Interviews were conducted
by Sichuan University trained research assistants in the local dialect. Interview guides were developed
and pilot tested, adjusting questions and phrasing as necessary. Topics covered included experience with
seeking maternal or peri-natal health, perception of medical needs speci�c to pregnancy and peri-natal
care, cultural customs around birth, health access, and challenges in seeking healthcare.

 

Sample selection and data collection

Participants for the qualitative component of this study were purposively sampled to provide diverse
responses regarding health status, healthcare access, and delivery experience for mothers and children in
both Xide and Mianning Counties. Data was collected between August and September of 2015 and
participants were selected as follows:

1. Provision of healthcare: A total of thirty frontline staffed were identi�ed to �ll out the survey on
provisions of healthcare service and service scope. These thirty individuals were selected from �ve
hospitals: the Liangshan State Maternity and Child Care Hospital (a state level tertiary care hospital
located in Xichang City), two county level maternal and child hospitals: the Xide Maternal and Child
Care Hospital and the Mianning Maternal and Child Care Hospital, and two general county hospitals:
Xide People’s Hospital and Mianning People’s Hospital. From each of these �ve hospitals, 1-2
hospital directors or healthcare managers and 2-6 doctors or nurses in the departments of
gynecology, obstetrics, or pediatrics were selected.
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2. Evaluation of Provider Knowledge and Skill: Questionnaires evaluating the knowledge and skill of
medical providers were distributed to thirty doctors from county hospitals and township or village
health centers. Seventeen providers were from the �ve county hospitals listed above and thirteen
providers were from six randomly selected township health centers or village clinics in Xide and
Mianning Counties. Thirty surveys were complete and valid, with a completion rate of 100%.

3. Delivery Experience of Mothers: A total of sixty mothers with an infant under 1 year old completed
questionnaires regarding their delivery experiences. Three village clinics were randomly selected from
Xide and Mianning counties, at each village, the village doctor identi�ed 5-7 mothers who �t selection
criteria for interview. 21 mothers were interviewed in Xide village clinics and 18 mothers were
interviewed in Mianning village clinics. Additionally, 11 mothers were interviewed while admitted at or
seeking care at Xide county hospitals and 10 mothers were interviewed at Mianning county
hospitals. All mothers were Yi ethnic minorities.

4. In-depth interviews and focus group discussions were conducted in parallel with surveys for hospital
administrators, physicians, and mothers. Participants were selected from survey participants by
convenience sampling: 7 in-depth interviews were conducted with county hospital administrators, 16
interviews were conducted with county and village physicians, and 26 interviews or focus groups
were conducted with mothers. The research team conducted interviews at a convenient, quiet, and
private location at county hospitals or village clinics.

 

After obtaining written consent from each participant, interviews and focus groups were conducted in the
native language of the participants. Interviews and focus groups were conducted until saturation was
reached and no further themes emerged from data. Information from these interviews and focus groups
were handwritten in the �eld, transcribed into a word processing document, and coded by two researchers
trained in qualitative research methods for thematic analysis via grounded theory.  

 

Inclusion and exclusion criteria

 Quantitative data was limited to that concerning the three years of interest (January 2012 to December
2014). Only surveys with complete answers were included. Inclusion criteria for mothers included those
who had delivered a child in the past year and were over the age of 18. Exclusion criteria were mothers for
whom their most recent childbirth was not in-line with the national policies regarding family planning. For
most women, these policies were not applicable because of exceptions made for ethnic minority women.
Many women for whom an additional child is against family planning legislation will choose to have the
child in secret and avoid seeking maternal or perinatal health care procedures; these women were
excluded from the study as these additional legal and social factors affected their health-seeking
behavior and healthcare access.
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Statistical Analysis

            De-identi�ed data was analyzed using SPSS version 23.0 (IBM, Chicago, IL, USA) and SAS
Software (version 2011). Descriptive statistics (frequencies and percentages) were used to summarize
numerical data. Differences between categorical variables were analyzed via two-sided Pearson chi-
square tests. Analysis uses 95% con�dence intervals and considers p-values <0.05 as signi�cant.

Results

Maternal and Child Mortality

Health statistics data were calculated from basic birth data and analyzed for three

consecutive years. In Sichuan province, the MMR was 24.40 out of 100,000 live births in

2014 year, while the Liangshan autonomous prefecture had an MMR of 43.41 out of

100,000, significantly higher than both the province and national average. U5MR is

similarly elevated in Liangshan in comparison to the urban Sichuan population (11.95%

compared to 5.22%). Both Xide and Mianning County have much higher MMR at 72.02 and

68.10 per 100,000. While both counties exhibit declining maternal mortality, U5MR, and

neonatal mortality rates, Xide County has consistently almost double the U5MR and

neonatal mortality than Mianning County (12.77% vs 7.29% and 5.57 vs 2.87%) (see Table

1).

 
TABLE 1:
Health Statistics for Liangshan Area, Xide County and Mianning County from 2012-2014

    2012 2013 2014
Liangshan Area Population 4,922,446 5,018277 5,091,002
  U5MR (%) 14.6 11.74 11.23
  MMR (per 100,000) 51.71 61.89 43.41
Xide County Population 215,213 220,861 226,709
  Living births 1836 1707 1851
  Birth rate 8.53 7.73 8.16
  U5MR (%) 12.42 12.05 12.77
  MMR (per 100,000) 35.49 95.15 72.02
Mianning County Population 382,187 389,833 395,673
  Living births 7555 7778 6801
  Birth rate 19.77 19.95 17.19
  U5MR (%) 4.37 5.26 7.29
  MMR (per 100,000) 36.42 36.63 68.1
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Analysis of incidences of maternal mortality

Analysis of incidences of maternal mortalities which occurred in Liangshan Area

during the years 2012 to 2014 show that maternal deaths are more common for Yi ethnic

minority women, non-hospital deliveries, and non-standard prenatal examinations. Between

2012 and 2014, there were twenty-two cases of maternal deaths in the two counties of

interest: 16 in Mianning and 6 in Xide. There were 22,420 total births in Mianning county

and 8,790 births in Xide county. 

A significantly higher proportion of maternal deaths (81.8%) were of Yi ethnic

minority women (p=0.03 by Chi-square analysis), despite only 58.7% of women being of Yi

ethnic minority. Of the 22 deaths, 5 women were not registered to receive prenatal care; of

the 17 which were enrolled, 7 did not receive prenatal examinations at the hospital, and

only 4 cases had more than three pre-natal visits. Of the 22 deaths, 9 cases occurred in the

hospital, and 13 occurred at home or in transit to the hospital. Given that 78% of births in

Xide and Mianning county combined occurred in hospitals, a significantly higher proportion

of maternal deaths occur outside of the hospital (p<0.0001 by Chi-square analysis). Among

the cases of maternal death, there were high proportions of Yi ethnic minority women and

women who delivered at home, and low proportions of women who received standard

prenatal exams.

 

Status of Health Personnel education, training, and knowledge

Questionnaire data from health professionals in both counties reveal an overall low

education background with 73.3% of individuals possessing less than a Bachelor degree.

Additionally, 33.33% did not receive standardized medical training prior to practicing

medicine (see Table 4). There are also discrepancies between Xide and Mianning Counties,

as Xide county health providers have lower educational attainment and lower proportions

of those who have received specialized medical training. Interviews corroborated this data,

as most administrators noted that doctors in higher-level hospitals have more opportunities

to receive specialized training in maternal and childhood health and that most trainings are

located in county level hospitals. Administrators noted the inadequate number and training

of doctors in these two counties, noting that most facilities were operating at 50% staff



Page 10/21

capacity and that less than half of Town Health Centers could carry out hospital deliveries.

Both health administrators and village doctors noted that there is need for training of

village doctors in basic maternal and child disease management.

 
TABLE 4: Characteristics of Healthcare Provider Participants

    Number (total =30) Percent (%)
Gender Male 3 10
  Female 27 90
Age 30 9 30.0
  30-45 17 56.7
  45 4 13.3
Highest degree Bachelor 8 26.7
  Junior college 15 50
  Technical college 7 23.3
Job title Doctor 18 63.0
  Nurse 9 33.3
  Village doctor 1 3.7
Years of employment 10 17 58.6
  10-30 10 34.5
  30 2 6.9
Place of employment County hospital 17 56.7
  Township or village clinic 13 43.3
County Xide 15 50
  Mianning 15 50

 

Based on the questionnaire which evaluated basic knowledge in categories regarding

perinatal care and obstetric emergencies, only 40.74% of those tested scored over 80% in

Xide and 68.52% in Mianning, revealing a significant discrepancy in the knowledge and skill

background between Xide and Mianning health care providers. This discrepancy can be

seen regarding both general obstetric knowledge and perinatal care. Discrepancy in basic

knowledge was also found between village and county doctors, as only 2 of 13 (15%)

village doctors scored above 80% while 6 of 17 (35%) county doctors scored above 80%

(results not significant at p=0.14).

 

Medical care access and availability for pregnant women

Perinatal care covers fetal ultrasounds, HIV/AIDS screening, folic acid counseling

and distribution, and child vaccination. The majority of women receive their healthcare
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consulting from village doctors, who have established a high degree of trust with residents

of villages. Based on data collected regarding the scope of service and participation in

perinatal care programs in both Xide and Mianning County, significant discrepancy can be

seen between the healthcare access and utilization of women in the two counties. Xide has

lower rates of participation in pre-partum care, post-partum care, maternal and neonatal

care; however, both Xide and Mianning County have high rates of high-risk maternal care

(see Table 2). And though rising in both counties over the three study period years, Xide

also has consistently lower rates of in-hospital births with 59.4% overall vs 85.3% in

Mianning (see Table 3).

 
TABLE 2: Maternal and Peri-partum care participation rates by county over time

  Xide County Mianning County
  2012 2013 2014 Average 2012 2013 2014 Average

Pre-partum care % 79.40 85.23 75.00 79.88 87.00 89.37 90.67 89.01
Post-partum care % 64.05 85.40 74.80 74.75 88.15 89.52 90.28 89.32

Maternal care % 60.04 85.23 70.48 71.92 82.89 83.73 86.67 84.43
Neonatal care % 55.02 71.40 70.28 65.57 90.96 91.88 92.29 91.71

High-risk maternal care 100.00 100.00 100.00 100.00 96.45 95.68 99.23 97.12

 
TABLE 3: Hospital vs non-Hospital deliveries in Xide and Mianning Counties

  Hospital deliveries per yearNon-Hospital deliveries per year

  2012 2013 2014 Overall 2012 2013 2014 Overall
Xide
(%)

1556 1904 1764 5224 1262 1249 1055 3566
55.21 60.38 62.57 59.42 44.79 39.43 37.43 40.58

Mianning
(%)

5483 8450 5201 19134 1367 13583 560 3286
80.04 86.15 90.28 85.344 19.96 13.85 9.72 14.66

 

Based off of questionnaires from recently pregnant women in Xide and Mianning

County, women in Mianning County are significantly more likely to participate in prenatal

care, and to participate in neonatal and maternal health care programs than women in Xide

County (p<0.05 by Chi Square analysis). Among all survey participants, 55 (91.7%)

participated in maternal care program. On average, most mothers initiate prenatal care at

3.5 months of gestation and have four prenatal care visits prior to delivery. Of the 60

mothers in our sample, 31 (57%) were advised to take folic acid, and 18 (30%) participated
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in maternal and/or neonatal care programs. By chi-square test analysis, age of the mother

(age >30) is associated with higher participation in prenatal care programs, and

participation in prenatal care programs is associated with hospital delivery (p=0.03) and

post-natal care program participation (p=0.05).

           

Barriers to healthcare access

From survey questionnaires and interviews with healthcare administrators, health

providers, and recently-pregnant mothers, we identified the following five barriers to

healthcare access:

1. Lack of resources: village doctors lack training, capacity, and resources to provide

additional healthcare to pregnant women and children. Most village doctors do not

have standalone medical clinics, but provide medical care in their own homes. Their

equipment is limited to a stethoscope and blood pressure cuff. Most villages lack a

scale, and all villages lack a dedicated refrigerator for vaccines and basic medications.

2. Transportation: recently pregnant women reported on questionnaires that they had

mostly reached their healthcare destination by walking (33.3%) or by car (26.7%), with

the remaining using public bus, motorcycles, or other transport. The average time spent

in transit was 52 minutes and the longest was five hours. The location of village clinics

is also important, as in villages with less developed road infrastructure, villagers must

walk 5-8 hours to reach the village clinic. Mothers also cited the inconvenience of

transportation due to few vehicles and poor road conditions as a major reason to have

home deliveries.

3. Cost: Mothers noted in interviews and focus groups that the main reason for home

births is economic challenges. Though the government has reduced the cost of hospital

delivery and provides a healthcare subsidy of 500 RMB for mothers who deliver in a

hospital, it is still less expensive to have a home delivery due to the costs of

transportation to a hospital (a minimum 300 RMB for a chartered car) and additional

expenses of being away from their village. Of note, pre-natal check-ups and child

immunizations are freely provided.



Page 13/21

4. Health Literacy: Though the importance of folic acid is emphasized at each prenatal

visit by village doctors, village doctors noted that a number of pregnant women worry

that the drug negatively affects the fetus, and refuse the medication. One village doctor

noted that “information cannot be easily communicated” to mothers due to low

education levels. Mothers noted that amidst their peers, awareness of the importance of

hospital delivery is not strong, and many do not know about government subsidies

available for hospital deliveries.

5. Cultural Norms: As emphasized by all interviewees, within Yi ethnic minority culture,

pregnancy is shameful. Therefore, many women hide their pregnancies until late in

their pregnancy. This presents challenges for delivery of prenatal care, and man

women cite this cultural stigma as a reason for not seeking pre-natal care or taking

folic acid. Additionally, traditionally, Yi women deliver at home with only their mother-

in-law present and with only a pair of scissors to assist in the procedure.

Discussion
As noted by Gao, Zhou and Singh et al [6], progress in MMR in China has been unprecedented, largely due
to the government’s commitment to ensuring safe hospital births even in rural areas. However, there
continue to be signi�cant gaps between hospital delivery rates in urban and rural areas [20, 21]. In
general, births are concentrated in larger county hospitals with well-trained staff and higher resources,
smaller township health centers focus on perinatal care and screening for high-risk pregnancies. This
study shows evidence of signi�cant heterogeneity between counties with regard to healthcare access and
medical personnel education and training, and subsequently there is signi�cant discrepancy in MMR and
U5MR.

This study provides a case-study comparison between Xide and Mianning county in Liangshan Area and
shows that Xide county, with higher MMR and higher U5MR, also has physicians with lower degrees of
medical training who scored lower on a quantitative evaluation of basic perinatal and obstetric care
knowledge. In correlation, Xide mothers were less likely to receive pre-partum, post-partum, maternal, or
neonatal care.

Given these discrepancies in the training and quali�cation of health providers in these two counties,
possible policy mechanisms for improving MMR and U5MR are to increase the number and quality of
providers and to provide standardized training regarding maternal and peri-natal care. Increased numbers
of health professionals are associated with reductions in U5MR, with largest associations seen in areas
with slowly increasing GDP per capita [22]. The relatively poor quality of healthcare in western regions
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has already been attributed to the difference in numbers of health providers (3.7 million in the eastern
region vs 2.2 million in the western region) [6, 23]. Our research reveals a fundamental need to not only
increase the number of healthcare personnel, but also to improve education and skill-based knowledge of
existing healthcare providers in this area.

This research further shows that maternal deaths are signi�cantly more likely to be non-hospital
deliveries and that mothers who received pre-natal care were signi�cantly more likely to have hospital
deliveries and to receive post-natal care. This is in line with existing studies which show low utilization of
peri-natal health (due to household, economic, systems factors) leading to higher MMR [24, 25, 26]. Thus,
efforts should be taken to encourage hospital deliveries through increasing access to pre-natal care. The
“Safe Motherhood” program implemented by the Chinese Ministry of Health and the UN Children’s Fund
(UNICEF) in Western China increased delivery rates by providing subsidies, improving project
management, establishing obstetric technical guidance, strengthening the quality of care in township
hospitals, and providing training to village doctors [27]. There has also been signi�cant government
investment and policy programs directed at these efforts per qualitative data in this research: �rst, a
recent policy requires babies to be born in hospitals to receive birth registration and certi�cates, and
second, enrolling all women into the rural cooperative insurance program to assure cost-free hospital
delivery [28, 29, 30].

However, as this research shows, despite government policies, there are signi�cant barriers to healthcare
access and hospital delivery. Our qualitative in-depth interviews reveal that despite government subsidies,
many women are not aware of these subsidies and lack basic health-literacy to communicate with health
providers. Thus, efforts should be taken at the village clinic level to educate women about available
subsidies and the importance of hospital birth. Additionally, though transportation and access to
hospitals is a previously researched factor for maternal mortality [18, 25, 31], this research re-emphasizes
the link between poverty and transportation effects, as well as how lack of emergency transport services
and poor state of roads deter hospital deliveries.

Guo and Huang 2019 [8] note the challenge of looking at county level data due to the instability of birth
rates considering the small size of county populations; qualitative data can be helpful to understand and
assess factors rather than relying on quantitative data which may not be reliable. Our quantitative data
showed that maternal deaths are disproportionately likely to be Yi ethnic minority women, con�rming
prior research that shows minority-prevalent counties have higher MMR than non-minority prevalent
counties [32] and the need for further rsearch to understand this discrepancy [33]. The qualitative
components of this research reveal crucial barriers to maternal health improvement including the need to
address differences in cultural norms. Given the high MMR and U5MR in the Liangshan area, attention
should be paid to working with Yi ethnic minority cultural practices and perspectives around pregnancy
and childbirth. For example, as in the �rst trimester of pregnancy, strangers cannot know about a
pregnancy, it is key to establish prenatal care in the early second trimester with Yi women, and also to
provide widespread education for women of reproductive age to take prenatal vitamins and folic acid
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regardless of pregnancy status and to have access to up to date resources about �rst trimester prenatal
care without traveling to a village clinic.

Limitations
Our study has several limitations. First, this study only looks at two counties and the results may not be
easily applicable to other areas. Second, we did not conduct a complete or random sample of healthcare
providers, conducting purposive sampling of providers. Thus, we cannot ensure that the providers who
answered our quantitative knowledge and skills evaluation are a representative sample of healthcare
providers in these counties. Third, we chose to compare MMR and U5MR in two counties which were
purposely economically dissimilar rather than controlling for economic wealth and other factors which
may impact MMR and U5MR. The difference in GDP between Mianning and Xide County is signi�cant.
Thus, we are unable to isolate possible confounding factors, and economic resources are a known
compounding factor on healthcare access and resources. However, the purpose of this study was to
compare two neighboring counties and to conduct an in-depth understanding of factors which may lead
to differences in MMR and U5MR from provider and maternal patient perspectives. Lastly, due to the
sensitivity of the issue and small number of mothers of dead infants, all mothers interviewed and
surveyed were mothers who have live infants under one year old. The experiences of mothers with dead
infants may be signi�cantly different and provide additional understanding of factors which lead to
infant mortality. Additionally, though researchers attempted to distance themselves from local health
workers and healthcare providers, it is possible that women may have perceived interviewers as
associated with healthcare workers which would impact their willingness to speak honestly during focus
groups and interviews. We cannot conjecture how this impacts the reliability of our results.

Conclusion
This study provides an in-depth mixed-methods examination of maternal mortality in a speci�c region of
interest in Western China. Liangshan Area is a rural area which is economically disadvantaged and with
predominantly ethnic minority population. Our study provides a nuanced exploration of barriers to
maternal healthcare which may contribute to high MMR and U5MR. Based on our research, further
research directions and pilot interventions should address (1) the quality and training of existing
healthcare personnel in rural areas, (2) education of women regarding importance of and avenues for
hospital delivery, (3) improvements in transportation or knowledge regarding transportation access (4)
culturally-competent methods of providing care alongside Yi customs stigmatizing pregnancy.
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Figures

Figure 1
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Map of Xide and Mianning Counties LEGEND: (A) Sichuan Province with circle indicating location of
Liangshan Autonomous Area in southwestern corner of the province. (B). Liangshan Area with two circles
in northern region indicating locations of neighboring Mianning and Xide Counties on either side of the
G5 Highway. (C) G5 Highway runs through the eastern area of Mianning County, which borders Xide
County. G5 Highway does not enter Xide County. Note: The designations employed and the presentation
of the material on this map do not imply the expression of any opinion whatsoever on the part of
Research Square concerning the legal status of any country, territory, city or area or of its authorities, or
concerning the delimitation of its frontiers or boundaries. This map has been provided by the authors.

Figure 2

China’s Primary Healthcare System schema by Location LEGEND: China’s primary health system consists
of community health stations and community health centers in urban areas, and village clinics and
township health centers in rural areas. This simpli�ed model shows that community health centers and
township health centers serve both primary (blue) and secondary (orange) health care with basic hospital
inpatient services. This diagram does not show the three-tiered, ten-class Chinese hospital system which
is based on size of hospital, as well as specialization of medical, education, and training services
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provided. Arrows indicate that if patients are seen in a community health station which cannot
adequately provide care, they can go directly to county or area-level hospitals rather than being
transferred via community health centers.


